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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-
plications for presentation to the Congress of
the United States in the course of the fiscal
year 1968 authorization process. It is believed

PREFACE 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 development 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
research 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 Snacc
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,

.4ssociate Administrator for

Space Science and Applications.
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THE STATEMENT OF HOMER E. NFwELL, ASSOCIATE ADMINISTRATOR FOR SPACE
SCIENCE AND APPLICATIONS, NASA

THE NATIONAL SPACE SCIENCE AND APPLICATIONS PROGhA31

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. In this tenth year of the Spice Age there is much to re-
port both on progress and on opportunities for the future.

When we began our space program, we did so wits. a very limited capability.
We mounted, therefore, a strong effort to develop tho technical and operational
capability needed to accomplish our objectives in space. At 'he same time,
with the strong support Of the Congress and the country, we were able to under-
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 front small
sounding rockets to the Saturn I and Titan III class vehicles, with the still
larger Saturn V imminent. Automated techniques of space exploration and
application have matured while chalking up a long string of successes in Mariner,
Ranger, Surveyor, Lunar Orbiter, Explorers " geophysical and Sola: Observa-
tories, Tiros and Nimbus, Syncom, the ApI ations Technology Satellite, and
many others. The capability of man to opc.ate in space is emerging is Gemini
winds up a brilliant series of flights, as the Apollo prograin 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 effort to practical applications and scientific and technological re-
search. The future holds much promise of even greater returns on our invest-
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 meals to us, and how it can contribute in many
ways to important national objectives. We have come to perceive the im-
portance of challenging, broad, scientific and technological efforts to the techni-
cal health of the nation, and to appreciate the importance of the space effort in
this respect. Many countries halve come to equate preeminence in space with
technical leadership on Earth. As a result. scientific and technological prestige
derived from successes in space have a definite influence at the negotiating table,
and on where other nations seek guidance and bu y technological products, serv-
ices, and training. One of the most important returns from an overall space
capability is our ability to control our own destiny in space and in the Space Age,
and to avoid a situation in which another country could restrict our use of space
or our freedom of action in space. These points are developed at greater length
in Appendix I.

Our rapidly developing capability has enabled us to achieve man y 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
applications. In Chapter III I will review the Fiscal Year 1968 budget request
for the Spare Science and Applications Program.

CHAPTER I. PROGRESS AND OPPORTUNITIES IN SPACE SCIENCE

apace ecicncc
The rocket, satellite, and space probe are powerful tools for scientific research.

With them the investigator has been able to tackle many important and funda-
mental problems that could not be attacked effectively hitherto. With space,
techniques observations can now lw made that are simp'.y impossible at the stir-
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 fro%tiers of ignorance. We shall discuss this point
at some length a little later.
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FIGURE 109

In broad pers1wetice space science includes two major areas of research (fig.
IM) .

Exploration of the solar system.
Inv estigation of the universe.

The first category includes the scientific in'estigatifni ((f our Earth ar.d its
atnu(sphere, the Moon and pl:lriets, tend the interplanetary medium. Tlie nature
and hehaA • ior of the Sun and its influence on the s(.mir s.'steni, es1weiallY oil the
Earth. are of prime im 1wirtance. With the availability of sl ►ace teehni(lues, \vf'
are no longer limited ill direct. observation to a single body of the s4rlar system.
hilt ivay now send oar instrimients and even nm'n to explore ;Intl investigate other
(d( ,jectl iii the solar system. The IK(ssihilit 'v ((f coniparing the pniperiies of the
planets in detail add.,;gre:ltl'v tot he power of investigation of our (own planet.
1 1 went i nll}• far-reachin g in its philosophical implications, is the search for life on
other planets.r

lw fundamental laws of the universe iii which we live are the most importmit
objects ( , f scientific search. Space techmi(lues furnish a tiiost l ►flwerfu i tmeans of
pri)WIng the mature of the universe, lly fin - nishing the ()lfp((r1unit v t(( ((1(sf'i'1'(' mid
measure froth :ibu^e the Earth's atmosphere in wavelf'u g ths that caLinot penetrate
to the ground. There is also the opportunity to perform exlwrinients on the scale
((f the solar s.N• stem using satellites '11id space prone: to study relativity, to delve
into the mature of gravitation. including a search fur the existence of Kravitat ion:il
WaVes.

Hixtori,ral per8pective
Seizing upon the opportunities before gas, in the very first months and years

((f ti ► e Space :age, this countr.• undert(Kfk as dive ►'s(- :( progr;lul of space science,
techmology, and applications as its limited vap:lf(ilit 'v woiil(i Iwrniit. In the brief
-,.pa l since th((sl' years (If earl y deoisifin. all ((f the llrst geuvrathin Inl^^l(rrl^ mider-
t:ikem in our' liational space flight linigrain hnve been linjught t(( flight stage;
excel ►t far tic (Whiting Astmnoinical Observ:ltory (()Ao ) all have avido •ed
su(fessful flights. and we are on the verge of success with tLat projer •t. It is
signitiemo that the OAO Is in imam}- respf'cts the moist difficult mid In((st :idv:mcecf
of the scientific missions undertaken by this country.
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Except for the extensive sounding rocket progran ► , t1Le revord Is set forth o11

the table of figure 110. Scientific suet-asses recorded in the table , ittchide donee ", of
l-;xplorers (atmosphere; n ► agnotospt► ere; geodesy ; space ciivirommm v nt I. I)rlliting
Solar Observatories (Sun), Orhiting Geophysical Observatories owiltidiscipli-
nary studies covering the atmosphere, inagnetospla-re, Sun, and space environ-
ment) ; many satellites launched for other ,-ountries ill programs
(atmosphere; ionosphere; Still; sltitee environment), the Ranger and Surveyor
hum r iissions (lloon), Pioneer deep space probes (space ei viroun clil 1, and lht'
Mariners to Weans and 1I1 ► rs (pintiets; space environmwnt). As I oleutioued ill
the introduction, a later paper will discuss the eery successfu! ,Ind pro(hivoive
applications progr in.

Figure 111 lints the second round of missions undertaken ill space
program since 1960. Nlany of these have also come to fruition. Eminently sat:s-
fying has been the brilliant Gemini program, in which many scientific experiments
have been carried out ( Farth and weather photography ; space environment
astronomy ; biclscience). The second generation missions include advanced Ex-
plorers, such as the interplanetary Nlonitorin); I'latform ► . called 9191', (space
environment), and the GEOS and I'ageos geodetic vitellites (F.arth structure;
mapping). Of the new international cooperative satellites, the seeonc'. (`anadian
Alouette (ionosphere; cosmic rays) and the Italian Win Nfareo (atnivsphere)
launches were highly successful. New and improved Pioneer, even now are
orbiting the Sun, sending back important data oil activity and the inter-
planetary mediums. Spectacular pictures of the 1i(k)ii from our two 1,111tar
Orbiters have appeared oil 	 pages of newspapers around the worlu.

The year 1966 saw a spectacular assault oil secrets of the Aloon with Sur-
veyor and Lr► nar Orbiter automated spacc,craft. These achievements are beauti-
fl ► lly symbolized by Lmnar Orbiter's ► memorable photograph of the Farth doTn-
inating the s%y above the lunar horizon (fig. 112). While mission's such as

NASA MISSIONS STARTED BEFORE 1 JANUARY 1961
DATE OF	 TOTAL SUCCESSES

MISSION	 FIRIT SUCCESS	 TO 31 IAN 1967

VANGUARD 17 MAk 1958 2
EXPLORER ^ 1 FEB 1958 25
PIONEER" 3 .MAR 1959 2
ORBITING SOLAR OBSERVATORY 7 MAR 1 0 62 2
ORBITING ASTRONOMICAL OBSERVATORY --- --
ORBITING GEOPHYSICAL OBSERVATORY 7 JUN 1966 1
INTERNATIONAL 26 APR 1962 2
RANGER 28 JUL 1964 3
SURVEYOR 30 MAY 1966 1
MARINER 27 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 27 OCT 1961 13

CENTAUR — 27 NOV 1963 7
DELTA 12 AUG 1960 41
SCOUT '°'° 1 JUL 1960 39

PART OF IGY BEFORE CREATION OF NASA
"	 STARTED BY L)SAF

STARTED BY ADVANCED RESEARCH PROJECT AGENCY (ARPA)
.... 	 LAUNCHES FOR DOD AND AEC NASA S 67-107

2-1-6%

b`10URE 110
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VASA MISSIONS STARTED AFTER 1 iANUARY 1961

DATE OF TOTAL SUCCESSES
MISSION FIRST SUCCESS TO 31 JAN	 1967

-	 ADVANCED EXPLORER 26 NOV	 1963 3
NEW PIONEER 16	 DEC	 1965 2
NEW INTERNATIONAL 27 MAR	 1964 3
LUNAR ORBITER 10 AUG	 1965 2

-	 APPLICATIONS TECHNOLOGY SATELL;iE 6	 DEC	 1966 1
SYNCOM 26	 JUL	 1963 2	 -
GEODETIC 6 NOV	 1965 2	 =_
ESSA 3	 FEB	 1966 4
BIOSATELLITE - --
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
APOLLO (MANNED) --- --
LITTLE JOE II 28 AUG	 1963 4

NON-NASA MISSIONS
TELSTAR 10	 JUL	 1962 2
INTELSAT 6 APR	 1965 31Vehicle

Only)

NASA 5 67-1638

BUILT AND LAUNCHED BY NASA FOR ENVIRONMENTAL 2-1-67

=	 SCIENCE SERVICES ADMINISTRATION

FIGIT$E 111

SPACE SCIENCE AND APPLICATIONS	 -g

3

FIGURE 112
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these were capturing most of the headlines fp s well as the public imagination,
they were also being matched by equally significant progress in other areas,
including pertinent and supporting ground -lased research.

The accomplishments of the past two years have clearly 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 it 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 I1, which
was compiled by NASA's Goddard Institute for Space Studies. Nevertheless,
the United States has maintained a lead through 196,5. It will, however, be
important to watch for what effects the recent increase in automated explorat'.on
of the Moon and cislunar space will have on both the absolute and relative
numbers of Soviet si-mce vience publications.
Time for dectsion

Many of our first and second generation projects have been completed or are
nearing completion. The space research of (,rt has been abundantly fruitful
In answering 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
new missions to replace old ones.

The importance of this point may be seen from figure 113. This chart shows the
fiight R^ tivity in the Space Science and Applicatiorw Program since 1960. Flights
to which we have committed ourselves are shown Ps launched or scheduled.
They are subdivided into major missions requiring Agena, Centaur, or SaturnI aunch vehicles, and small spacecraft requiring the Scout or Delta launch vehicles.
The number of scheduled missions is seen to decrease rapidly to zero in the early
1970'x: There is both the opportunity to introduce new missions into the science

OSSA FLIGHT MISSIONS
NUMBER OF
MISSIONS

24 r- 	
DELTAISCOUT

22

20

18

16

14

i2

10

LAUNCHED OR SCHEDULED
MISSI0NS

PLANNED IN FY 68 BUDGET

8

6
	

AGENAICENTAUR/

4
	

SATURN

2
	

LAUNCHED OR SCHEDULED

0
CY 60 61	 62 63 64	 65 66 67 68 69	 70 11 72 73	 74 75

NA SA S 67-605

REV 3-1-67

FIOUSE113
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and applicatir n program, and the necessity to do so, to tackle the new problems
we now have .,e:ore us, to keep in trim the magnificent team that we have put
together, and to maintain our forward thrust. The Fiscal Year 1998 budget in-
eludes funds to conduct work on additional missions as indicated in the chart.
T:iese missions, which include Voyager, will be discussed by Mr. Edgar Cort-
r.ght 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 represented by Sput-
nik I with whatever we could do in space. A decade later the situation is e:,-
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 attent:ion
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 apace research oii 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; space 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
should suffice to consider four major disciplines: geoscience, physics, astronomy.
and bioseience. All of these disciplines are thoroughly involved in the pursuit
of our objt•ctives of exploring the solar system and investigating the universe.
feoacicncc

The impact of space techniques upon the geosciences, i.e., the study of our Earth,
has been truly dramatic. Through the space app., ach. 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.

I.et us discuss these four points in order.
Nete tool, for 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
1t10fl's and extending over nearly half a century, to glean information from
various indirect source ,, about the properties and behavior of the high at-
mosphere. Some remarkably good detective work was done, but progress was
slog: 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 in the practical imlmrbince of
much of ;pace science. Through the results of space research %ve understand
better the nature and behavior of our c nvironment, and its influence upon our



1000

100

NASA AUTHORIZATION FOR FISCAL YEAR 1968	 371

PREDOMINANT ATMOSPHERIC CONSTITUENTS
ALTITUDE iKM)

16	 28.86

MEAN MOLECULAR WEIGHT 	 rasa sal-iaa7
2-Id-a7

FIGURE 114

lines. 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 disitant future even taming the hurricane and thV , 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 of atmospheric pollution, which affc-c+ts 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 fi;:!uvtry, stop driving
automobiles, and forego those activities that inject tont,:minants into the
atnosphere, and to understand thoroughly t ►► e behavior of „»: atmosphere and
what our activities do to it, so that we may devise ways of ?wing and working
that leave our environment unhar ► ned.

The above are obvious examples of the dir(x-t. practical al-plie p tion 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 percep-
tion of man's environment and his role in it. I.et mP 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 conibustion engine. `ince
carbon dioxide in the atmosphere absorbs heat radiated front the c,*round, in-
creasing carbon dioxide content implies a gradually increasing temperature
at the Er.rtth's surfaee. It would take o ily a few degrees rise in the •':erage
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FIGURE 115

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

Even more subtle is the influence %ve 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 caemical
compound, nevertheless, the proportions of the major constituents like nitrogen
and oxygen are absolutely unchanging. This point of view, however, is an illu-
sion fostered by the vastness of the atmosphere and the extreme slowness of
cluinges. Rut, 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 Earthh'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 herhicides that are being
washed into the oceans. Since there is no known buffer or stabilizer for the
equilibrium of oxygen in the photosynthesis-atnloslllhere cycle, the amomit of
oxygell in the atillosphelt . may be exilected to decrease as the balance of the
plant and animal ecology of the oceans is drastically disturbed. Because there
:ire now about a half Million tons of oxygen per inhabitant. oil Earth, and Ile-
cause any changes will appear to be quite slow, harmful long-term effects will
not be easily perceptible in the critical early stages. The concern is that by the
time sig111ficant 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 Ileadquarters.

The significance of the atmosphere in our lives is clear. The interplanetary
medium and the Sun have a relatod 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,
wo 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. I.et 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 part 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 peen 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. 123). 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

FIGURE 116
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Photograph of Oman taken June 5th, 1965 from Gemini IV at an altitude of 100 nouti;al miles.
The area shown on the photo is about 100 miles on a side. The mop compiled by the USGS
illustrates the geological information available on o near vertical small scale photogrc ph. This
synoptic coverage facilitates recognition of major structures and of gross geologic provinces, and

provides a valuable and unique overall view otherwise unobtainable.
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FIGURE 123

Allen's discovery of the radiation belts. Indeed, the magnetosphere is new, coined
to designate that region of the interplanetary medium over which the Earth'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 ma gneto-
pause, or boundary of the magnetosphere, lies hchind the shock wave, while
within the magnetosphere itself are the trapped radiations that comprise the
Van :Alen Belts. These radiation belts are a sort of no-man's land where radiation
intensities are too high to permit any prolonged manned olx^rations.

While the magnetosphere reaches a distance toward the Sun of 10 or 1) Earth
radii from the Earth, in the anti -solar direction the Earth's Sehl lines are swept
out by the solar wind to great distances. The total extent of this nuagnetospheric
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 magnetosi ►heric tail froin a distance of 75,000
iniles beyond the Moon's orbit. Moreover, instrunwnth in the deep space probe
Pioneer VII have detected some effects of the Earth c .i the solar wind at more
than four million miles beyond the Earth.

The study of the magnetosphere is inextricably interwoven with investigations
of the aurora, magnetic storms, and magnetic fluctuations, communications dis-
turbances, and weather anomalies ou the one hand, and of the interl0anetary
medium and solar activity oil other. To mid-,rstand the important relations
among these various phenomena. we are now investigating the dynamics of the
magnetosphere. With Fueh studies we expect to lean about the det,ciled niecha-
nisms by which the Still 	 its control oil the Earth's atmosphere.

A discussion of the Earth's magnetosphere is given in appendix IV: ''The
Solar Wind and the Earth', Magnetosphere," by Dr. George Pielx-r, .Assistant
Director for Space Sciences, Goddard Space Flight Center.

The existence of an Earth's magnetosphere immediately suggests the possi-
bility of other pl.cnetary magnetospheres, the study of which may shed still
further light on solar -planetary re lationships. The instruments on Mariner II and
'Mariner IN uhowever. have shoNv that Venus and Mars have weal: magnetic
fields, if any, and . nee do not have pronounced magnetospheres Hke that of
Earth. 0n the other hard, radio wavelength emission. from the planet Jupiter
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indicate that .),,loit e r lass ;In extensive magnetosphere, reaching to Millions of
miles from the planet itself ( fig. 1'2'11). It is clear, from the intensity of these
rmliu emissions, that the .l,ll ►iter radiation belts are at least a thousand tides
more intense th;nl those of the Earth.

It may even he correct to think of our T.arth as revolving Nwithin a solar
nmgnetE ►sphere. Perhaps interphuletary sl ►nce divides into two regio ► :s : a solar
In;,gnetosphere region enveloping the nearer planets, and the rerllote reaches of
the solar systent where galactic space conditions l ►rewail. A challenging problem
of a ►aco research is to find .Ind probe the hoandary between these two regions
and to enter and study the true interstellar mediTlnl.

Gcosrhnre and lllc other l/lanctx
The third profound iml ►act that space activities :iry having oil geoscience in-

volves the phim-ts. 7`111 . d(mmin of geoscience has grown to include nu,n' • hodie,
off the s(II;Ir s oysteni. A longer must the geoselentist he content vwith onl'v one
s; Inll ►le of the solar system, namely, the Earth. Now automated instruments,
;md Inter ulcn. ( • ;III go to the Mmm .Ind l ► I;mets (fig. 1:37), to ask of those other
11 ' Ilies the satue (111E's tions that the scientist has long heelt asking about the
E;Irth. The theories, instruments, and skills needed and dewelol ►ed to stud' • the
I'arth Call now 1 ►e applied to investigating the Moon and pl.u,ets at firsthand
( fig. 128). Conversely, improvements in instrumentation achieve(1 to further the
stndyof the L ►lanets Elirectly henelit the investigation of the Earth.

The nee,) for lighter, compact, reliable, and sensitive scientific instrlunenta-
tion and •,)-;,aced techniques for observation and amilysis from spacecraft and
oil lunar surface has resulted in new designs and miniaturized instruments,
such as mass s1wetrolaeters, gas c •hromatographs, differential thermal analyzers,
difl'ractometers, sl ►ccironleters, radiometers. radar transmitters and rcTeiwers,
gravinn • ters, seisnlolncters. and magnetometers. Many. if not ;III, of these will
tin(, „ E )111icntion to 1-ml-th problems, inclndil,g ilie search for new sources. As an
ex:OMlle, the Saul) X-ray cllffractometer developed for use (In n 'Surveyor space-
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craft to make ill ineralogic determinations oil 	 lunar surface nlipears to be
u ► orn effective thr ► u .owe n ► uch h ► rger lrrborator^• insl nunents.

Comparative studies of the planets and their atmospheres, ionospheres, and
n ► agnetospheres, promise increaW d understanding of our own planet. The in-
vestigation of molar-terrestrial relationships ( ,.ill now become the sludy of solar-
plaaetr ► ry reh ► linustrips. If it is Irue, as has been suggested, Ilint the cnmix ►sition
of Jupiter is essentiall% that of the priwordini material from Nrhich the solar
system formed, the study of Jupiter, fascinating and important ill should
also assist ill probing into the origins of the solar systein mid our Fart h.

The important scientific probleois that are involved ill 	 study of the planets,
and their bearing oil understanding of the l.nrtl ► , are developed at leagto in
Appendix V : "The y Planets," i)y Dr. R obert Jastrow. Director, Institute for Space
Studies, (:oddal;l Space flight Center, awd Dr. Willirrn ► Brun!r, Program Chief,
I'lanel,ir^ • Astronono, Office of Space `deuce aad Applica,lons, NASA Iiead
quarters.
Prrlln^ ►:vhiJ► nmrmq!lru,vrirltcr,rt.Ylrnnrully (I1? rJ pityxics

Finally, the fourth ilupa('t of space research oil geoscience is the drawing to-
gether of ph ysics, a-tronoar} • , and the geosciences in the struly of solar-terrestrial
relationships, and ill 	 comparntive study of the Earth, Moon, nn(' planets.

l'he investigation of the Moon aad planets has long been in the don ► ain of
astronomy. Now, as; instruments, and later nurn, reach these other bodies of
the solar system. the investigation of them esteuds into the geosciellces.

Modern Earth-based telescopes have made it possible to view the Moon in
great detail. However, the best photographic resolutions have been ()it order
of a half mile, and visual resolutions only it little better (fig. 129). When
Ranger took its pictures of the Moor, figuratively spenhing it put into the
hands of the astronomer a telescope it thousand times as Immerfnl as ally
hitherto available. Objects less than two feet ill 	 could be resolved ill
best of the hanger and Lunar Orbiter pictures ( fig. 130). When 'S'urveyor
landed, it provided the astronomer with still farther improvement in resolu-
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tion, by another factor of one thousand (tig. 131). But ,it that point, because
the spacecraft actually limded on the lunar surface aid dencoustr ► ted the
ability to place equipment and instruments on the Moon itself, it brought
about the fusion of astronomic :cl and geoscience interests iu limar geologic
investigations.

The contribution of space science to planetary geology is reviewed in Ap-
pendix VI: "Ylanetology," by Verl It. Willnarth. Program Chief. 1'lanet0lo_gy.
Office of Space Science and Applications, NASA Headquarte rs.

In a similar Nway, studies of cosmic rays, plasn ► as, and magnetic fields in
space, and of their relationship to the Earth's magnetosphere, have bniught
physics and geoscience into a close partnership. The physicist tinds iu the
magnetosphere and iaterpl,uletary space a gigantic laboratory in ^\ Nch he c ;fin

study plasmas and magnetohydrodyuan ► ics under c • ouditioas not :afforded to hint
ou the ground. IIe is even able to conduct some controlled experiments as Nwas
clone its the generation of artificial radiation belts by high :dtitude unclear
explosions, or as may be done by flying high energy particle acceler ► tors. and
then using satellite instrulucentation for measuring their effects on th- m:cgneto-
sphere and upper atmosphere. But iii pursuing these studies, the physicist is at
the sane time tac• klin.r problems of great interest to geoscience. These points
-ire discussed in more detail icl Appendix IN'.
Physics

The principal importance of space to the field of physics is in providing
what amounts to a gigantic new laboratory for the co ►► dttct of research. We
already touched Upon this point briefly in mentioni ►► g the growi ►► g partnership
between physics and geoscience. The vacuum of int,rplatnetary space is just
not attainable in the Earth-based laboratory. In this vaclliltlu, the plasmas and
magnetic fields furnished b y the Sun can 1 ►e 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 ra ys of far greater energy than c •a ► c 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 fnndameutal
particles and the ultimate structure of matter.

With satellites and space probes, exlwricnents can be conducted on the scale
of the solar system. With our developing manned spaceflight capability, even
those recpniring 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-
accurac• i" involved snake it important to pursue other methods of investigation
as well.

The fundan ► ental 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
Earth and Moon, may permit us to use the Parth-Moon system as a detector of
gravitational waves. It is suggested that 'tucll waves may be generated by super-
novae ex plosions, in which vast quantities of matter are destroyed by conversion
i nto energy. Or perhap.= through otber measurements we may be able to detect
-,whether the expansion of the universe has an effect on the value of Newton's
gravitational eonstant, which gives the strength with which. matter attracts
matter.
Astroi ► on ► ll

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), augnlented 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 soine of the most important information about the
galactic medium and proc esses. such as the birth, evoluton, and demise of celes
tial objects, is contained in the Y-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 . -,-ray sources on the celestial sphere (fig. 133). Such intense 1-ray sources
were not predicted by astronomical theory, and their discovery has raised nu-
merous difficult questions. The explanation of these sources is ono of the major
astronomical problems of the day.
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The discovery of X-ray sources by space teclu ► iques, and of the very puzzling
radio galaxies and quasar„ by ground-based techniques, underscores a very im-
portant point. In the future development of astronomy, both ground-based and
space techniques must and Nvill 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 Its the 31t. Nilson or Mt. Palomar observatories, the
orbiting facility would consist of numerous specialized instruments (fig. 134) :
it large optical telescope for stellar and galactic research, some smaller stellar
telescopes, solar instruments. and probably 1-ray and radio telescopes. These
telescopes would be outfitted with spectographs, coronagraphs, and a variety
of detectors in various wavelength regions. The facility Nvould be basically au-
tomated, but man tended. In normal operation, it would be controlled remotel;
front 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 telescope mirror surfaces, to accomplish routine
maintenance operations or make necessary repairs, to update equipment or add
new feature-,, and soInetimes to conattct photographic astronomical missions.
For this last operation, photographic plates would be exposed, using one or
more of the telescopes, anti then would be returned to Furth for processing rind
analysis. Such an astronomical facility, once established could remain one of the
basic tools of astronomical research for a long time to come.

These points are elaborated in Appendix A'II : "Astronomy as a Space Science,"
by Dr. Henry Smith, Deputy Director, 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

FIGURE 134
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at a time when so ► ue of the most flu 'dalliental questions about the phy,-1cs and
chemistry of lift , are yielding to the penetrating researches of modern biology.
The fund.imental roles of deoxyribonucleic acid (DNA) and rihonucleie acid
(RNA ) in biological materials and processes, the genetic code, and the chemical
basis for memory processes, are lw(coiuing 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 philo::ophical
impact.

Life on Earth is ubiquitous. Virtually everywhere we search for it, we find
it. often in microbial form. It shows up in the dr i est of deserts (fig. 1:3.5), and
in the hottest (fi g. 136) and coldest (fig. 1:37) of climes. There fire even worfns
that live in glaciers (fig. 138).

Life ha. 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 crystal, and upon being resupplied with
water revives and resumes its normal life cycle.

Th y • chcn ► istry of life is remarkably uniform. The nucleic acids :uud proteins
are invariably basic constituents of living matter. The very complicated DNA
molecule, deoxyribonucleic acid ( fig. 143), furnishes the means by which genetic
inforuu ► tion is stored in the cells of living organisms, and by means of which their
growth and sl"-ialized development are controlled. Man y organic molecules
have right-handed and left-handed forn ► s. 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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III su ► 11, the chemistry of life oll E:11-111 is such as to mggt-st I11.1t given 1111'
right euvirounlentul conditions :lull adequat y time, life Ntill iuetil:lbly result.
1''nrthernnlre. it appears highly likely Ihat the hasie cbe11listry of life Mill be
the salve \vherever it is found.

This is iliv frail-work in which \ve are investigating the heh:ltior of ter-
restrial life ender space conditions. RS sending various forms of life aloft ill
satellites mill space probes, Nte cal ► search into what are the rehllhe rules of
cheul ; strt :lull of Earth conditions, Such as gt• atitntion ;111(1 Ilse d:1y-Bight cycle.
in fill- etolulkon of life and life processes as we Ilot; knot Ihe11l.

This is als() the frmllvwork ((f interest ill the possihilily that Ihere Ina y he
some forums of life oil Mars or 1'('nns. Envil •oninental conditions (ill .1I:Irs nuty
\\-ell 11 :1te heels adequate for the formation of life, although the app:u •"Ilt lack (f
watel • rai:. es sel • Iolls (14011111.s 111 the 111inds or ::ollre scielltists. The app:11'elltly high
surface temper:;lure of Venus, abort- the niel*ing point of lead, is too !lot for
life. But sotlle	 suggv c that illlpfote(I tem1wraturt- inwasmvilll'lnts
may silt that till'	 11'ro(, IN eollsld('r:Ih11" eo( ll-t' lllan hoist sciellt kl, ino1\ belic'1•e.
Others suggest th:lt nl( l uumins o1- perhaps till' boles on Venus may provide a
lellllrer:lfe elltil•milliclit. In eithel' (;Ise, Veillls Might he call:lhle of sllpp(ii•ting
Ow detel11ll11n'ut and presl'rtatioll of life. Wt . re life to he found ill :In ether pb(net.
our experience oil Earth suggests that it Mould he basically Similar to terrestrial
,ife ill its ch('ulistry, llnti11 ., peen forme(1 (mdvr different. conditions from those
4n1 Earth, h(meter, extraterrestrial life may shoe- solve signiticant large-scale
differences. The cololl:lrison of this similar. yet somilm-Iat different. life \tit11 that
on Earth shmild prove most illuminating to biological research. Moreover, there
tuay he 11lnch fo learn of the chemical steins to\vard life on it pl:ulet tultno(litied
by the activity of li\ ing orgmii,sms. hence, even it' life is not found oi, Mars or
Venus, the illtesti;,atiorl (1f flit- state of evolntiou of the 111a110's chemistry will
still be ialp') • taunt biologically.

Voyager is the long-terns program for the exploration of the solar system vwith
histrlinient 1111111:clued space( , rift. 'I'll(, systematic intcstigation of Mars is pres-
viltty :I III:0111 • (llljectivk . of the	 uy:l:,rer lrrogrmn. The sclenlltic (1h ,lectl\es are di-
rect(A partic111:11-ly tcr l,tard obtaining information ()it uatmv :I11d l-x!stenee of
extra-terrestrial life, and the c•haracter!stic•s, evolution, and environuleut of the
1(l met. '1'h(' fli-t operational mission ill this series is scheduled for the 1973 Mars
opportunit y . It. is currently planned to place the spacecraft ill orbit nhcut
the planet m(1 to land instrumented payl(mitis (ill surface. Subsequent mis-
sions to Mars in 1975 and beyond are pl:mned. Missions to Venus and to the
ot her planets are also under consideration.

Iu the Voyager program special emphasis is directed tmv:ird experiments
hating lhiolo^ical relevance. Virtually all information concerning a p1mit t will
have some biologic :11 relevance. For example, ph ysical environmental factors
such as the range ill temperatures and the unture of the atmosphere
gotl-rn the chenlic:ll species and reactions which may exist. Deviations front
in(,rgallic equilibrimn. such as the presence of mixtcres of chemical compomi(k
which ill the long run are thermodynamically improbable ill :Ihsence of life
processes, :Ire of ext reme inte rest. The pr(-sencc and (listrPoition of atinw pheric
Muter valwr and of ground Mater are of crucial importance. The detection
:md identification of organic • coniptainds iu the surface amt subsurface materials
nl:ly provide Vital clues to the chemistry of extrnterrestrial life, extant or
extinct.

Shoul(1 life lie found oil or Venus, this will Virtually establish the high
probability of the fornuition of life «-hencter the envirmimenf:ll conditions
:Ire appropriate.:1n(i slake it highly likel y that lift- exists in other solar systelils
of the universe. Should life not he found on .liars or Venus. this will not estab-
lish the opposite conclusion. but rather will simpl y leave the question ,till oirl'n.

Both lines of research ill space hiology, i.e., the study of tel• 1 • e,411a1 life ill
space :cud the search for extra-terrestrial life, have lwltenti:Illy far-reaching
implications. It is for this reason that, ill spite (1f the deep i1111 ►11rt:1nce, excite-
ment. and interest of the problems under attack in Earth-baked laboratories. a
substantial number of competent researe: -ers ill life sciences have chosen to
devote a sizable effort to space bioscience. A more detailed dis;wission of the
objectives and opportunities ill 	 important field is given ill 	 VIII :
"Space Research and Progress ill Science," by Dr. Orr E. Reynolds.
Director, Bioscience Prograins, Office of Space Science and Applications, :NASA
IIeadgt irters.
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The impoet of spare rescarrlf on aradf-mic institutions
Spice science has become nn important field of invest igat ion in our universities.

Because of the substance and importance of scien c e problems that Ave can now
attack in the ;.pace program, it is essential that we strive to achieve a stro -fig,

working relationship, a partnership, with the sc • ientitic cou ► m inity. Vonnl ►etent
first-raite scientists fund their students are interested in fill(] recognize the ina-
portatnvi , of space science. We are in a l ►osition to invest in their careers or in
a substantial fraction of their careers.

It is this that we nc •c •d to do as f ► country. it is not enough to support an experi-
ment now and then, or here an(] there. That will not produce thi , result I believe
we seek. The result we seek is a sub-tantiil advancement in a uunalwr of impor-
tant disciplines that are bound to underlie our approaches to solutions to prac-
tical problems of a tw •hntcal natnre, that will affect and assist us in how we
tackle problems of all economic and sociological nature, that will also affect how
we view ourselves as we bargain around the political conference table.

The quantun ► of progress to seek is the reshaping of one generation's thinking
into a new collection of concepts for the next generation to reshaal y• in turn. Space
science is doing just that in it number of in ► I ►c►rtant scientific disciplines as
emptnaasized i ►► the previous section.

Reti •anse of the ifnloortaant challenges of space science, over 200 colleges and uni-
versities have involved then ► selves in space research. The major fraction of our
space science research is carried out in these institutions. At p resent. aploroxi-
m ately 170) faculty members and over 2000 gradaate students are actively en-
gaged in space science and technology. In addition. under NASA's sponsorship
ti ► ere are at present some 3W) students now studying for doctoral degrees by
working on space relatedproblems in some 30 academic disciplines.

This l ►artnership with the scientific conuuuaity cmatrihutes high-duality re-
search to the space program on the oil,- hat,d, land enriches graadnate education in
science find engineering on the other. The effect is also to sttrengthen the • national
base of knowledge and understanding. and living competence, which are the foun-
tainhead of all practical teebuicaal applications.

The practical importance of spare acidic(
Following this presentation will come a review of practical applications of

sI ►fac( • ke.cwledge find technology. The value of such applications is clear in the
very telling of them. The in ► l ►ort of the investment in them is in ► n ► ( •aliately under-
standable ill the direct way in which they meet hi main needs and aspirations. Yet
basic resc ,a(rh. of which space science is an in ► l ►ccrtant seginvid, is equally i ►a ► -
portant to the total well-being of our nation. I should like in the next two sections
to develop this point further to explain why we so urgently request your support
of if halanced, vigorou.<, space science effort as aan essential pfirt of our total
national space program.
iI'hat is sciencef

It is with considerable trepidation that I have attempted in the few pages of
Apl ►eudix I1 to deflne what science is. Many authors, themselves illustrious sci-
entist., have undertaken this bask. and have consider(-(] it necessary to devote
whole books to the subject. It i:, a way of life, not always understood by those
wh y ► do not live it. let• its influence rest-4 aal ►c ► n all of modern society, being seen
not only in the objects of everyday living lit also ill our concepts find patterns of
thought.

Science is a dynamic activity. It is not a static collection of facts and ideas.
It is the process by which scientists, individually and collectively, work together
to devise a commonly accepted explanation of the universe about the ► ll. It iaFOlves
observation and measurement, inanginatio r , induction, hypothesis, generaliza-
tion, deduction, test, communication, and ► autuaal criticism, ill as never ending
round of assaults on the unknown or poorly known.

'file scientist observes and measures objects and lahenonueua 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
c • ollec •tion of observations and measurements, and relationships and laws, that
he has accumulated. to develop theories that can ill 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 u ► aiutains at comtir ► ual conu ► nlmication w v ith his colleague in it va-
riety of ways subjecting his results to the close scrutiny of his peers. This com-
► muuication is carried out through the scientific literature, in scientific n ► eetings,
aid in informal meetiu,s .cieutist- to-scientist. So iu ► l ►c ► rlant is the role of com-
mmnications among scientists, in the process of n ► utual criticism whic-l ► it serves,
that one author was led to assert that modern science ix comnmmicotion.

This process or actiN-ity that we call sciviiev has developed its rule oil
basis of hard and searchiiig exicerience. Recognizing that physical science can-
not . ► stain the absolute ill knowledge, the scientists linve soright to, substitute
for the uuoht:finable ahsohtte the attainable nttuost in objectivity. 1'114 scientific
tradition, while demandnig of each indic diml the a ► axim.nm of insight, ingenuity,
hmigimitiom. disc-erimwi;t, and iaN-ention,--t lilt t is, 111,. utntc ►st in subjectiv ity,--
t► eN-ertheless .-N-rings wit as l , ,uch of the personal equation as possible in denland-
ing that the individual subject his thoughts and results to the uncompromising
scrutiny of his skeptical 1)(4 , rs. This tradition the utembers of the scientific com-
► munity accept without reservation. This acceptance- hires to science and scientists
:! tu.ity not only of knowledge but of method that encircles the world and
transcends political divisions.

191is then is t1w by which scientists throughout the world join hands,
as it were, in advancing htunan knowledge. 9M ► is is the prcxvss from which
come the kn. ►wlellge, ideas, and principles ust4l in praaieat applications of a
technical nature. Moreover, just as practical returns stem from scientific re-
w-arc • h, s+ ► does scientifle research benefit frc ► !u the practical results of applied
research and development. The achievements in electronics, 1 ►cmer supplies,
structures, materials, rockets, etc., contribute fully as much to the advaneem ent
of sciewific techniques as results of science did to make the engineering achieve-

	

m ► ents possible. III 	 partnership of science and technology and engineering,
science plays a role of especial iiaportance to our society.

Tile iniportari e of sciencc in wir socictl
The reward of knowledge is in practical 1 ►enefits to In • found throughout the

xi-orld. In addition to these tangible benefits are the intangible ones of increased
understanding oil jNirt of humans of their plac- in the schen ► e of things. The
1xittle against ignorance is a never ending one, b, + each new c 'oneept, accepted
as the result of increased understanding, has its beneficial influence on the
enligt► tenment of mankind.

Today, !many of the world's population are aware of the world as a body of
a solar system in a galaxy an ►ong millions of other galaxies. These people can
iwrceive of man in a historical and cosmological perspective that did not exist
im centuries 1 ►a ,;t. It may lx , hol"I that, as this understanding and these concept
vgoread to more and more of the world's people, this common bond of understand-
ing NN ili give not only incma yed niotivation to solve peaceably the problems that
heset the world, but also increased metti , for doing so.

Rccrntly a eolh^ague of mine had occasion to review the history of research
imtu the nature of vIvOricity. A sketch c ►f that hi-rory is attached as Appendix Y:
• A Brief Ilis-tory of Research in Electricity," by Dr. John Naugle, Deputy Asso-
ciate Administrator for Spa a Science and Ai ► i ►lic 'ations (Sciences), NASA
Ileadouarters. Tho story illustrates many important points.

At first, progress was slow and sporfidie. Early results appeared largely 1111-
connec4cd. The times when new ideas and observations would appear were un-
prctilictable, as were the siources. Many people from many countries n ► ade funda-
imental vontribut.ions. Because of the wide gec ►graphic range of contributors, no
ind.'1'idual or group was in a positiGn 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 I)ay, 1921, when
i' iraday constructed the first primitive electric motor, no substantial practical
:111 ►licatioa of the gradually accumulating knowledge of electricity was apl ►arent,
e:en in (-oncept. To-- years later, in 1931, Faraday showed that if voltage could
be generated by moving :t conductor through a magnetic field, and thus estab-
lished the basis for the elect: is 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. hotting, automobile ignition systems, electronics, radio and television,
industrial process controls, automation techniques, and mammoth computers, are
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but a u ►ere beginnirng 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: mathematics, mechanics, physics of
fluids, states of matter, the geosciences, chemistry, and biology to name but a
few. Similar lessons may be drawn froth all these histories. Chapter X of A
SHORT HISTORY OF SCIENCE, Doubleday Anchor Books, 1909, 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 :ime-lag between the discovery of a scientific
principle and its use to satisfy human needs . . . Thus we shall find that it Nvas
principally eighteenth-century science that was utilised by the industry of the
early nineteenth century, while the great discoveries of the t ime bore fruit only
in the u ► iddle and later years of the nineteenth century.

". . . the application of the first principles of the science of heat to the crude
pumping engines of the t ►► icl-eighteenth century had enabled James Watt. after
1780. to produce efficient engines which could turn the wheels and shafts of
httudreds 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 stean ► engines."

"We may say, indeed. that the electrical discoveries of the period 1800-183: ►
became fruitful only in the period 187G- 1 900."

"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 1508 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 formulae: 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 18:50's ... that
the atomic theory had its triumph, serving in its new form to evolve the wonder-
ful 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 maintai. ► . 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 disci; , lines may
well find their way into solving practical problems.

Our list for this year is contained in Appendix 1I. The examples and ideas
came from NASA Centers and other sources. We have listed the benefits under
several headings: national securit y ; industry and manufacture; construction in-
dustry; communications ; weather; power sources and public utilities; trans-
portation and commerce; health and n ► edicine: Earth resources; food and ag-
riculture; science, education and welfare; social and political. I believe the
Committee Members will find Appendix 1I well worth reading.

In particular, I should like to call attention to a letter from Dr. Edwin G.
Schneider, 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 co 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 it( ,w product ideas all the way through
to the market place . . . The c •i,ticern expressed by various groups over the al ► -
parent lack of transfer of t(4-hno ► logy from NASA and Dol) aplwars to ine to lw
based oil imperfect undcn^tan ► lin; of the cnginecring process and :ui unwar-
ranted expectation that much of the transfer will be ea>ily recognizable as li ! ird-
ware end items." Dr. Schneider identities publication of new information ill
t(whnieiil literature, interchange of dnties of coninierc • ial engineers lietween gov-
ernnient and non-goverilnlent work, and the stimulation by geverninent to In-
dust ry to support their own development of new tool ► p ore capable devices its being
the primary inealis of transfer. These c •oninients confirm our ix-lief that uiuc•h
transfer occurs that is not and call never really be identified. The listings (level-
oped in the NASA 'Technology utilization Program, and the examples included
in Apl)vndix \I lend support to Dr. Sc•lineider's position.

Much of the harvest front toda y's investn ► ent in basic research will be realm-(1
by our children and our grandchildren. In fact, Nvhat we are accomplishing in
basic research today constitutes a legacy which our descendants have it right
to expect front us. Just as today's technical capability rests oil yesterday's
research, so will tomorrow's capability rest oil today's research.

A1, we give strong support to applied research and development, 1weause we
call clearly the practical return and expect to enjoy it soon, we ► oust remem-
her to so%-.• the seed for the more distant harvest. We must keep alive the un-
derstanding of the vital, fundamental, indispensable role of basic research in
continuing technical strength, and sustain the pati-nc •e needed to n ► ake and inain-
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 c •liallengo and c-ati easily be lost through
apathy and tinder it oil ri shnien t, and with it technological leadership.

With yo , , . suplx ►rt I believe we ( ,all our lead. But it will not be
easy. The Soviet puce in planetary exploration, and their mounting pace in
exploration of the'Mooi, pose a real challenge that we can ineet only by maintain-
ing the nionientuin we have built up in our own space program. We ask your
sup1wrt of the President's budget that we ► nay follow through on the good start
that the United States ha ,; made.

CHAPTER II. SPACE APPLICATIO\S PROGRAMS

It is very clear to many of its that the fundamental scientific knowledge
evolving from the National space program will have a profound effect on the
life of roan in the future. There is in addition a very great potential for the
ininu e diate application of space, satellites, and man in .;pace to solve some of the
prohlenis which man faces here oil Earth today—or will face very shortly. It is
this area of NASA's activities that we refer to as the Space Applications Pro-
gra ai.

To i ►araphrase Socrates speaking about 400 R.C.: "We who inhabit. the Earth,
dwell like frogs at the bottoni of a pool. Only if man c(:ulcl rise itx)ve the summit
of the air could he behold the true Earth, the world ill 	 we live." ("I'haedo"
l \- Plato. E. 1'. 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 beets able to rise above our atniospliere -,in(] fully ap-
preciate the power of observing our own Earth front 	 vantage point.

I'm sure that niost of us have b+Tonie familiar with some of the porential uses
of satellites in the fields of con Till] nicaiions and meteorology, but we have just
begun to appreciate the real potential in these fields, as well as the possibilities
'.n many others such :is geodesy, geology. hydrology, cartography, navigation, air
'r:lf (. control. oceanography, and even geography.

I should like to review for you briefly some of the more apparent potential
practical uses of ;pace. Figure 1 .14 categorizes the applications into four inajor
groups: Geodesy, Conininnications all(I Navigation, 'Meteorology, and F,arth
Resources Survey. I will speak to each of these in turn, hilt would like at this
time to call your attention to the fact. that there are many applications or
services that (,all provided by satellites tinder 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 inteii(IM to point up the fairly large

A 1
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SPACE APPLICATIONS

*GEODESY
WORLD GEODETIC REFERENCE SYSTEM

DEFINE GRAVITY FIELD

*COMMUNICATIONS & NAVIGATION
POINT-TO-POINT INTERCONTINENTAL

SMALL TERMINAL MULTIPLE ACCESS
NAVIGATION-TRAFFIC CONTROL

DATA RELAY: EARTH - LUNAR - PLANETARY
VOICE BROADCAST

COMMUNITY TELEVISION
TELEVISION BROADCAST

•METEOROLOGY
DAY & NIGHT CLOUD COVER

CONTINUOUS OBSERVATIONS
ATMOSPHERIC STRUCTURE FOR LONG RANGE FORECASTS

•EARTH RESOURCES SURVEY
GEOGRAPHY & CARTOGRAPHY

GEOLOGY & MINEROLOGY
AGRICULTURE & FORESTRY

WATER RESOURCES & POLLUTION CONTROL
OCEANOGRAPHY

NASA SA 67-2017
2-27-67

FI:;um 144

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 pws;tion 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 Earth inc? 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 hears directl y on our ab?lity 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 ?nstead there are
about 80 more or less independently derived reference sysceuns called datums
(fig. 146). Satellites are being used today to tie these independently derived
datums together with accuracies commensurate with those of the individual
datums.

Of equal importance to the determination of the size an(! shape of the Earth
is a definition of its gravity field. One of the most important scientific con-
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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 questimms. 'Through attempts at answering; these questions, satellite
geodesy has had an appreciable impact on the direction of scierntitic investigation
in mans are, ► , of the Earth Sciences. As an example' one of the first results

aof satellite geodesy was n improved value for the flattening ()f the E, ► rth which
was determined to be significantly greater than that derived frou ► the best
theory available. Suggested explanations have ranged from a gradual decrease in
the Earth's speed of rotation to a lag i ► t the Earth's adjustment to the ending
of the last ice age. The resolution of this inconsistency between the measured
and theoretical Values has in ► lwi-tart implications with respect to the present
structure and strength of the Earth's iutcri ► ,r and its past history.

Our space operations, too, are dependent upon the accurate deseril,tion ► of the
gravity field. As this description improves, we improve orbit predict imis and
orbit control. We will also be able to know >im ► re 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-
Prence 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. 1 .17) around the Earth ",with the required accuracy
and expect to establish several more with the data obtained in 1967.

We have also in 191it; 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

FiouRF 147
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surface, the tracking of laud ► notions (Earth tides), and ill 	 support of our
Earth Resources Survey and Earth Sciences Programs.

The geodetic pn)grana is not uuly a cooperative effort between many agencies
of onr government but, i ►► addition, geodesy has traditionally served as a basis for
international cooperation. Satellite geodesy h..s furthered that tendency. Through
such organizations as the International Union of Geodesy and Geophysics
(I1'111G) and the Committee oil Space Resear.-li (CUSPAR), many nations are
continuing to work together to set clown requirements, plan observational pro-
gram., and share results.
i"oniannnirlition8 and navigation

We are all familiar with the fact that Nve have already established the teell-
uology for the use of satellites for large volume point-to-point or intercontinental
c01111Mnaicaations. The current satellite systems are bringing about healthy com-
potitiou with the older conventional systems such as cables; this is evidenced
ill reduced cable and combined rates, a long-term sating that comes back
directI 'y to the individual citizen. We are proud of the role that NASA has played
ill the developnaeiat of this new industry and Nve are continuing to support the
launches required by the Conlinui ications Satellite Corporation as stipulated in
the ('o ► uninnications Satellite Act of 1962.

Rut the ImAential 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 linnibers. Today, economic use of satellites is restricted to large
volume traffie through a rather small number of eery large ground terminals
which cost millions of dollars. Foreseeable increases ill satellite size and power
will perinit economical direct participation by even larger numbers of smaller
traffic-producing areas in satellite systems. Achievements of large-scale multiple
access to relatively sinall and inexpensive Earth terminals could ultimately
make it economical for many inore 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.

SATELLITE COMMUNICATIONS CAPABILITIES
POINT TO POINT MULTIPLE ACCESS NAVIGATION /TRAFFIC CONTROL
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If we carry this small station capability one step further .u ► d combine it with
a imsition determination capability wing that dune satellite system, %re can fore-
S(4 , the develolanent of an air and sea navigation :tud traffic control satellite
systeu ► in combination Nvith nor ► nul communications fun	 nctios. Such a c:cp: ► hility
is already needed on the North Atlantic air routes to permit a cl' ► ser and safer
spacing of aircraft %vithin the optiu ► un ► :01. 1:111es and to pro1• ide up-to-elate
Nveather and sea state information to pilots :uul ship captains in order to improve
the evonc:my, comfort, and safety of their journey. Ill ease of accidents or
other emergencies, this co ► nmnnications and location capability could he of great
help in alerting rescue forces to the em e rgency and in directing theoc accurately
and expeditiously to the scene for rescue operations.

We have already nim-ed a 11mg step forward in our abilit y tocommunicate with
small terarinals and with aircraft Nvith the technology heing developed in our
current .Applications 'Technology Satellite program. ATS-1 is living used in ex-
perimental prograws to develop our multiple access cmuucuuications capahilit .
and our ability to communicate with aircraft, as shown in figure 14:1. Nine cu ► a-
mercial airlines. both foreign and domestic, as Nvell a ,, 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 spare
program for lunar exploration, and interplanetary and galactic exploration, that
we shall need the help of data rela *• satellites to provide for the high comnnu ► i-
cations capacities required. A data relay satellite system about tl ► e Earth could
minimize the requirements for continuing expensive major additions to the global
network of tracking, command, and data acquisition stations. It could pr(N.lude
the necessity for carrying on hoard satellites the data recorders \vhich are cur-
rently necessary because many satellites are out of sight of data readout stations
for a large percentage of their orbits. Such recorders ha -e been a constant rc-
liahility problem in our current scientific and applications satellites, :end have
often been the limiting factor in useful satellite lifetime.

FIGURE 1.19
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Lunar and phmetary orbiting data r elay satellites could provide fur continuous,
eominlndva tions with orbiters auad landers Nvheu they are obscured frou ► the
Earth, and could ulillivaize power re4lnired oil the research spacecraft or
lander for colauouuications over the interplanetary distances back to Earth.

As our ability to fly larger spacecraft and carry auore loo)"'er into space pro-
gresses, It will be possible to provide for television transinission for community
services, i.e., to specially desigmel receivers at costs that might be practical for
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
ouauy ground transmitter stations required today to cover large areas.

As we progress further, the direct. broadcasting of voice or eventually even
telt,vision through a satellite to conventional radio or ielevision sets in the home
► oay be possible. The satellite size all(] lm)wer requirements for the latter dictate
that such systems canttc ►t be made available until near the end of the next decade.

We recognize the many Ia ► lic • y problems involved ill of these applications
of space, such as bromh-ast ing. The United States is st udying and developing the
potential and the technical Ix ►.ssibilties Ill these areas and is seeking technical
solutions to aniuiinize problems of international and political concern. In this
regard, NASA plays all active role ill other agencies of the Government
on these applications.

In addition to being of potential economic benefit to the United States and the
other advanced nations of the world, exploitation of this application of space
(-ould result in important political and social benefits to developing nations. A
voice or TV direct broadcast capability could bring the advantage of modern
mass cotntnnilicaations 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 ill
use. In purslting the development of such a capability the United States could
eleuu ► nstrate to the world the vigor of our space research and development effort,
and our willingness to »se our strengths on behalf of those developing nations
which are currently unable to participate in space activity.

Finally, all 	 aspect of our effort in space comnlunieations is to deter-
uaiue how we (,all one of the Nation's and the world' ,a mo.,# valuable re-
sources—the radio frequency spectrum. The spectrum is, after all, absolutely
liulited by physical laws. With space systems we may be able to use effectively
:areas of the slxg-trunl not u^aablc ith Earth-base ql systems. By more effective
utilization of those frequency bands in which the space systems are efficient, we
can nlilaiinize the Eartli-based system Ilse demands on the spectrum. AQ a matter
of fact, ill cases we have found it Ixls--:ble with our satellite systems to
share frequencies with Earth-based communications services. Thus we can make
dual lisp of areas of the spectrum without interference between ground and space
systems. NASA works closely with the Office of Telecommunications Manage-
nlent. of the Office of Emergency Planning and its Interdepartmental Radio Ad-
visory Committee; and the Federal Communications Commission on these matters.

Ifetcorology

Meteorology is another major field that has already utilized the vantage point
of space III operational system. This operational system provides daily obser-
vatiu ►► of the global cloud cover (fig. 150). This cloud cover is the mist visible
and dramatic indication of the dynamic -itate of the Earth's atmosphere. In
addition to a determination of large scale atmospheric circ-ulations, delineation
of jet streams, mountain ice waves, and wind shears; such presentations reveal
storms and the tylw of the storm, and permit monitoring the progress of storms
frc ► m creation to dissolution, thus providing it sound basis for issuing warnings.
e ► ue of the most striking benefits accruing front 	 current satellite view front
above is our ability to observe the birth, progress, and death of the kind of
major storms that leave major disaster ill 	 wake when they are unforeseen.

In 1We6 we saw the establishment of the operational sateMte system for the
Environmental Science Services Adnainistraation (I:SSA) based oil satellites aad
instruments develoloed in the TII O S and Ninibus 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 call predicted and indicates by the stippled
area the capabilities of our current operationul systems including the TIROS
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ESSA-3 24-HOUR WORLD CLOUD COVER,
OCTOBER 31, 1966
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Operational Satellite (T08) or I:SSA satellites. The extension of these calmhili-
ties its inllirnted by the barred and cross -hatchod ;trees will he oi sc • nssed later.
The cnrreit systems lwrmit forecastiig the heliavior of huger scale weather
1 phenonn'non including storms of the scale of hurricanes and c'ycloies over a
1 period of one or two days.

The 11ti11ity of the ln•cdictions within this sti11111c-1,1 area will he inllprovecl
greatly when nighttime cloud cover observations hec'on ►e available. The 1wriod
between observations of a parflc • ular area would then he reduced from 2.1
hours \vith f ill , 1'111-1 •cut daylight clottcl cover observations to 12 hours with both a
clay and a iigltt observation. '1 11e vlmmzing; choracteristies and behavior of
storm y (.()I g lu he more closely monitored ;toll their future 1 ►ch;:vior predicted.
Such a ElMlltiale ( . 1411111 cover observing capability w;ts clevt'lnlw(l in the \inlb11s
l ► rog i-mn and will be incorporated in the next generation of oln'r;tti41i;Il metero-
logiv;Il satl,ll j ivs towards theend of Ihisdecade.

The current operational s} •stein supplies only periodic observations of a given
local ion. I lowever, many of I he most violent but small scale storms such as torna-
d(ws will thundersowins havv durations mf oily a few hours, and can develop.
wrvok 1mv111', ;11111 dissipate N\itlimit being, observed by such satellites. '1'o provide
adequate Nvariiig; mf Ihese stornis, there must be a c'almbility for continuous obser-
vation of localized phenolnena. A satellite in synchronous orbit orers the l ►c ►ten-
tiality for the required continuous observations and would permit short terit fore-
casting of these events as shown in the barred area of the chart. Dramatic prog-
ress was made toward develol ping this cul pability in 1066 with nn Almli,'ations
Technology Satellite, ATS—I. The camera system used was a spin scan variety
and provided frequent pictures of the whole Earth's disc. Pictures c •an 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 03 minutes apart on
January 24, 1967, is shown on figure 152. Although the general features al ► p ►ear 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 s141rnl located in the upper left of the photogral phs, starting; with the one

A MORNINGS WEATHER
SEQUENCE OF ATS 1 PICTURES OF THE PACIFIC ON IAN 21.1°5",

A, : I "115111 •PCr1 ^x C[1. Wfl .. 11 "r!'

01 011 r

0?.1 A r

^	 IL

10 )AA r

10'

10 SIArr	 IIIIA r	 11 mA r
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1HE WEATHER CHANCES-DAY BY JAY

SIOMCI Of A1S-1 ncroNtS of IN PACIFIC
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nGURE 153

labeled 09:03 A.M. Though this type of data is very new, some progress has
been made toward determining Nvind 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 titure 153. T'::i,
sequence clearly shows major weather patterns moving, disappearing, :Ind reform-
ing on a daily basis. The great potential value of obsem-ntions such as these
has been reeobpiized and forms the basis for plans for the estnblkhmvnt of a
synchronous operational meteorological satellite system

«'Idle the short range predictions of the weather are IIIIIH ► Ptant to our daily
activities and in the saving of lives aml property. the utility of that service
would have a funny fold increase if such predictions could be extended over n
longer period, perhaps as much as two weeks or more.

The National Academy of Sciences-National research Council in ;1 1: ►G5 ^elx9rt
estimated the potential savings to the United States alone us a result of such
long r:ulge forecasting couhl Approach '?. f/•_, billion ► Ioll:Irs annually (Ecommnil-
Iivuvtils from Oceanographic Researcb, NAS NRC Publication 1228, 111(1: ► ).

The ingredients needs to provide these forecasts are nn ndeJlu;lte model of the
atmosphere, sufficiently large comijutem, and (Imintititive measurements of the
atmospheric structure including such paranieters as pressure, 11•nipernture.
moisture content, and Nvind velocity at v:lrious altitudes on regii1ar periodic
schedules over the entire Earth. Atmospheric models exist raid with additional
eml ► iric •al data can be refined. ('omputer technology exists today. It remains
only to develop techniques for the acquisition of tlfe atmospheric structure data
(as indicated in fig. 151) to make lx ► ssible the 1 to 2 week forecasts of larger
scale weather.

The World Weatber Watch (WWW) Program was established i ► }• the Wor111
Meteorological Organization (W.N10) in recognition of the possibility- of realiz-
ing accurate extended forecasting. Misic to the implemelltntinn of the NN'W«' is
the development of the approuriate satellite systeuls. It is 1111 , priule purpose of
the Nimbus research satellite pfogram to develop this technology. In this pro-
gram techniques and sensors are being developer: to probe the atmosphere re-
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► hotel;' aarad dirc(•tly. Using the radiation emitted, a:hsorhed. it ii reflected by
the I :rtla and it s :atmosphere, satellite instrumentation Nvill provide the measure-
n ► ent oftIo- required pararaaeters of the atnaosl ►herie structure.
Earth resources store y

As the world's population continues to grow, our ,teed to develop, protect, re-
plenish, arad use our natural resour, es wis!-1y hecrnnes more apparent and urgent.
The air and atmosphere arc resources c.f ' l ► e Iairlh as are the oceans, fresh water,
ice packs, forestA, minerals, tillable land, etc. Efficient utilization of these re-
sources not. only includes discovery and management, but also detection and
control of pollution whi(-l ► is becoming an extremely i ► nportant. factor. In n ► any
areas this need is reaching crisis prolm)rtions. Fortnnately, with the advent of
the space age, now techniques are b e ing discovered and developed to assist us
in ineeting this crisis. For nearly lwo years now, we have been exploring the
Ilse of both manned and autolwitod spacecraft to develop the potential c ►f flying
instrunients in space that Nvill perndt nniclue observations of the state and con-
dition of oar agricultin-ol, water, forestry, mineral, land, and marine resources.
These can he tase .d by resource ► nanat;ers for effective d(wisionwaking. Much
of c,ur work to date has been done with aircraft, and Avith information which
we have been able to extract from data obtained by existing satellites such as
TIROS, Nimhus, ATS, and, of c-oursc, from the valuable photcg,ral ►hs taken by
the astronauts of the Atercury and Gemini programs. Rased oil this experience it
appears that the vantage point of space offers a number of uniquf , advantages
for Earth resources surveys, and we intend to i ►ursue these advantages vigor-
opisly.

In the areas of geography and cartography space offers great promise in re-
ducing the cost of ► capping the Earth, as shown in figrire 154. As the chart
demonstrates, spare photography can greatly reduce the rauwher of photographs
-equired to ul ►,late our national series of topographic maps. Ill addition, it

space photography
is economical

AIRCRAFT

:I 340 stereo models

SPACECRAFT	 f	
1100 control points-

1 sterea model	
680 photographs

2 photographs
3 control points

...........

t_	 40 OUADRANGLES	
1	

1	 40 OUADRANG LES

7Y2 muiule scale 1:24,000

F iGuitt: 154
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MOSAIC & GEMINI 	 PHOTO SHOWING ER RICHART, SAHARA DESERT

MOSAIC	 GEMINI IV PHOTO
ER RICHART. SAHARA DESERT, MAURITANIA

THIS LARGE CIRCULAR CRATER. TD MILES IN DIAMETER. PAS BEEN INTERPRETED BY 0011E AS A EEEIEDR IMPAC • AREA L BY

OTHI RS AS THE RESULT OF AN IGNEOUS PLUG PUSHING UP FROM GREAT DEPTHS AS THE RESULT OF STRUC T URAL FORCES

THE BEDROC II SHOtIN IN THE SPACE PHOTOGRAPH . BUT NOT COVERED IN THE PH OTOMOSAIC INDICATES THAT THIS REGION

HAS BEEN STRUCTURAL+T DEFORMED.

FIGURE 155

should be noted that the number of accurately located ground control points
required to convert space photography to topographic base Tnaps is more than
three-hundred times less than with photographs acouired 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 1)1 ,.otogra-
phy from pace also often provide-, us with a clearer picture of mar.y large
geographic features than is possible with a Illosaic 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 I fault.-; I 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 1:17 shows
how the position of fault ir.*trsections is related to the location of :mown major
copper deposits in Arizona. .host of the copper ore bodies in this area are lo-
cated near the intersection of major faults.

Satellites can also be of great Value in gathering data throligh space
photography which will help us determine arable land as well as soil which is
not suitable for a--riculture to unfavorable salinity or other 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 mach higher
salinity than the areas where the cotton is healthy. Similar infrared photo-
graphs, such as fi-gure 159. can show the onset of the insect disease in our forests,
the diseased trees showing up different l y on infrared film. While these films
were taken from aircraft. we believe that appropri/Ete surveys of food and
forest areas can bP made from space and that the data can be handled auto-
matically by (-omputers to distiniitish the conditions of '_he varillns types of
crops and soils.
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LEGEND

1. HEALTHY COTTON

2. UNHEALTHY COTTON

3. BARE SOIL

4. PIG WEEDS IN WET
AREA, MINOR SORGHUM

5. PIG WEEDS ABOVE
SHORT SORGHUM

6. DRY TOPSOIL BETWEEN
ROWS OF SORGHUM

1. BARE SOIL BETWEEN
ROWS OF SORGHUM
HIGH MOISTURE CONTENT

FIGURE 158

We (-all do a great deal from space toward surveying our fresh Nvater situation.
Figure 160 indicates that lake colors can be correlated with the biological, c • hemi-
(al. sediment, and pollutant content. We have also learned that infrared itnag-
ery can be utilized to locate fresh water which is escaping along our coast lines
( fig. 161). It hats been estimated that such water losses of this type ntay amount
to about one-sixth of the total fresh mater available to our ever-increasing popu-
lation. After detecting such escape areas it is 1 ►ossible to save this water b
Ioc •ating suitable water wells inland front theta. Using infrared techniques, we
have also been able to locate areas of water ^vhich 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.

Glacier. are an iml ►ortant source of fresh water and their growth and de-
cline ( fig. 163) are very sensitive indicators of the available stlpply.

Satellites such as - inlbus have demonstrated their capability for monitoring
the thermal characteristics and sea-state of the oceans which. because of their
vast size :iml dynamic nature. are very diffir tilt to map by any other means.
Figure 1W 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 hawing us develop more accurate spaceborne instru-
ineuts 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 (n-er half of the
fish products consun ► ed ill U.S. annually. The prospects of transforming
fish into a high protein general purpose food NN-hich is currently being viewed
as a potential partial solution to the world food shortage problem will demand
an even naorc efficient world fishing industry. It should be noted that the Food
and Itrug Administration wary recently approved the use of high protein fish
flour for hnn ► : ► n consuutptiot.

Imagery from ^pacv can also ; ssist in snapping navigation routes in coastal
mud sliiml eater areas and in helpin g us to control and counteract silting in our
^►c:^^ r harbors and navigable rivers. Figure 16.i 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

FIGURE 1-i9

GEMINI VI PHOTOGRAPH

OF LAKES SOUTH OF A9DIS ABABA,

ETHIOPIA

DIFFERENCES IN WATER COLOR CAN

BE RELATED TO SEDIMENTATION AND

CHEMICAL AND BIOLOGICAL CONTENT

NA IZ A Ab'-20'6
2-2d-o7

FIGURE 160
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DARK STREAKS REPRESENT DISCHARGE OF COOL GROUND WATER

INFRARED IMAGE (IN THE 4.5-5.5) MICRON RANGE) OF HILO, HAWAII,
SHOWING ESCAPE OF FRESH WATER (COLD) INTO ThE OCFAN.

WATER WELLS SUITABLY LOCATED COULD TAP (HIS YALUw.°!': RESOURCE.

NASA NO U117-IS121

FIGURE 161

SAN ANDREAS FAULT ZONE, CALIF.
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INFRARED IMAGE OF SOUTH CASCADE GLACIER AREA

FIGURE 163

the bay shelf and sand bars show ill) in this imagery, and figure 166 shot's the
utility of space photography ill shoal tvater areas. I'ltimately..pace-
Lorne instrumentation may permit observation of the sea-cute and wave
heights of our oceans.

Although it mill not he possible to acquire all of the needtNI Earth re^,(urces
data by sensors located directly in the satellites, it is possible to supplement
such data by locating surface instruments such as buoys. Crater gatlges, strain
g:nt^es, and so forth, of strategically located positions on the surface of the
l" -111. as suggested in fi:;ttre 167. These surface instruments could transmit the
dat;t to satellites which would relay the data to central data handhmg stations

We are excited thont the great potential of this P:arth resources survey area,
:lad we in NASA have been working n• ith all the appropriate and interested
-overnment agencies, including the Departments of Agriculture, Comme rce, and
Interior, as well as many universities and researelt orvaidmdons, to make a
T ruly national asst ,ssnleut 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 hear ul ►(m the solution of the many pressing F.artb resources problems
tt-hich are- being comlp(und(4I by (1111- Iwpulati(m :old industrial gr-(tcths.

-pacc aprlicatiwt.r .,4 iiui ►►trr .1-f r((!.tI

To assist u. hi our program l ► l allllillg and in evaluating the relative innl„(rhulce
of pursuing these various goals, the National Academy of Sciences has agreed
to slmmsor a Summer SN(Iv to be held ill parts ill summers of 19(;7 and
1968. The purpose of the • ndy is to bring to bear the best iwlelK • ndent sc • iell-
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SAMPLE OF USEFUL EARTH RESOURCES DATA OBTAINED BY NIMBUS II

NIMBUS II HIGH RESOLUTION

INFRARED WAGERY CLEARLY

DEPICTS THE GULF STREAM.

TEMPERATURE VALUES IVERE

DETERMINED BY MICRO-

DENS H ON1ETER.

NIMBUS IR IMAGERY CAN BE

VERY USEFUL IN DETERMINING

THE LOCATION, DISTRIBUTION,

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.
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NASA HU SA67-15431

FIGURE 164

FIGURE 165

VIEW Of THE MOUTH OF IHE

COLORADO RIVER
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GEMINI V PHOTOGRAPH OF GREAT BAHAMA BANKS

rasa 'nb7-1o,3

FIUURF 166

FIGURE 167
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title 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 sunimarizes
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 outlook and views of potential users
and people knowledgeable on matters of broad policy and economic implications,
as well as those of scientists and engineers.
S as m ina ry

In the foregoing discussion I have attempted to illustrate some of the more
apparent and more iininediate applications of space. The Space applications
that have been reduced to some operational practice such as eonununications,
meteorology, navigation, and geodesy, and those that will be developed have
had and w1ll 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 moms
through intercontinental television. A new industry has been established.

:Meteorological satellites are today providing a major input to our daily
weather prediction. Satellite utilization for navigation, traffic control and
search, anti rescue purposes NN ill 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 our natural an(] cultural resources must be neiM-r under-
nor over-estimated. The prudent and effiicient utilization of the re-o urees avail-
able to us on Earth is mandatory and urgent. The role that satellites can and
should play niust be developed with a sense of urgency.

Progress in the future, however, can be expected to proceed at a much more
rapid pace than in the past; for the spare tools of today are much more sophisti-
cated than those of a few year.i ago. Launch vehicle capability and reliability
have grown considerably. The establishment of a manned capability in space
will hermit more rapid development of required technology and instrumentation
for subsequent tran.,;fer 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 meteorology
that the U.S. enjoys this position today. It is 1weaiise of the support of Congress
in Me early days of the Space program that research and development programs
wer p- successfully executed, resulting ill new coninmilications calpahilitN ail(]
in the beginning of the global understanding of the weather and our Earth itself
tha 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 onr everyday lives here on Earth.

CHAPTER III. RUDGFT 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 scientitte exploration of space and in the
practical application of space flight to the benefit of man. four Committee may
Justly take pride in these accomplishments, for, without ymir 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 in p ut continue to press for-
ward with this vital program. 'flue 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 oil a history of olit-

standing accomplishments in space about the Earth, the 11loon, and the planets.
The 1966 series of dranultie successes Nvith second and thin g generation alito-
mated spacecraft demonstrated striking advances in the utility, durability,
versatility, and effectiveness of this equipment. The flights of Nimbus I1, OGO
III, Surveyor 1, Orbiters 1 and 11, and the Applications ' vo-hnolugy `alellite I
were hiJnlights. The scientific and practical significance of the results nt • this
program ha ,.e been described in the preceding chapters.

Those ofyou who worked with us (luring the early years of the sp ;ice prugrann
will particularly appreciate the mission record for Calendar fears 1965 and
1966 (fig. 168, fig. 169, and fig. 1?0). Twenty-three of the 28 NASA science and
applications missions were successful. In addition, all :c non ^.1`:^ developed
payloads and the joint U.N./Canadian Alouette, for which we hell vehicle re-
sponsibility, were successfully Munched. Further the Atlas Centaur development
program Nvas successfully complet- 1 and Centaur was used to launch Surveyors
I and II.

Level of activity
The Space Science an(! :applications Program is at its I ►vak level of activity—

and accomplishment. All but twc of the many automated spacecraft vystenns
begun since the start of the space program have achieved a fully developed
status. Many have 1wen ur will soon be phased out, having successfully achieved
their objectives. The tinge has now come to replace those objectives set in the
early 19t,'0's with equally ima ginative aIld challenging goals fur the future. There
are many important opportunities front which to choose.

Because of ,budgetary constraints, it was necessary to operate t1w Space Sci-
enc•^^ and :Applications Program at $607.1 million ill Year 1967, as sunn-
marized below and in fig. 171.

Space Science and A pplications Program Fiscal year Fiscal year Fiscal year
19W 19(i1 I"

Physics and astronotny- 	 ------ $142, 753, 000 $129, 84M). (MM) $147, 5M, (110
Lunar a nd planetary exploration _ _ _	 - - - - - 204, 300, 000 169, 400, 1MM) 142, 000,000
Voyager ---------------- ------------ 17,096,700 10,450,000 71,50L.,ON)
Sustaining university program -------- 46,1x)0, 000 31, 000, 000 20, 000, 000
Launc• hvelucle(tevelopment--------- 57.790.000 31,200.000 ---	 ----------
Launeb vehicle procurement__ _ _ - - - 17 K, 700, 000 122,4M, (1M) 165,100, 000
Rioscience ------..	 ------------------ 34. 400,000 01x41,550,) 44.300,000

Space applications----	 ------------- 7S. 0.53, 000 71,300,001, 104,21M►,000

759, 09'2, 700 I	 W. 100, 000 694.600. 000Total -

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 thestc actions has been to reduce
flight activity in the present progralu to about 30% of the current level by 1970,
with a corresponding serious reduction in anticipated results. The I're.%ident's
Fiscal Year 1966 budget will enable us to reverse this trend and will give us at
opportunity to hold the tradership in space we have so laboriously won. We feel
that the outstanding results of the program to date full y- justify your continued
strong support.

Iit Fiscal Year 1968, all i1 ► the budget for the Office of Sp; °e Science
and Applications (OSSA) is proposed. This budget of A694.6 million is never-
tlwlcwi below those of Fiscal Years 1964, 1911:►, or 1966 for this program. It will
provide a sufficient level of activity to insure capitalizing ill 	 1970's ()it some
of the opportunities which lie ahead.

The imin ► rtanc•e of this ijudget to the flight program is illustrated in figure 89.
This chart shows the flight activity iin the Space Science and Applications Pro-
grain 1960. The nunnber of launched or scheduled missions is seen to de-
crease rapidly to zeal ft the early 1970's. Additional missions included ill
Fiscal Year 1968 budget are shown to fall oft' 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

MISSION RECORD CY 1965-1966

CY 1965	 SCIENTIFIC SATELLITES	 CY 1966

EXPLORER	 XXVII ............................ .SUCCESS EXPLORER	 XXXII..	 .I ..............	 -.-	 ...	 .. SUCCES5

EXPLORER	 XXVIII ........................... SUCCESS EXPLORER	 XXXIII	 ....... I ......................... SUCCESS

EXPLORER XXIX ... ....................	 SUCCESS ORBITING ASTRONOMICAL OBSERVATORY I_._- FAILURE

EXPLORER	 XXXI ............................. SUCCESS ORBITING GEOPHYSICAL OBSERVATORY III .......SUCCESS

OSO	 11... ...	 ...................................... SUCCESS BIOSATELLITE	 I	 _.	 ............	 . .... ,.._.. .......... FAILURE

050  ......... . ........................VEHICLE FAILURE

OGO	 II.	 .... ...... I ..... I ...............	 ..	 FAILURE

ALOUETTE	 II ................................. SUCCESS

NASA 567-602
1-5-67

FIGURE 168

E.PACE SCIENCE AND APPLICATIONS

MISSION RECORD CY 1965-1966

CY 1965	 r iic SPACE PROBES j	 CY 1966

RANGER VIII ..................................SUCCESS	 PIONEER VII ............ ....._......

RANGER IX ................................... SUCCESS 	 SURVEYOR I.........................

PIONEER VI ................................... SUCCESS	 SURVEYOR 11.......................

LUNAR ORBITER I ...................

LUNAR ORBITER 11- ................

.SUCCESS

SUCCESS

FAI'.URE

SUCCE SS

SUCCESS

LAUNCH VCF ; CLE DL'IELOPMENT

CENTAUR (AC-5) .............................. FAILURE	 CENTAUR (AC-8)	 ...... FAILURE

CENTAUR (AC-6) ............................ SUCCESS 	 CENTAUR (AC-9)	 ...... SUCCESS

SCOUT EVALt ATION (VEHICLE A)...... . SLkCCESS

NASA S67-603
1 -5-67

FIGURE; 169
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SPACE SCIENCE AND APPLICATIONS

MISSION RECORD CY 1965-366

CY 1965	 SPACE APPLICATIONS	 CY 1966

TIROS IX...	 ..c000ESS	 EtSA I ...............	 SUCCESS

TIROS X (OT-;) .......	 ......	 SUCCESS	 ESSA It.........	 SUCCESS

ESSA III .... .... .....................	 ............ 	 SUCCESS

N11.18US II . ..................................	 .... ... SUCCESS

PAC!OS	 _....SUCCESS

A-' I'LICATIONS TECHNOLOGY SATELLITE i .......SUCCESS

NON-NASA MISSIONS

INTELSAT I (EARLY BIRD 1) ...... LA'/NCH SUCCESS 	 INTELSAT II
	

LAUNCH SUCCESS

EXPLORER XXX ................... LAUNCH SUCCESS 	 OV-3•-	 LAUNCH SUCCESS

FRENCH I ..........................LAUNCH SUCCESS

NASA $67-628

1-5-67

Fict—E 170

SPACE SCIENCE AND APPLICATIONS

BUDGET HISTORY

LAUNCH VEHICLE PROCUREMENT

LAUNCH VEHICLE DEVELOPKAT

MILLIONS
OF

DOLLARS

800

100

600

S00

400

SPACE APPLICATIONS

LUNAR L PLANETARY	 \^` VOYAGER

300

200

100 r0
FY 1962

PHYSICS AND ASTRONOMY	 `- - - - - -

-	 SUSTAINING UNIV(RSIfY PROGRA^

1963	 1964	 196E	 19 6	 1961	 1166

NASA W-6W

nGURE 171
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program beyond that [late will depend on Fiscal Year IWO and later funding,
but it is our intention and conviction that the space science and applications ac-
compliA ntents of the 1970's will be even more productive than those of the 1960's.
Fntnrc opportunities

New mission activity which is covered in the Fiscal Year 19M budget N shown
in figure 90, along with the funding required in that year. Each of th.-se projects

€ will be discussed later. By way of introduction. however: Voyager is a major
program of great importance and far-reaching si-nifleanec ,. I4ecause of its im-
portance, specific authorization is being requested. It is designed to explore
Mars and Venus with the combined orbiter-I glus-lander teebnique use{i so success-
fully on the Moon. The first flight would be a Mars mission in 1973. Fiscal Year
1964 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. irjeei itself and the landing
capsule into planetary orbit, and continue to function in orbit as a scientific
observatory. The teebnolocy for this system evolves directly from Mariner.
Orbiter. acid 000. The 5000 to 7000 pound entry capsule and landing system
evolve directly from Surveyor and Alxtllo technologv. This system includes an
automated surface laboratory weighing from W* to 1 500 pounds. This; lal:oratory
will conduct physical, chemical. and biological experiments under the direction
of a team of seiep tists on Earth. Two complete systems will be launched with
a single Saturn V launch vehicle.

Ifariner 'tars '71 is a project t.) extend the use of the 'Mariner :liars 'C9 design
by including an atmospheric entry probe which would not survive imnact. It
would directly measure and cot firm key atr_.ospheric properties of 'Mars in
rdvatiee of the first Voyager mission, and per p ► it adjusting the Voya ger mission
profile and experiments for optimum nerfrrmanec. Development of the sterilized
probe wc)tild constitute an important technoin gical forerunner to the more com-
plex Voyager effort. The Mariner system would also be adapt-' Ile to Venus flights
lwg:n p ing in 1972. Fiscal Yerr 1W. funds would permit Phase C detail design for
the Mars mission in 1971.

A s a clever approach to their solar studies, the 'Massachusetts Institute of
Technology ha q designed the 'Znnbla_(-r deep space probe. This relatively simple
system of solar satellites world be launched to escape velocity by Scout vehicles.
Immediate initiation of fli ght hardwa re would lead to fli ghts in 11.W.

Preliminary design i Phase R) is proposed for a foie[ Broadcast ,satellite
with Fiscal Year 1964 funds. This s -y -,tem could broadcast high quality FM
voice material directly into the home over continental area.. T:iis type of satel-
lite could be a particular boon to developing nations with inadequate broadcast
ar..l tlistrihniion systems of their own. Ultimately, broadcast satellites will re-
place conventional radio acct television distribution systems with improvement
in dualit y a I rednotion in cost. If followed up with Phase C funds in Fiscal
Year 1969, such a system could fly in 1972.

A new Application.e Technology Rah-1 to 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
de>.ign and initiation of a Phase C detail design. First flight would be in 1971.

The 1 intbiis followon effort reflects our conclusion thr r.t an improved version of
the current Nimbus weather satellite is the best appror.el. to continuing R&D in
satellite meteorology. The need is definitely for heavier instruments, increased
power, and long lifetimes. This is 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 conte=nt 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 scientific
studies of the Earth, Sun, and stars. The physics of space around the Earth en-



NASA AUTHORIZATION FOR FISCAL YEAR 1968 	 419

compasses the atmosphere, ionosphere, and magnetosphere. Solar physics in-
cludes the fundamental processes taking place within the Sun, its atmosphere,
and its radiations. In addition, we are concerned with the effect of solar emarr.-
tions upon the Earth itself. Our work in space astronomy is largely comple-
mentary to ground-Lased astronomy in that it concentrates on observing the
celestial sphere ill such wavelengths as long-wave radio, ultraviolet, _X-rays, and
gamma rays, which are not observable from the Earth's surface. Front these ob-
servations could come revolutionary new concepts in our understanding of the
universe.

Mastery of these various areas of s; T science is necessar y- 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
1966

Fiscal year
1967

Fiscal year
1968

Supporting research and technology advanced studies- - -.---- $20.594.000 $19,900,000

—

$19, 900, 000
Solar observatories- ---------------	 --------------------------- 19.052,000 9.800,000 11,900,000
Astronomical observatories----------------------------------- 22.300.000 27,700.000 40.600,000
Geophysical observatories------------------------------------ 28,215,000 24,000,000 20,000,000
Pioneer--------- --------------------------------------------- 12.700.000 7,2M,000 7,500.000
F- xplorers ----------------------------------------------------- 18,592,000 19,200,000 21.600,000
Sounding rockets--------------- ------------------------------ 19.300,000 20,000,000 22.000,000
Sunblazer ---------------------------------------------------- --------	 ----- ------------	 - 2.000,000
Data analysis----	 -.------------------------------------------ 2,000,000 2,000,000 2.000.000

Total ---------------------------------------------------- 142, 753, LM i	 129,800,001 147.500,000

The Supporting Research and Technology (SR&T) Program. which is planned
to continue at the 1967 level, funds the work of the scientists ill labora-
tories evolving new concepts, preparing new experiments for pose i ble space
flight, or analyzing; data from past flights. Frequently, before a new expe.i^lent
is considered for inclusion on a satellite or deep space prc.be. it is first flown 1l ►
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-
pllere and ionosphere not accessible to balloons or satellites. A slight increase
in sounding rocket funding is required because of the increasing coritpiexity of
ins f runientation 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 Farth with a wide diversity of
objectives and orbits, ill we successfully launched Explorer Zt\II to probe
the tipper atmosphere, and Explorer 1\\III to monitor the interplanetary
medinni outside of the magnetosphere as well as to study the wake of the
Earth, which 1•as 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 front VI provided new insight into the propagation of
solar cosmic rays and the temperattire of the solar wind. Pioneer `'II was
also placed in orbit about the Sun in 1St(',(; to monitor the interplanetary field.
These two new Pioneers. teamed with Explorer XXXIII and Mariner IN', are
now providing coverage of the propagation of solar disturbances at points
widely distributed around the Sun. This program «-ill continue at its present
level throughout solar `'maximum."

With ;ne launch of the Orbiting Solar Observatories (OSO) P 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 requirenents are
up slightly from 1967 as we enter this period of increased activity. The relatively
continuous monitoring of the Still the OSO spacecraft will be supple-
inented 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 siniplified
version for cost reduction. The OGO's, which have been much wore successful
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than their official record indi: dt*s, prn• ide a meant of 4 i inultaneously currying
ar many as 25 well-integrated Pxperin.ent^, in`n the w9gtletc l4phere, o: alterna-
tivel y into the upper a.mosphere. Siair l taneous nlensor-'rents of this type tray
prove to be the only was to unravel some of the mor • s.btle and fund-,mental
secrets of these environments.

The Orbiting Astronomical Observatory tOAOI c, ►itinues as our most complex
spacecraft and our most difficult undertaking amolhg the orbiting observatories.
Many believe it to be o1 ►e of the most importani projects in the space ptr ►gratn.
It is an essential stepping stone in developing the cahp abi:ity to conduct astronomi-
cal observations from space. The teehnoloKy of continuous precision pointing
under semi-automated direction froth Earth-based astronomers over long periods
of tinge appears desirable for still larger obser vatories of the suture. The forth-
coming experience with the ATM w g ar obt-,Pivations from manned sla(wraft will
further define the most effective approach to orbitaa astronomy for the future.

The OAO series had its flrst fligLt In 19K one which ended in failure. Working
elo.sely with the Goddard Spate Flight Center and its contractor. Grumman Air-
craft 0ompany, we conducted a number cif investigations of this failure and
the OAO system. The results of these reviews have been released publicly. In
sutlunary, we found that the prolal hle dirnyt 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 eventual failure of
a battery lack and the power system. Furthee. it is believed that the m ajor
disruption to the operation of the OAO prcbaablr was caused ;1y airing in the star
trackers. Advantage is being taken of the time required to rectify the failure
areas t•• incorporate other improvement.- to increase the probabilit y of success
on the second flight, which has been delayetl until 1Sl()8. The budget for OAO is
up in Fiscal Year 1969. and accounts 'or $12.9 million of the $17.7 million
increase in the Physics and As.ronotny Prograr ► budget. However, the actual
ac('r11e-! costs for Fiscal Year 1968 will remain quite close to those in Fiscal
Year 1967, which were hieher than the budgeted amount due to carryover of
prior year funds.

The last budget item to be discussed he-e 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 famil y of small Scout-launched solar probes
constitute an impo*tant step in our exploration of tkw Suit well as an effort
to capitalize on small probe techniques for deep s pace exploration.

Some of the major accomplishments of tile Physics and Astronom y Program
are summarized. Figure 172 shows the relative orientations of the two highly
eccentric orbits of OGO I and OGO III whichh were designed to study the mag-
netosphere. As the Earth rotates about the Su>>. the magnetosphere rotates with
respect to these orbits and is thus surveyed in great detail. The orbital ;....ne
of OGO II. which was placed in a low nearly-polar orbit to investigate the inter-
face between the Ftmosphere 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 Las continued effective operation since September
1964. The OGO's have yielded mor ►- 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 Physics and
Astronomy Program in 1966. These important findings in the vast new lab-
oratory of outer sTmee are Typical of the steady returns to science which have
been forthcoming since the start of the apace progrnna. Their long -range impact
oil the evolution of scienee at home and abroad will be felt for years to cc;me.
Lunar and plarctary programs

The objective of these programs is the exploration of the Moon, the planets
and their moons, and the asteroids 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 Inany of its mysteries. Such knowledge
must inelude the history of biological evolution in the solar system, in which
Mars is currently considered the most probable abode for extraterrestrial 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 GEOPHY: I CAL OBSERVATORIES

00-I l SEPT 1964 l

*CONTINUOUS EFFECTIVE
OPERATION

• PROVIDED DETAILED
DEFINITION OF
MAGNETOSPHERE AND
BOUNDARY CHARACTERISTICS

•CORRELATIONS WITH IMP,
PIONEER, MARINER

000-II l OCT 1965 1

• OPERATING

• FIRST GLOBAL WORLD
MAGNETIC SURVEY

• DETECTED NEW LOW
FREQUENCY RADIOWAVE
PHENOMENA

OGO-1
/

/
/

MAGNETOSPHERE

i

OGO-II
ORBITAL	 \
PLA14E

OGO-III

BOW SHOCK

FIGURE 172

0(;' 3-- 	 ( JUNE 1966 )

• OPERATING

•46 DAYS OF CONTINUOUS
ACTNE STABILIZATI^N

SUN	 • IMPORTANT LOW ENERGY
ELECTRON MEASUREMENTS

• OBSERVED FOUR MAJOR SOLAR
FLARES AUGUST-DECEMBER 1966

• CORRELATIVE MEASUREMENTS 1 46
EXPERIMENTS ) FOR 2 WEEKS 'A ITM
OGO IAND OGO II

NASA 567-609
1-5-67

PHYSICS AND ASTRONOMY

SCIENTIFIC HIGHLIGHTS 1966

I . 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, SENSITIVE
MEASUREMENT OF HELIUM COMPOSITION IN UPPER ATMOSPHERE (ALOUETTF M.

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

S. FIRST ACTUAL MEASUREMENT OF ION WAKE OF A SPACECRAFT (GEMINI 10, !1) 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 RE:OLUTION X-RAY AND UV TELESCOPES

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

8, DISCOVERY OF ENERGETIC ELECTRONS ASSOCIATED WITH SOLAR FLARES IMARINER IV).

9. DISCOVERY OF NEW MAGNETOSPHERIC OSCILLATORY RESPONSES TO INTERPLANETARY STORMS
(IMP, OGO).	 NASA S67-610

1-5-67

FIGURE 173
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in the Fiscal Year 1968 budget for lunar and planetary exploration as sum-
nlarized below, see also figure 92.

Fiscal year Fiscal year Fiscal year
1966 1967 1968

$23,000,000 S20, 900. 000 $20, 900. 000
104, 634, 000 84, 500, OW 42, 200, 000
58, 081, 000 29, 800, 000 10, 000, 000
17, 595, 000 35, 200, 000 68, 900, 000
1,000,000 -------------- --------------

204, 300, 000 1 169, 400, 000 1 	 142, 000, 000

Lunar and Planetary Exploration

Supporting research and technology/advanced studies. -------
Surveyor ------------- ---------------------------------------
Lunar orbiter---- ---- ---------------------------------------
Mariner----------------------------------------------------- —Ranger -----------'-------------------------------------------

Total---------------------------------------------------

Supporting Research and Technology (SR&T) , which is held at the Fiscal Year
1967 level, undet•girds 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 suf iicient success early in the Surveyor and Lui.ar Orbiter
programs to feel confident that the h.1tial needs of the Apollo program can be
met with the seven Surveyors and five Orbiters now under contract. W- are even
hoping that at least one of the Orbiters can be utilizt-d exclusively for Scientific
observations in regions other than the Apollo landing zone. Accor,lingly, the
followon procurements of those spacecraft will be indefinitely defer; ed in order
to make funds available for planetary exploration. Should the sum total of knowl-
edge about the Moon gained from Ranger. Surveyor, Orbiter, Apollo—and I.una-
indicate the desirability of extensive lunar exploration throughout the 1970'x.
automated lunar spacecraft would he reinstated in the program as required to
supplement 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 19fi6. 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 transmixsion of over 11.000 pictures and its resurrection on the second lunar
clay. the mission of Surveyor I was perfec t. See figure 93 which shows some
samples of Surveyor's photography. The terrain was found to he similar to the
ware areas previously observed by the Ranger,,4 and by Luna IS in that it was
gently undulating and pocked by craters of all sizes. Rocks simihtr to those first
observed by Luna I1 may be se en 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 ejeeta front craters. A magnified view
through Surveyor's zoom lens is also shown in the chart. These individual rocks
are as large as several yards across. Lunar Orbiter photography has shorn such
rock piles to be non-uniformly distributed over the lunar surface.

By viewing the 1- to 2-inch depression made by Surv'eyor's footpads, and by
:malyzing the accelerations and strain-gauge measurements during landing, it
bas been possible to tell a god deal about the properties of the surface. The
surface appears to consist of loosely-e onctituted ,in(l m oderately-cohesive particu-
late matter of generally small size. The Surveyor everted front to 10 pounds-
l ►er-square-inch force on the surface. The surface bearing strength is thus at
least this greni and noire likely higher. The consistency of the surface material
^een1V ranch like dried silt; one could stool) it up with his hands, and would
sink in slightly when walking across it. Luna \TII subsequently confirmed these
determinations of surface properties.

The first two Lunar Orbiter missions were also extremely effective. Orbiters I
and II photographed 28.000 solare miles of 22 primary Apollo sites at a resolution
of about 2:i feet. its shown iil 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 1I. Lunar Orbiter III has just recently sueeessfi ly com-
O pted photographing an additional 12 potential Aiiollo `ites. clef` 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 lihotos are taken 

in stereostereo
pairs and make possible a rapi,l 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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of the area ill 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 1 ►ossible herein. The roughness of th y• surface was found to be highly vari-
able, even within the maria. The (lark maria are the smoothest regions. Numerous
small sites have been found Nvh ic:i appes, ,., u.,eable for landing with the Apollo
LKNI spacecraft. However, none have been found which fully Meet the initial
Apollo site specifications for sinoothness, slopes, and radar approach topography.
The' ►est handing sites found to date are frow 107, to 15'h- cratered and typically
contain abort 10,O(U) hazardous crater, within the Apolle 16-square-a g ile disper-
sion ellipses. I'iloting at touchdown will thus be iinlm)rtant ill the LEM landing.
Mass wasting and sh mlp;ng of inati•riall ill to gravity appears to he an
inilx)rtant process in modifying the surface. Importantly. the surface shoe's evi-
demce of volcanic activity. There seenis little doubt that the Moon g ill be a
highly interesting objewt of exploration.

See figure 97 for an oblique photograph of the crater Marius and its "hills,"
made with one of the Orbiter's film fraiaaes which :must be exposed 1 ►eriodic•all}-
during long intervals between prilluary site photography. About 150,000 square
miles of additional frontside coverage were obtained in this manner, as well its
abamt 4 million slluare g uiles of high quality lunar furside photography.

From a teclniological point of view. the control of the Orbiter in its flight about
the Moon v.as extrelue ly prec ise. The spacecraft responded to thousands of conl-
muands wool ex(4-lited blilldreds of attitude changes. .kpolime and perilune were
controlled to %N ithin is mile. Cameras were 1 ►( ► inted with high accuracy at the lunar
sites. 0rhiter and Surveyor dem m y mated much of the tedinology requir(sl for
Voyager, which will extend t)i ,, orbiter/hander exploration Mode to Mars and
Venus.

The reduction of $61.1 million ill Millar exploration, because of :ill early phase-
out of Surveyor auad Orbiter, is offset by all increase in Fiscal Year 11Hlr4 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.
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Dur:ng 1966, eyeellent progress has bees, ir.ade in preparing for the 'Mariner flight
to Venus in Jane of 1967, and the two flights to 'liars in Il, addition, studies
have been competed on how to adapt the 1969 spacecraft to carry atmospheric
probes to NL I :rs and Venus in 1911 and 1972 rewspectively. Adapting Mariner to
carry a several-hundred-pound probe appears practicable and highly desirable in
Its own 6-ht, as well as an asset to planning the final details of the Voyager
mission. Accordingly, $10.1 million arQ included to initiate this deve!opment..
Thera is Lv aiiable to the Committee a summary description of the most recent
additions to the Mariner. program.
Vo11ager program

The Voyager program, summarized in Table 4 and Chart 567-1615 constitutes
what many consider to be she most important undertaking in deep space explora-
tion since Project Apollo ,vas authorized in 1961.

Spacecraft system----------- 	 ----------	 - -_ -_----	 —------------

I	 Fiscal year
1966

$8,191,000

Fiscal year
1967

Fiscal year
1968

$1,300,000 $21,400,000
Capsule bus system----------- 	 -------------------------------
Surface laboratory system-------------------------------------

7,622,000 8,100,040 2,ti00,000
244,000.000

oyager biological laboratory-	 ------------------------------- 1,000,000 450,000 2,5M, 000
1,500,000aunch vehicle system ----------------------------------------, 210,000 500,000

Mission operations-------------------- 	 ------------------	 ----' 74,000 100,(00 50'1,000

17,097,000 10,450,000Total-------------	 ------------------------------------- 71,50-, W)

Voyager repeeseuts a decision to :investigate our nearest neighbors, Mars and
Venus, with automated spacecraft capable of surveying them from orbit and of
carrying out scientific investigations on the planetary surfaces. The approach
parallels that which we have used so successfully on the Moon, but with a
much greater complement of instrumentation to answer as many of the fascinat-
ing questions about these planets as possible. What do they look like? Wbat
are they laade of? What makes up their atmosphere? What is their weather
like? What is their internal structure? How were they formed and what has
been their evolution? How d3 they relate to the Earth and other planets? Is
life present? If not, was it ever present or might life be sustained there in the
future?

These and other questions have led the Space Science Board to say:
"We recommend planetary expiom tion as the most rewarding scientific ob-

jective for the 1970-1985 period."
A recommendation of the Exobiology Study conducted for the Space Science

Board stated:
"The biological exploration of Mars is a scientific undertaking of the greatest

validity and significance. Its realization will be a milestone in the history of
human achievement. Its importance and the consequences for biology justify
the highest priority among all scientific objectives in space—indeed, in the
space program as a whole."

Progress in the Voyager program during 1 y66 has been good. We have com-
pleted preliminary design studies of the entry and landing system and of the
surface laboratory, and have recently invited aerospace companies to bid on
Phase B or design definition of these systems which should confirm and refine
the approach which we have selected. :['his approach involves the use of a radar-
controlled rocket landing system of the Surveyor/Apollo type, after atmospheric
entry behind a heat shield. Upon completion of this work, the entry and land-
ing system design progress should have "caught up" with the orbiting space-
craft design which was begun nearly two years ago. Detail design of all sys-
tems (Phase C) would then be undertaken later this fiscal year and Phase D
hardware plocuremont would be initiated in Fiscal Year 1969, after another
round of reviews and approvals.

The attention of the Committee is called to a summary description of the Voy-
ager program which I think you will find informative. See figure 98.

See figure 100 %which presents the management structure for Voyager. Program
direction will reside in the nice of Space Science and Applications, NASA Head

-quarters. Management of the several Voyager systems will involve NASA field
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centers and the Jet Propulsion Laboratory. JPL, headed by Dr. Williard Picker-
Ing, will manage the surface laboratory system, using a systems contractor, as
well as the tracking and data acquisition system and the space flight operations
system. The Langley Research Center, headed by Dr. Floyd Thompson, will
manage the entry capsule and landing system, also using a systems contractor.
The Marshal l Space Fight Center, under the direction of Dr. Wernher von Braun,
will manage the orbiting spacecraft dev Frlopment and the rf-tropropulsion system,
again with the aid of a contractor, and will integrate the capsule assembly into
the spacecraft. bus. Marshall will also manage the Saturn V and the integration
of the two complete spacecraft assemblies onto the Saturn.

Thug, Voyager will not only make maximum use of existing hardware and
technology developed by the space program, but will also make maximum use of
the considerable capabilities of the teams of managers, engineers, and scientists
which have been developed at these ortstanding laboratories.
Space applications programs

The objective of this porl Ion of our program is to continue to develop practical
applications of space fllgh^ so as to maximize the return on our national invest-
ment. This program has been highly successful in the past. From the TIROS and
Nimbus programs has come an operational meteorological satellite system under
the direction of the Environmental Science Set vices Administration (ESSA)
with NASA delivering the spacecraft in orbit. From the Syncom program has
come an operational communications satellite system under the management of
the Communications Satellite Corporation. The A:r Force now has its own com-
munications system in a n-arly synchronous orbit. The U.S. Navy navigational
satellite is operational with the fleet. The Geodetic Earth Orbiting Satellite
(GEOS) and Passive Geodetic Earth Orbiting Satellite (Pageos) are serving a
combined scientific and operational function.

The proposed program for Space Applications for Fiscal Year 1968 is sum-
marized below, see also figure 101.

Fiscal yearI Fiscal year I Fiscal year
1988	 1967	 1W

Ab

S unnorting research and technology ---------------- -. -------
TIROS1TOS improvements------.---------. ---- ---------
Nimbus:

Nimbus A-1) ---------------------------------------------
F.-F ---------------------------------------------

Meteorologica l soundings -------------------------- -----------
Frencl: satellite ( FR-2) ---------------------------------------
Applications technology satellites:

ATSA- E -------------------------------------------------
ATS F and 0------------------- --------------- 	 -------

Geodetic satelli" (A-E)-------------------------------------
Voice broadcast satellite------------------------.--------------

Total------------- -------------------- 	 ------------

$10.839.000 $11. 630.000 $16.6m. 000
2,500,000  3,1#)0,000 7, 50

0

0, 0

y

0

y

0

-2,560,000 .0 y
^IA/

y^ rn , 1W, V 29. 00, 000

-	 ---- ----	 -----	 -	 - 5.000,000
2, 730, 000 3,000,000 3.000.000

____-------- 100,000 100,000

34,431,000 28,470,00) 19.800,000

----------- ------------ 15.700.000
4,993,000 1,600,000 4.700.000

- ------------ -------------- 2,300,900

78,053. 000 1	 71, 300.000 1	 101.200.000

Opportunities for important new practical applications of satellites appear
very great in all of the areas I have mentioned. One additional area of proraise
is that of Earth resources. In Fiscal Year 1967, research in this area is being
funded by- manned space science ftlnds. In Fiscal Year 1968, it is being carried
In SR&T in space applications and accounts for all of the increase there. Earth
resources observations from orbit would include geological and oceanographic
surveys; searching for mineral and oil deposits; monitoring of water resources
including lakes, streams, and snow fields; and monitoring of both water and air
pollution. The orbital observation of crops would aid in global food manage-
ment and in detection of crop disease. Similarly, satellite observations can
assist in forestry. Research needs to be conducted not only on how hest to make
these surveys, but also how best to use the data. The various agencies of the
government concerned with these hatters are now jointly studying the problems.
11gure 175 illustrates with an aircraft photograph the potential of color photog-
raphy in appropriate wavelengths for such eurveys.

Three satellites were succemfuly launched for the Environmental Science
Services Administration in 1966. In 1968 the ESSA operational meteorological
satellite system will receive the services of an entirely new satellite, which we
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aTE` developing johitic Nvith them. This satellite, in iiiillrmed 'TIROS Operation,!]
ti'yst -it l 111IS), -,%-i11 carry stored pictures for i;:ubaI ccrverage ;uul alwl wiII
provide the mitomatic picture transmission (Ai'T) service to more flian 11k ►
stations around the world. It now takes two satellites to lwrform these funct'r.ons.
Ili the improved '1'1 ► S xvill I/1 • Earth-ot-iented ;Ind %%ill. inc•ornointe night
(Amid observnlions with instrumentation deceli,ped ill the Nimbus program.
\That future operational N\calher s ! itvIIitvs \\'ill be like depenfls Heavily oil fur-
11wr research on r111ii1 ► spher is ^etlsllrK with the N inilms sp teiii.

\Ieteorulol,•ists Coday are \vorking toward ;I \Corld R'eather 11', ► teh NN-hcrein
>,tations all over the world Neill 1r11u1 their daily observations to feed sulN-rs1N•ed
computers capable of soi%ing the elluatiorrs %vi ic • l , describe global weather c • ir-
1 • 11lation and predict its future 10mvior. Since % of the world is covered by
c\atf-raild ulul • h of the land is nut \x' ,• 11 cohered with wt-ather stations. the satellite
col lin • u es to be the • hest lit) pe fur :if lluiring the gIiihaI data required to forecast
Avealher about two weeks ill enhance. Before this c.m become a reality, new
instruuu • tItation hoist be dev(1opcd to acllnire llres:ure, lentIKrature, humidity.
;Ind Nc ind velocity either by reniute sensing fr4)ur orbit or by collecting; these data
froul instrumented ldatfllruis ill the atmosphere. The forthcoinirlg; Ninibu.. I:
tli;hr \%ill test Not  ;I4) iwlrrinlent 11) sense atuiospheril • Ivinperature prntile-
;11111 :I s1'sIc • in 111 1'4)111'1'1 data iroin mit4)111ati4l stations rend ba l lllur;s. It i!' worth
n111ing that satellite conulil"liciitiotis Will. IK`i Most helpful ill 	 Ilata from
all sources and ill 	 then ► to the c •entnil computers.

Nimbus II, mis (;lunched in 1tN:►li, ions no\v !)eeu ol ►erating; ill fullf-
raabilized mode for over 11 months, and aplK-ars to he a h.,;hly satisfactory system
fur continue;l II&IT) ivork, with relativc=lr minor upgrading. The f l ilure trend
in meteorological satellites is tmvard more weight and 1xitiver. .kcirording;ly,
Nee have decided 1() iu111rore the current Nimblim system. '1'hl sc^ improvements.
\vIiich begun kith Nimbus L, tuns the ortN • nrenient if Nimbus k.' and F. %%-i!l
cause rill increase ill funding in Fiscal Year 11.165. In amplitil anon
of this statement, a summary description of the Nlinbus prognin can he made
available to the Committee.
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Another highly significant accomplishment of IM') was file successful first
flight of the Applications Technology Satellite series. ATS 1 was 1PIM-141 in n
sinchronous irbit 22,300 miles ovc r the 1 1acitic (see fig. 103). F roil this station•
ary lloation, it can perform it uuwber of iulllortant experiments in meteor -
ology, ('onlnlnnic;ltions, Space science, and technology. The AT S, I can transmit
11 141W);rapl ► of the illuminated portion cf the Earth's hewisphere every 20 win-
utes. It Grin ,provide ex1lerimental c01111111111icatiollK betww-n east coast stations
:wd aircraft as fur awa y as Japan or Australia, tins opc-ning the wa for effective
transoceanic air traffic control. It provides wide	 veband and multildc ars COnl-

n;unicatlons for sh-ultaneous ttsag,e. And it monitors the radiation ( aivironmeni
in I his useful and imilorc ant orbit.

Later ATS spacecraft will continue to develop the technology of lt:arth syrl-
chronous satellites. Improved active and passive attitude control systems need
to be developed. Iligh-gain steerable antennas such as those planned for ATS F
and t. are required for direct broadcast of voice and televi: icon material. They
v ill also enhance advi need systems for effective data collr t.ion. air navigation,
and tr"Me control. These represent the most hrilxlrtant new applications now
foreseen.

Power simplies and high power transmitters must be improved. With 11 mod-
est aruount of R&D, these applications cats become an operational reality before
very many years. The broadcast satellite will be vast-effective even in this
country, anu will be a great boon to the developing nations that have virtually
no broadcast distribution systems. The Soviet 1'nion may be working in this
direction w?th its Dlolniya comtntlnic •ations satellites.

The Committee will be interested in reviewing separate doennlents describing
These newest Applications Technology Satellites (F and G). v-1tich are planned to
lonwo ,d into detail design with Fiscal Tear 1968 funds, and the Voice broadcast
Satellite proposed for Phase It study in Fiscal Year 1968. Should the results of
this latter study be as successful and promising as anticipated, we could be pre•
p:lred to sv c lmit a rc-quest for detail design s,ihlx)rt in Fiscal Year 19( ►1.

The Passive Geodetic Earth Orbiting Satellite I I'age,os) completes the list of
six successful applications satellites lawn: hed in 1tlFifi. This aluminized ballron
ill it . pearly-polar orbit of 2000 miles will be useful for rears of observation to tie
the continental inopping netwclrks accurately into a global system.

I will show you briefly some of the results of these programs. Fi gure 176 illu,
i r;rtes the nledimn resolution infrared 01IIIH) inl:lgitlg system carrievl ou

FiGuRE 176
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Nimbus II. This system provid-?s day and night global coverage in fire spectra l-
bands vieiN ing visible light, total ht, CO., water val ►c ► r, and ,he Earth through
the IR "window." TI—se data are routinely formatted as 2000-atilt-vide strips
that encircle the Earth from pole to pole. Note hurricane Alma in this selectM
sample.

The same hurricane as observed %vith the three other observing systems on
Nin ► bus II is shown in figure 177. These systems, providing both day and Might
coverage, will be used on the improved TOS living developed by NASA for ESSA.

The nest two figum - illustrate the hig i qual i ty of the daylight photography
being obtained with the current ESSA satellites. The :%PT coverage of North
America as rect-ivied by the combination of au cwt coast (Wallops Island) and
a west coast (San Francisco) station is shown in figure 102. Global coverage as
received daily front stored pictures is rhmvn in figure 103 for October 31, VW34.
Careful study reveals the land n ►asses of the Earth lKneath their telltale weather
sig-natures—the clouds.

The dramatic practical results of the ATS—I are depicted ill figure 105. The
photograph of the ::arth spans the entire Pacific Ocean and shows North America,
South America. and Australia. Weather coverage of about -40cle of the Earth is
provid ,M. Three synchronous satellites with prolwr ground control and advanced
camera !. ysten ► s could ultimately provide continuous real time global observation.
with high resolution "zoom" vit wing of any selec'ied areas of sl ►ecial interest—
alt at the touch of a dial at a single console at the ESSA weather center. This
is the shape of things to come.

Also pictured in this chart are severalseveral of the Highly saeeessful and significant
communications experiments conducted with the ATS- T_. In addition, a uiitliber
of scientific experiments oil ATS—I are now nionitorinF_ the space environment
at this important altitude.

iliosciepice program

The obj,ctive of this subdivision of our program is to extend the study of living
organisms into the unique arena of space. One facet of the program thus involves

NIMBUS II RESULTS

HURRICANE ALMA

HRIR	 AVCS	 APT
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looking for effects of weightlessness and the absence of the Earth's cyclic influ-
ences oil life processes from the subeellular level up to the physiol-
ogy of complete arinnnals. A second facet of the prograin, the search for extra-
terrestrial life, is iargely coupled with the Voyager program at this time.

The Iiioscienee program is proposed to continue at about the 1967 level as
shown L ►elo%,.• , see a:so figure 106.

---	 - - ---	 Fiscal year Fiscal year I Fiscal year
---	 —	 —	 —	 -_ 1968 I— 1967	 1968

Supporting research and technology ----------------- _______ 	 $11,100,000	 $11,550,000	 $14,300,000
Riosateilitr______________________________--------___.____-__^ 	 23,3P0,000	 30,000,000	 30,000,000

Total --------------	 ________________________________ __I 	 34,400,000 I	 41,550,000 I	 49,300,000

The slight increase in SR&T supports the accelerating Voyager effort. T11e
Bit ►.satellite (-osts are held to the lfit)- level, which itself is up from that planned
1t ^ he sta, t of the year. I k' •,-elopnlent cost increases ;lave forced us to stretch this
program to au extent that the final 21-day flight is now scheduled for 1969.

l ► uric ►; 1966. the first. Itiosa tell ite was laim plaed just 2% years after con-
tractor -ro-ahead. ; cr its three -day flight, it performed excellently in orbit, but
, lacing the reentry sequence the retrorocket failed to fire and we lost the satellite
and all of its exper nients. A back-up flight is scheduled for thi.,; July.
Manned space scicnec

The objective of this portion of the NASA program is to capitalize on the
ongoing manned :pace flight program to extract a maximum of return in
terms of scientific results and practical applications.

In Fiscal Year 1968, the funds for this work are carried as part of the Saturn
Alx► llo Applications progra *11 from whence they will be allocated to supporting
offices.

During Fiscal Year 1997, good progress has been made on the Apollo Lunar
Surface Experiment Package (ZLSEP), which is a relatively sophisticated
automated scientific laboratory to be emplaced oil :Boon by the Apollo
astronauts ( fig. 178). Ill addition, prelrarations are proceeding at the Dunned

MANNED SPACE SCIENCE

•
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Spacecraft Center and at participating universities for analysis of the first
luu:u sample. Also is the lunar urea, important 1:rogress has been made in the
analysis of Lunar Orbiter photographs and prepw •ation 4 corresponding cartog-
n1 p ► l ► y.

In supp ►c► rt of Earth orbital manned space flight, Nve have indentifled iln-
portant, payloads in the areas of solar and stellar astronomy, meteorolog y, Earth
resources, and biology. The furthest advanced of these payloads is the Apollo
'relescolle Mount 1ATM I, which was described to this Committee in the Fiscal
Year 1967 hearings. I ►evvlopment of the fli_-lit hardware is being successfully con-
ducted under the direction of the Oflico of planned. Space 1`light and the Marshall
`;t ►ave Flight Center.

Some results of scientific experiments cmidit • ted in Gemini flights are shown
in figure 179. The spectacular color 1 ► hotogril ► h of India k but one of hundreds
being used to explore the utility of such pl ►otorral;hy in geology urnl Earth
resource su r veys. The spectrmr of the star. Canopus, shown on the right, illus-
trates the ahility of astronomical observations to detect px ►rtiom of the spectrum,
and hence stellar elements. trot visible through the Earth's atim)sphere. This
slx4 •trula is the first to show absorption lines in the 2200-300 .Angstrom wavv-
length region of a star other than the Sun. The presence of magnesium, silicon.
and ionized iron were identified. Future instruments will greatly increase the
re-'(6-ing power.
lixtaining ilnircl-sity Prayrilm

The primary objective of this intl ►c ► rtant progr w is to advance the gr4m-th
:lid capability of American and universit`,es in the fields of space science
ul:d engineering. In additicli. the involvement of educational institutions in
the broad multidisciplinary space effort has served as a catalyst to interdepart-
mental cooperative efforts on broader problems than those related to the space
program alone.

The program has helped to maintain the cont i nuing supply of highly trained
scientists and engineers so vital to our government laboratories, the aerospace
industry, and too faculties of c- ; ► lleges and universities. It has strengthened the
university role in the scientific exploration of space, which contributes so
much to the NASA program.
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This support involves training grants for graduate students, research grants
for nu ► ltidisciphijary .pace-related research, and facilities gratlts where de-
sirable growth is retarded by lack of facilities. See table below and figure 107
which shows the distribution of this support.

	

Fiscal year I Fiscal year 	 Fiscal year
1966	 1	 1967	 1	 1968

Training-- - ---	 -- -------------------------------------------- $25,290,000 1 $16,000,000 $7,000,000
Research----------------------------------------------------- 12,860,000 11,000,000

1
10,000,000

Research facilities--------------------------------------------- 7,850,000 4,000,000 3,000,000

Total--------------------------------------------------- 46,000,000 I 31,000,000 I 20,000,000

Despite the fact that this has been a highly successful program, other demands
for funds require us to recommend a sizeaU a reduction in Fiscal Year 1%. 8. The
bulk of the reduction will be taken in the area of training grants. No students
will be dropped, but fewer new students will enter the program. Hopefully, other
sotlrnes of graduate student support will mitigate this reduction.

T'je results of this program are summarized in figure 180; 3631 students are in
t raining, a ,-.d 435 Pl`.D.'s were graduated by the end of 1966. One hundred and
tifty-two colleges and universities are participating in the t=raining program.
Twenis-:our facilities have been completed, and 11 are underway. In addition,
57 colleges and universities are participating in multidisciplinary space-related
resmrch. These results will long stand as a good investment.
Launch 1!chic1c development

During the course of the space program, OSSA has assuzlled responsibility for 	 ''
development of three launch vehicles: Delta, Scout, and Atlas Centaur. The Delta

SUSTAINING UNIVERSITY PROGRAM

RESULTS

• TRAINING

STUDENTS IN TRAINING 	 3,681

PHD' S GRADUATED TO DATE	 ° 435

PARTICIPATING UNIVERSITIES - COLLEGES 	 152

• FACILITIES

FACILITIES UNDERWAY	 $11

FACT LITI ES COMPLETED TO DATE 	 •24

• RESEARCH
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PARTI CI PATI NG UNIVERSITIES - COLLEGES 	 57
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and Scout developments were completed some time ago, and both vehicles cur-
rently have long strings of consecutive successes. During 1966, the Atlas Centaur
development was also completed and the performance of this vehicle is shown
in figure 181. The Centaur has met or exceeded all of its original performance
specifleat ions and has successfully launched Surveyors I and II. In addition,
studies have indicated it to be an attractive upper stage for Titan III, Saturn
IB, and Saturn A', as well as for the 260" soli(I/S-IV-B combination, if ever
developed. With the Centaur stage, various combinations of these vehicles can
meet all of the known requirements for automated spacecraft at least through
the 1970's.

Our projected low launch rate at the Eastern Test Range (ETR) during the
late 1960's has caused us to reexamine our family of launch vehicles. This prob-
lcln, combined with the need for heavier payloads at high velocity, and for a
high-energy upper stage of the Centaur class in the 1970's, has caused us to
phase out our use of the Atlas Agena at ETR and retain the Atlas Centaur as our
mainstay in this intermediate weight class. Accordingly, we plan to incorporate
some simplifications into the stage during the next few years.
Launch vehicle procurement

The launch vehicle procurement picture is summarized below, see also
figure 108.

Fiscal. year	 Fiscal year	 Fiscal year
1960	 I	 1967	 1988

Supporting research and technology/advanced studies--------- -------------- -------------- $4,000,000
Seout --------------------------------------------------------- $11,700,000 $9,400,000 16,800,000
I)elta--------------------------------------------------------- 27,719,000 20,900,000 32,600,000
Agena-------------------------------------------------------- 70,669,000 37,100,000 24,700,000
Centaur--------------.--------------------------------------- 65,000,000 55,000,000 87,000,000
Atlas-	 ------------------------------------------------------- 3,602,000

,rotal --------------------------------------------------- I 178, 700, 000 1 12-2,400,000 1 	 165,100, 000
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This year, following the completion of the Centaur development in Fiscal Year
1967, the $4.0 millioncontinuing development efforts in Advanced Studies and
Supporting Research & Technology have been consolidated with the Launch
Vehicle Procurement Program. Except for Agena vehicles, procurement costs
are higher in Fiscal Year 1968 than in Fiscal Year 1967, despite the projected
fall-off in flights in the late 1960's. The reasons for this are relatively straight-
forward. Schedule delays in a number of flight projects made necessary a re-
phasing of vehicle procurement activity that has reduced funding requirements
In both Fiscal Year 1966 and 1967. Because of prior understandings with this
Committee and Nvith the Bureau of the Budget, Fiscal Year 1966 funds were not
reprogrammed to other prograin areas, but were carried over unobligated into
Fiscal Year 1967. The extreme budgetary pressure in Fiscal Year 1967 have
required making the maximum effective use of all available funds. Therefore,
we have reduced Fiscal Year 1967 funding from $142.8 million to $122.4 million.
This reduction was made possible by the availability of unobligated prior year
funds, the schedule delays noted previously, and a very tight financial plan for
funding minimum cost requirements through the end of the fiscal year.

Fiscal Year 1968 funding shown in the budget request is an amount about
equal to the level of costs in Fiscal Year 1967. The dropoff due to reduced
procurements will not be felt until the following year.
Construction of facilities

This budget includes an authorization reg-aest for 5 construction or alteration
projects at an estimated total cost of $6,985,000 (fig. 182).

At the Kennedy Space Center Launch Complex 17, the existing Delta Service
Structure and Umbilical Tower on Pad 17B will be extended 14% feet, at an
estimated cost of $2,290,000, to match the stretched-length Thor stage of the
Delta launch vehicle configuration. Also included is extension of the environmen-
tal enclosure, launch deck modifications, and minor complex alterations.

A Space Flight Operations Systems Development Laboratory of 36,000 square
feet, at an estimated cost of $1,195.000, is proposed for the Jet Propulsion Labo-

FISCAL YEAR 1968 CONSTRUCTION PROJECTS

SUPPORTING SPACE SCIENCE AND APPLICATIONS PROGRAM
(IN THOUSANDS OF DOLLARS)

PROJECT	 LOCATION	 BITGET kECUEST

ALTERATIONS TO LAUNCH COMPLEX 17 	 JOHN F. KENNEDY 	 $2,290.0
SPACE CENTER

SFOF SYSTEMS DEVELOPMENT LABORATORY 	 JET PROPULSION	 1,195.0
LABORATORY

SPACE SCIENCE RESEARCH LABORATORY	 AMES RESEARCH	 2,195.0
CENTER

POWER AND STEAM DISTRIBUTION SYSTEM 	 WALLOPS STATION	 740.0

UTILITY MODIFICATION AND INSTALLATION 	 GODDARD SPACE	 565.0
FLIGHT CENTER

TOTAL	 $6,985.0

NASA S67-1616
1-24-6i

FIGURE 182
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ratory. This facility will provide several small laboratories and work areas
for collocating the existing Science Computer Facility, automatic data systems
hard%%-are, and the scientists and engineers of the Systems Division and Deep
Space Network. Scientific and engineering design problems, software studies, and
integration of the latest off-the-shelf computer hardware into operable and re-
liable scientific computing and mission support data capabilities will be per-
fornl, d in this facility.

At the Ames. Research Center we tare proposing a 71,:100-square-foot Space
Science Research Laboratory at an estimated cost of $2,195,000. Tliis laboratory
will house 120 professional personnel and over $2,000,000 of existing laboratory
equipment presently located in 5 different areas on Center. The Space Science Divi-
sion at Amps is heavily involved in planetoiogy, planetary atmospheres,
geology, astrophysics, and interplanetary particles and magnetic fields pro-
grams associated with automated spacecraft. Also, the areas note occupied
by this Division are urgently required for expanded aeronautical research ac-
th'ity. This aeronautical research is now hindered because many of the Space
Sciei ce research •equipment and work areas are temporarily located in the
hangar and shop areas.

The $740,000 Electric Power and Steam Distribution Systenis renovations pro-
posed for Wallops Station are required to replace the 20-year-o'.ci overhead (lower
lines from Wallops 'Mainland to Wallops Island, portions of the Wallops Island
power system, and a significant portion of the remaining overhead steam dis-
tribution lines oil the main base.

At the Goddard Space Flight Center, a $ ►6:1.00(► t'tility 'Modificatioaa and I ►► -
s( illation project is proposed to convert I-x)rtions of the original electric power
4160-volt distribution systen ► to the 13.800-volt distribution system for improved
reliability and standardization within the Center. Also included in this project
are additional :onimunication duct banks which will be installed in parallel with
the new underground power cables to the areas of the Center where additional
services are required.

These proposed construction projects are considered to be the minimum neces-
sary additions to support the on-going research, development, launch, and space
Sight operations activities, and to maintain and preserve the physical plants
under my cognizance.

Adn inistrative Op,,rations
The Administrative Operations (AO) budget (fig. 183) provides the funds

for the Civil Service manl;ower, travel, and other normal operating expenses
at the field installations for which the Office of Space Science and Applications
(OSSA) has institutional management responsibility. These installations are
Goddard Space Flight Center and Wallops Station. Thus, Administrative Op-
erations supports the vital in-house effort for planning and managing the NASA
programs conducted at these installations. OSSA also ham institutional man-
agement responsibility for the Jet Propulsion Laboratory (JI'IA which is op-
erated under contract with the California Institute of Technology (CIT). How-
ever, the Administrative Operations costs for the .let Propulsion Laboratory
are funded from the research and development appropriation and hence do not
appear in the AO budget request. The comparable dollar amount is shown on
the -hart for ,)urposes of inforination. Tlie NASA Pasadena Office, located tit
JPL. is an organizational part of OSSA Headquarters. The Administrative Op-
era'tiona requirements for this Office are included in the Headquarters budget
request.

The NASA Pasadena Office was established in 'May 1906 through consolidation
of the NASA Resident Office—JPI. (which had responsibility for administration
of the contract with the California Institute of Technology for the operation
of the Jet Propulsion Laboratory) and the Contracts Division of the Western
Operations Office (now called the Western Support Office).

The Administrative Operations budget provides for the compensation of
4.388 Civil Service personnel, about 40%, of whom are engineers and scientists.
There is no change in the number of personnel tit these installations between the
end of Fiscal Year 1907 and Fiscal Year 1968. Personnel compensation and
benefits account for over Flo% of the total administrative Operations request.
The remainder is for operating expenses such its: rental and maintenance of
Automatic Data Processing equipment: supplies. materials, administrative com-
munications: maintenance and repair of buildings and grounds: and custodial
and other institutional services provided ender contract. The direct Adminis-
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OFFICE OF SPACE SCIENCE AND APPLICATIONS

ADMINISTRATIVE OPERATIONS BUDGET - DIRECT
(1 N THOUSANDS OF DOLLARS)

FY 1967 FY 1968

GODDARD SPACE FLIGHT CENTER	 $71,211 S 72, 240

WALLOPS STATION	 10, O11 10,188

TOTAL	 $81,222 $82,428

'JET PROPULSION LABORATORY 	 $ 76,663 $81,355 

'FUNDED FROM R & D APPROPRIATION
NASA S 67-1617

1-24-67

FIGURE 183

trative Operations requirements for OSSA installations in Fiscal Year 1968
increased by only $1.2 million above Fiscal Year 1967. This increase is primarily
to provide for additional ADP rental at Goddard Space Flight Center, resulting
from the temporary overlap of equipment as third generation computers are
phased in.

A, previously mentioned, At^ministrative Operations-type expenditures at the
.let Propulsion Laboratory are funded through the contract with the California
Institute of Technology and hence coIIle under the research and development
lacrtion of the budget. However, for management purposes, we develop and
administer an Administrative Operations-type budget for JPI, just as we do for
our Civil Service Centers. The end-of-year complement at the Jet Propulsion
Laboratory is 4650 for both Fiscal Year 1967 and Fiscal Year 1968. This reflects
an increase of 250 positions above the Fiscal Year 1966' level. These additional
personnel were needed for slariner'67, Mariner '69, and Voyager. The increase of
$4.7 o ► illion in Administrative Operations-type expenditures at the Jet Propul-
sion Iatl ►c ►ratory in Fiscal Year 1968 is due primarily to the full year cost of this
additional manpower. In addition, the Fiscal Year 1968 budget provides for the
lease of additional Automatic Data Processing equipment at the Space Flight
Operations Facility and the Scientific Computer Facility.

Nummary

In summary this is a critical year in the development of our Country's program
to explore space and to apply space technology to the bent-fit of man. We have
developed a national space capability in government, industry, and universities
which is second to none. 1Ve have demonstrated this capability in a series
of draniatic and highly successful missions in orbit about the Earth and the Moon,
on the lunar surface, an(] tc: the near planets. The program has been a tremendous
intellectual and technological stimulus to the Country, and a source of pride
to all.

Nearly all of our spacecraft and vehlele developments have u:hieved (opera-
tional status. Striking advances in utility, durabliity, and versatility have en-
haneed the effectiveness of these flight sy lstemr►. Many have been or soon will be
phasing out, having stweessfully achieved -their objL-Aives.
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important and challenging goals in space science, exploration weather, co ► n-
muuications, navigation and traffic control, and Earth resources survey and
nu1.nageluent lie ahead. We can no longer delay selec ting some of the Illost com

-p►clling options if Nve are to maintain our capability and meet the competition.
The progralu which I have reviewed for you has been carefully plaimed to ineet

the most urgent miniimmi future needs of the United States III these vital areas.
Positive action now is necessary to insure a position of strength in the years
ahead, and to sustain the vitality in science and technology so c's^eitial to the
welfare of modern nations.

A PPENDIX I

THE 1IF.A\ING AND IMPORTANCE of OUR NATIO\Ai. SPACE PPOORAINI

I\TRODUC TOO

The tlrst dec::de of the Space Age has seen the development of a sp aue program
that has become global in character. Although initially confined to the efforts of
the United States and the Soviet Union, the space effort now involves dozens of
nations, each in ► l ►elleu by strict considerations of self interest. Each participant
see: in the space program definite expectations of return on the investment :t is
linking, a return that ranges from valuable practical applications to pure
science, and has an impact on education, economy. national and international
p ►c ► litic-.,, international law, and philosophy.

The space program of the United States is a Inroad wide- ranging, substantial
fraction of the world's space effort. Being carried out by the National Aeronau-
tics and Space Administration aid the Deprnrtnnent of Defense, it enlists the
efforts of industry, government establishments. universiti-s, nod private research
organizations. The United States program is linked in one way or another with
virtually every other space program in the world. Ii the decade since it began, the
program has turned out thousands of research papers and reports on new 'eth-
nology, new knowledge of our planet, the tmlar system, and the universe. and
has made numerous practical applications in the fields of meteorology, connnn i-
nications, navigation, geodesy, and national defense. The prograin has clearly
established the possibility of manned solace flight, and has laid the initial ground-
work for human operations in the new dimension of sir ► ce.

THE OBJECTIVES OF THE SPACE PROGRAM

There are many motivations underlying the support of our National drive
progr in. The more immediate objectives were set forth in the Space Act of 1918,
and our appreciation of their import has continued to groxv a; Ave carry out the
many tasks undertaken in the program. Among the stated objectives are the ad-
vancement of human knowledge of the Earth and space, the advancement of
space and related technology, the development of manned space flight, and the
use of space knowledge and technology for spec-ific practical applications.

But beyond the immediate objectives there quickly emerged a broader, morn
important overall objective the full signifleance of which becomes clearer as we
continue to move ahead. This broader objective is the establishment and main-
tenance of a strong, national capability to operate in space and to use space fully
in the national interest. Thus, while our scientific and applications ,.Jellites, deep
space proles, and manned flights have been effectively ineeting n ► any of the more
i ,nnlediate objectives, they have also been strengthening the sinews and extend-
ing the power of our o • erall national space capability. Might now. we are able to
op ►crate by antolnated technigw- fron ► near the Elarth out to hundreds of lnil-
l i oins of miles into interplanetary space, and we are on the threshold of extensive
operations with matt in space.

Our national space capability is multi-faceted. On the one hound there are the
many tools of the trade. These tools include, of course, the rocket aid space-
craft with their hardware, nanwly, propulsion systems, guidance and control
equipment, ioower supplies, radio transmitters, inewuring instrtnnents, data col-
lection and processing equipment, and life support and recovery systems. In addi-
tion there are the industrial complexes required for manufacture, assembly, test,
and checkout of components. subsystems, space vehicles, and spacecraft. There are
fac • lities for preparation and launching of space vehicles, while nets of ',round
stations have been established for tracking and telemetering operations'

Buta space capability is a dynamic thing. It exists only so long as it is nour-
ished and used. The most important single element of a space capablifty is the



NASA AUTHORIZATION FOR FISCAL YEAR 1968 	 437

national team of highly trained and experienced people in industry, in govern-
ment, and in our universities and colleges, who have fte know-how and the skills
to build rockets and spacecraft, and who arc engaged in launching them, operat-
ing them in space, and applying them to accomplishing selected national objec-
tives.

Such it space capability, established and kept in being, provides the basis
for many options. When the Space Age began, we as a nation were constrained
to responding to the challenge represented by Sputnik I with whatever we could
do in space. A decade later the situation is entirely different. The number of
space goals that are now within reach is so great that we can set aside the ques-
tion of what can we do and turn our attention to what should we do.

The most important aspect of our present posture in space is the freedom of
choice we have earned in space matters. It is a freedom of choice that we must
maintain. In the interests of national security, we must be in a position to exert
the same type of control over our own activities in space that we exert over our
use of the seas. The total dimension of space, and the scope of its potentialities,
are so great that we cannot take the chance of permitting another strong nation
to acquire mastery over space while we do not. We cannot allow ourselves to get
into a position where some other country may deny us the use of space either for
the development of our national technology and welfare, or for the defer-se of
our nation. Certainly, we cannot, through default, permit another nation to be
in the position of using space capabilities against us while we are unable to
take appropriate countermeasures.

National prestige is another reason Nvhy we cannot afford to lag in the space
effort. Unquestionably prestige had a great deal to do with our vigorous entry
into the space program. But, as the years have gone by, some have cone to ques-
tion the wisdom of according any :<pecial importance to this matter of prestige.
There is a tendency to equate the search for prestige with false pride ai:d vanity.

False pride and vanity are indeed pitfalls to be avoided. Prestige is only as
important as its foundation. The prestige of the wealthy is founded on the power
of money. The prestige of space activity rests on the power of technology. Thus,
in these times when technology plays such a pervasive role, scientific and tech-
nological prestige have a definite inflopnee at the negotiating table, and oil
ether nations turn to seek guidance, and to buy technological products, services,
and training. Morcover, leadership in greet, imaginative, and courageous under-
takings is more than vanity. It is a matter of self-respect, and even of duty. It
is a matter of continuing national development. No great country can sidestep
the significant challenges of the time. And space is such a challenge.

It is all intuitive understanding of these points that has led countries around
I he world to equate preeminence in space with technical leadership on Earth.
But the impact of the space program goes beyond intuition. The impact can be
seen, and felt, and documented, and may well be the most significant effect of
sluice research and exploration.

The scope of the space program is broad, more diverse in nature "hull any
other technical undertaking of our time, and it is unclassified. As a consequence
it engages the attention of a greater diversity of scientific and technical talent
than would be the (-rise if the program were narrower or were classified. The
result is a wide range of people working to make the program a success and to
derive nu ► xiwum benefit from it, scientific, technical. social, economic, political.

Moreover, the progrtun deals in concepts that can be understood by ever y
-one. It is easy to identify Nvith the astronaut rocketing into space and in this

way to share vicariously the excitement of opening this great new frontier.
The effort to define and understand our environment, to explore the planets.
to observe and measure the behavior of the Suit 	 its influence on the Earth.
and to search for life oil planets, has a meaning for people that quantum
electrodynamics, parity, hyperons, strangeness, quarks, and other concepts of
modern physics could never have. In assuming some of the aspects of what
used to be called natural philosophy, space research and exploration call engage
the attention and interest of the man in the street, and can play an important
role in shaping his own concept of the world and his place in the scheme of
things. It has certainly caught the imagination of the younger ge..eration, and
aroused the enthusiasm. Thus, in a very real sense the sluice program touches
virtually everyone.

But this impact is not iuerely emotional or intellectual. Although difficult to
dehiie item by item, the impact is also very practical in nature, because the
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process of achieving success in the very demandi::g missions of the space effort
forces advancement of technology at the very frontier of knowle^lge and capa-
bility In an extremely broad range of disciplines. It is worth developing this
point by citing a nuiiiber of examples.

The space progra ► n forces its to advance our capabilities in cnc • rg11 uaanagc-
imt. This is very clear in the case of the large space vehicles " , )lose thrusts are

► neasured in the millions of pounds. But it is also true at the other end of the
scale where we may use very small jets for accurate pointing of a spacecraft,
or even sn ► aller quantities of energy to make a very pr(q-ise ► neasurcmeat of the
space environment. XVe ntus: learn to store :energy, often, over long perlods, of
time, and call it forth at the right thees in the right ainounts tc: (if) our bid+lint;.

'1'1 ► e requirement to store energy for use at selected times, leads immediately
to the demand for pea• and Ixetter power eour,-rx. Not only must conventional
batteries; be ii: ► proved, but new sources have io lie developed. The demau ► als range
from fractions of it xwatt. to megawatts, and iron ► minutes of operation to u,aany
years. To meet these needs there is work trader way on batteries, fuel cell,;,
radioisotope-thermoelectric generators, space reactors, solar cell systems. :aid
solar collector mirrors. It is clear teat once developed these will have a ,broad
range of applications far beyond just the sp awe prograiu

It is clear that the extensive use of rockets over the past tell years and the
demands of modern aeronautics force advances in propulxin ►i techn.ologll. Rath
soli('. and liquid chemical propulsion hate(- achieved all advanced  StRtUS. Man y
pru-pellant combinations that not long ago there regarded its exotic, such as liquid
hydrogen anti liquid oxygen, are now in voijimon rise. AN'ork is underway on
nuclear propulsion, and some pro gress is being ninde in plasma and electric
prop ►ulsioi; techniques.

The field of Plc^tronirx feels the stimulus of space demands, not only in con-
ventional electroni(N, but it! miniattirc and subntiuiature and u ► ivrominiattire coil) -
p ►onents and techniques. High reliability is : ► must. and long lifeth ae an ever more
f l-.Yptient requirenter ►t. Better naanufm—turing techniques and improved testing
a»d selection procedures must be devised. Because of the widespread use of
electronic in modern work and h y ing, the benefits of improvements in the field
are ininiediat^-ly felt.

Itatcrialx reacareh must provide the walls of high-temperature high-pr?ssure
combu: tio.. chambers. the Unings for ronket nozzles, the nosecones for high-
speed reentry bodies, plastics that can survive the space environment, ph;c to-
sensitive substances for detectors and energy collectors, and h;bricants to func-
tion in the hostile space environment. The effect Is to expand the catalog of
materials available to the designers and engineers not only of space projects but
of Earth-based projects as well.

The stringent requirements to conserve weight In spacecraft demands advances
ill the field c ►f .rtructural design. The effort to establish large optical or radio
telescope facilities in space will stretch ;he ingenuity of the structural designer
to the ut.aost.

We can continue the list indefinitely, discussing in similar manner communica-
tions, guidance and control, navigation and astronautics, measurement techni-
ques, datit and information management, computers, biotechnology, biomedicine,
human ei,gineering, psychology, foods, toxicants, environmental control, etc.

This is one of the greatest values of the national space prograin. It may be
likened to a challenging exercise that a gra dnate student is given to solve in
order to I.-arn ti ► ereby. The more difficult aind the more suhstantive the problem,
the more lit , )-arns. The more diverse the nature of the problem, the broader the
1111dersta1i 1 0111g :he student develops. For the very same purpose, a scientific and
teelmolo:;ical exercise of the kind represented by the national space program
is in ► po;rta nt in maintaining an,l advancing our national technical strength.

Tt;e SPIV ^e 11n)graiun is especially effective it: this; ro pe twcause in it we attempt
1Lillgs that sit► iply cannot he done without squeezing out the last few percent in
perfornaait ep. We operate at the very frontiers of understanding and technology.
1Ce must luiv;- success on every try or astronauts' lives may lie lost in the case
of manned space or an opp4iritmity may he lost ill the case of missions to
plat ►ets that lollow "inetables over which we have absolutely no control. This
requires the utmost in engineering discipline frou ► lop inautageme it of n project
down to the ]: ►%v est working level. It den ► ands topmost quality in planning, de-
sign, manufacture, test, and operations. To put it another way, it demands a
better retu.n on our engineering dollar than I;; normall y required in other
human. endeavors.



NASA AUTIIORIZATION FOR FISCAL YEAR 1068 	 439

The program, therefore, forces it fit capability in govera-
n ► ent lmd industry, it demand that is enhanced by the size, complexity, and
novelty of the effort

Tho benefis to the nation are substantial. As it result of this continuing sei-
cnt ifle and techttologleal exercise, we are in as better position as a nation to crake
the right devislons oil important issues that involve technical considerations,
such its problems of transl ►ortntion, poverty, < nvironnumtal vontrol, and matters
of national security. Our improving mini ;event capability is available to plats
and carry out whatever sc ► lutions am decided upon. Because of their diversity
annol broad range, the basic elements of an expanding space capability spill over
into our economy and our daily living throughout the country.

This is no longer merely it 	 of academic discussion. As it result of the
NASA Technology iI'tilization Program over the last several years, it
:unoun ► t of documentation has been built up to establish the reality of the afore-
nlentionccl benefits. .About it specific examples per year attest to the
continuing returns from the slate(- investment. It znust be emphasized, however,
that these individuti rases are collectively only the top of the iceberg. The full
scope and magnitude of this return are hidden in the thinking of those who for
proprietary reasons don't %vant to reveal what they are doing, and in the often
fin1wreeptible but Irresistible molding of the thinking of thousands of others who
profit by the stimulus of the space program, perhaps without consciously real
izing it.

In closing, it should be emphasized that the benefits to our national technical
strength discussed above accrue from all of our scientific and technological ac-
tivity. It is by no ale-ins asserted that the space program may claim sole credit
for our scieatific and technological growth. That would be patently absurd.
We c:un derive such benefits from many large-scale scientific and technical enter-
priser, im oceanography, nuclear lx ► wer, development of national resources, con-
trol of our environment. etc., es1weially if we give conscious attention to mazi-
►nizing the broad-scale benefits while achievin g. the specialized objectives we set
for ourselves. But the space program does have special importance in these
respects, in that. it is unclassifi(il, inroad in scope, unmatched in the tremendous
sp-i-trunn of scientific and technological disciplines involved, unequaled in the
challenge of environment, is of it to make its impact felt throughout
the country, and demands V very best we can do simply to achieve success.

APPENDIX 11

COiiPARISON of US/USSR SPACE SCIENCE

(Robert Jostrow, Director, Institute for Space Studies, Goddard Space Flight
Center, NASA)

From time to tine the question is raised concerning relative standing of t;te
Uni l,ed Staies a('S) and the Union of Sov---et Socialist Republics (USSR) in
space accomplishments. One I.teasure of such relative standing is obtained front
a review of sl- ►► c-e-related articles in the scientific literature. Such it review has
liven comduc-ted by the Goddard Institute for Space Studies.

The US and USSR Journals selected as the basis for the review are listed in
the detaciled report. The staff of the (;(xidard Institute believes that these lists
include every important organ of publication in space-relaated fields ill both
countries, that is, every journal which Is widel y read by the scientific enatlaaaal-
p ity and in which, therefore, all results of significance are certain to be fo!uul.
The lists do not. include minor journals or journals which are not usually the
ineditlmn of communication chosen by scientists for the publication of significant
results. However, this omission applies to both US and USSR lists, and probably
has little effect on the analysis of relative standing.

Because 1361 was the first year the USSR published such space-related articles
in sid-.ncantial numbers and because 1365 is the last year in >:1tivil scientific
publications are generally available in translation, this report covers only the
years 1361 through 1363 inclusive Also, the review was limited to articles in the
physical sciences and does not deal with biomedical and ezobiological
publications.

The report contains three separaterate sections.

i
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Set..wn I breaks by year, and by journal or publication. the number of articles
appearing on the subject of Satellite and R(wket Data in Astrophysics and
Atmospheric Physics: Magnetospheric Physics: and history of the Solar System.

Section II similarly tabulates articles on Planetary Astronomy. This section
inchides numbers of articles concerning visual emissions as well as emissions at
all other wavelengths. Active radar studies are also included. It (lops not, how-
ever, include articles reporting planetary observations carried out %with the aid
of rockets and satellites since these are counted in Section I.

Section III tabulates articles oil Mechanics an(t Astronautics. Tile
subject matter of artic les included in this section •anges front theoretical dis-
cussions of 3-body problems to calculations of trajectories for entry il ► to the
atmosphere. Articles analyzing observations oil 	 orbits of artificial satellites
are included in the first section and not counted again in the third section.

Cases of multiple vublication, that is, repor t s oil same piece of research
written in slightly different ways, or with different emphases, and publisho^ l. in
several journals, have been counted only once in the tabulation. The count of
l,ubli(ations would be higher for both the US and USSR if multiple counts were
included. The procedure followed permits one to view relative nwnlwrs as roughly
equivalent to relative volume of new output.

At the end of the report is a bibliography of the individual USSR papers
counted in the report.

A comparison of numbers of published articles by year and by subject shown
the United States to t.c ieading. In general, by category, by section, and by year,
the numbers of USSR articles range from about 20 percent to about ti0 percent of
I'S articles published. For 1961, however, for Section I alone, which deals with
Satellite and Rocket Data in Astrophysics and Atmos2)herie Physic, Magne-
1 , K-pherie Physic`, and the History of the Solar System, the USSR publications
amounted to 107 per►-ent of those published by the US. But taking all three sec-
tions of the report, together, the total number of publications by the USSR in
1961 is only 81 percent of the total published by the US. Of the five years covered
in the report in ali categories collectively, t: , - number of USSR articles ranges
fn ►m 40 to 81 percent of US articles.

The Goddard Institute has also supplied all of the quality and
significance of US and USSR publications in major fields of space science. This
assessment is given below. It consists of the general impressions of the Director
of the Goddard Institute regarding the recent literature in space science, and
.-c-garding the sources of major recent discoveries in spa(v-related fields, sup-
plemented by his summary of conversations with several scientists located in
NASA and US universities, who are currently active in individual areas of space
science, and have been keeping a clog watch on the literature relating to their
slwci alties.

The scientists consulted in this connection were Gordon J. F. MacDonald (solid
Earth physics, atmos pheric physics: also trapped particles, solar wind and the
interplanetary medium), Richard Goody (physics of the lower atmosphere),
Joseph W. Chan. ; °rlain ( physics of the upper atmosphere) , Wilmot Hess ( trapped
Irarticles and the interplanetary medium), Patrick Thaddeus and Neville Woolf
(planetary astronomy and astrophysics), Bruce Murray (planetary astronomy),
Fred Haddock ( radio astronomy) , and A. G. W. Cameron ( Moon and planets.
astrophysics) .

Some material also has been drawn from the detailed and excellently docu-
mented report, "Soviet Space Programs, 1962-65 , Goals and Purposes, Achieve-
nientc, Plans, and International Implications," prepared by the staff of the
Senate Committee on Acronautical and Space Sciences.

It is important to note that the comments offered below are subjective in that
they reflect the personal judgments of the Director of the Goddard Institute, and
of scientists consulted by him, regarding developments in space science which
they consider to have been of exceptional importance, as compared to other de-
velopments which they view as interesting but less fundamental.

To begin, it has been noted in a previous section that the volume of USSR re-
search in space-related fields is smaller by a factor of two or three than the
volume of US research in these fields. However, most US scientists who have been
in contact with their Soviet counterparts consider that the quality of USSR
scientific personnel is comparable to that of US persomiel. A few USSR sci-
entists are brilliant, as good as the best American scientists; this small group
provides most of the significant new ideas of fundamental importance. The
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majority are capable and productive, and do the equally important research re-
quired to reap the full benefits from the developments generated by their more
Inspired colwagues.

Bearing in mind this parity of L?S at,d USSR scientific talent, we may expect
that the number of significant new discoveries originviting in the USSR in space-
related fields will be roughly proportiwial to the volume of USSR publications
in space science.* That is, a third to a half of major developments should orig-
inate in the USSR.

It is surprising to find that this is not the case: in many space-related fields,
where the amount of vitally significant, interesting and carefully perforrled
USSR research is smaller than would be indicated by the nuwi)er of space science
rapers published in the USSR.

Jfagnetospherc and Interplanetary -Medium. Taking up the separate fields of
research in turn, we consider first the study of the magiietosphere and the in-
terplanetary medium. In this field, the USSR had, four er five years ago, a pro-
gram comparable to that of the US, both in volume of publication and in im-
portance of new research results. In some areas, e.g., the study of charged
particle populations by ion traps, excellent Soviet work preceded similar work
in the US. It appears that this is no longer the case today, if we can judge by
published Russian research. Almost all of the important recent work in the field
has been done in the US, including the extensive mapping of the trapped particles
and the magnetic field in the vicinity of the Earth, and the elucidation of the
geomagnetic tail in the solar wind. If the published record is used as the basis
for judgment, it seems that USSR work on trapped particles has declined sub-
stantially in recent years.

Planetary Atmospheres. A very large Soviet program has been mounted in
planetary atmospheres but has been relatively unproductive. A, smaller US
program, involving fewer launches, has achieved significant results, including
the limb-darkening data obtained on the Mariner Venns mission and the radio
occultation studies of the Martian atmosphere on the Mliriner Mars mission.

Lunar and Planetary Studies. Current USSR contributions in this field are
more significant, relative to those of the US, than in the fields previously dis-
cussed. The USSR has scored a number of important .lunar "firsts," including
photography of the hidden side of the Moon, a measurement of the lunar mag-
netic field, a measurement of lunar surface radioactivity, and the first detailed
photographs of the Moon's surface from a lunar lander. However, those USSR
experiments cften appear to be relatively crude, and, as a consequence, offer dis-
appointingly little information. For example, in the USSR lunar orbiter an
experiment was included for the measurement of a lunar magnetic field esti-
mated to be in the neighborhood of 15 to 30 gammas in strength, but in the USSR
paper the precision of the measurement was started to be -* 10 gammas. It can
he stated with confidence that US scientists would not fly an experiment in which
the uncertainty of measurement was comparable to the expected magnitude of
the effect.

USSR lunar radioactivit y data also appear to have been disappointingly-
poor. Initial statements that the level of lunar radioactivity was comparable to
that of basaltic rocks have not been followed up by the publication of detailed
data ; it appears that the experiment was not designed to differentiate between
natural radioactivity and radioactivity induced by cosmic ray bombardment,
hence it yielded only an upper limit on the level of natural radioactivity.

Regarding theoretical planetary studies, an authority on the origin of the
solar system and the history of the Moon and planets offers the opinion that
theoretical work on these subjects in the USSR is relatively poor: he suggests,
as a reason, that USSR workers in this field are not fully cognizant of the
latest US' results on meteorites, isotope ratios, and related geochemical studies.
which are the prime source of information on lunar and planetary history. He
believes that USSR laboratory and observational work in these areas is inferior
to that of the US.

Physics of the Lower Atmosphere; Atmospheric Circulation; Basic Studies in
Meteorology (Excluding Operational Uses of Cloud Cover Photographs). In this
field the relative position of the US to the USSR is different from that noted in

*This remark rests on the premise that the volume of open publication in the USSR
reflects the volume of scientific work. This is surely not the case in all fields of Russian
science and technology ; however, it is probably a valid assumption for the fields of basic
research which are the subject of the present report.
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previously discussed fields. There is a far stronger effort In the USSR, involv-
ing greater numbers of professional scientists and students In training, than
exists in the US, in all fields of basic research relating to the process" whhh
determine climate and long-range weather patterns. Specifically, the heat bal-
ance of the Earth and its atmosphere and oceans, the geographical and temporal
distribution of the solar energy input to the Earth, and other factors contribut-
ing to our understanding of theforces which control weather and climate, are the
subjects of intensive research by USSR scientists ie many institutes.

It is paradoxical that US satellite observations of these basic meteorological
data are in a relatively advanced phase. The US is obtaining it rapidly inereas-
;ng amount of information oil energy input to the Earth, and oil out-
flow of heat from the planet to space.

However, relatively little use is being made of this basic information in the
US. Arking and Rasool at the Goddard Institute are among a very small number
of Ileople who are actively interested in the application of these data to clima-
tology, to the circulation of the oceans and atmosphere, and to the basic under-
standing of the processes which generate large-scale weather activities.

The USSR has at far stronger level of interest in these problems. Among senior
atmospheric physicists of higher cali per in the USSR in this field, onto tray men-
tion Kondratiev at Leningrad University, Budyko and Shifrin at the Physical
Institute at Leningrad, and Rosenberg at the Institute of Atmospheric Physics
in Moscow.

In the important field of scattering of radiation from the Earth's atmosphere,
including clouds and aerosols, the USSR has a first-rate observational program
and a strong theoretical activity in the interpretation of their data. In the US
there is relatively little interest in this field, except, again, for a few people
such as Arking at the Goddard Institute, Sekera at the University of California
at I.os Angeles, and, oil observational side, Nordberg at the Goddard Space
Flight Center.

In general, the USSR is stronger in these areas of atmospheric science, with
more students in training and more first-class theorists and observers than is the
case in the US. Also, in atmospheric sciences and climatology in the USSR,
there is less of a gulf between the theorist, the laboratory experimenter and the
forecaster.

Astronomy and Astrophysics. This field is of special interest in a report of U.S.
and USSR space science for two reasons:

First, astronomy has a special relationship to the space sciences, as noted in
the report prepared by the staff of the Senate Committee on Aeronautical and
Space Sciences: "Astronomy pumps the lifeblood of new ideas and new facts into
the space sciences."

Second, the USSR has scientists of exceptional brilliance in theoretical astron-
omy—Shklovsky in particular—who have predicted many important new devel-
opments in astrophysics: and yet, the discoveries which confirmed these predic-
tions have been made, almost without exception, by U.S. astronomers or by
Anglo-American teams. Among these important new developments in astronomy
are: the discovery of quawirs : the discovery of explosions in galactic nuclei; the
discovery of large-scale magnetic fields in galaxies; the discovery of OH mole-
cules in the interstellar gas; the discovery of the cosmic microwave radiation or
"priniornial fireball radiation" (providing the only solid evidence against the
steady state and for the big bang) ; and the discovery of ic"calized X-ray sources
in the sky.

The last item on the list—X-ray sources—leads to the discussion of space
astronomy, that is, astronomy carried out above the Earth's atmosphere at wave-
lengths which are inaccessible M ground based telescopes. This field of space
science is, according to both U.S. and USSR astronomers, the beginning of a new
era in astronomy. In the U.S., Lymon Spitzer referred to the "placing (of)
astronomical objects in space" as "a revolution comparable with the initial
invention of the telescope." Ir) the USSR, M. V. Reldysh, President of the USSR
Academy of Sciences, said: "Of great importance for astronomy will be the
launching of optical telescopes beyond the atmosphere." In 1961, at the time of the
last report comparing U.S. and USSR space science research, it was clear that
space astronomy stood on the threshold of major contributions to scientific
knowledge. In the intervening five years, the U.S. has moved ahead vigorously in
this field, and has acquired preliminary data in X-ray and gamma ray astronomy
as well as much information on solar ultraviolet radiation. More recently, a
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program ill astronomy has been initiated; it has started Nvith ground-
based observations through atmospheric windows in the infrared; is continuing
with a balloon prograin being conducted by the Goddard Institute; and will pro-
ceed to satellite observations in the infrared as the final phase.

The USSR, oil 	 other hand, has done little in space astronomy apart from
very recent studies of solar radiation at short wavelengths.

Coninients. What are the reasons for a USSR record which—with some impor-
tant exceptions—has been relatively lacking in significant and accurate results'!
Several factors seem to be pertinent.

First, Soviet science appears to be dominated—much more heavily than ill
US—by the senior members of the academic communit y, and, in particular, by
institute directors, of whom some are conservative or parochial in their judg•
lnents oil the relative importance of new research developments. Moreover, Insti-
tute direction must be responsive to the centralized control of USCR science by
the Soviet Academy of Sciences. The effect of this kind of control is to suppress
exceptionally original proposals for research, especially since such proposals
often come from relatively young scientists. According to the same Senate Com-
mittee staff report, the great USSR physicist Kapitsa feels that Soviet science
is hindered, among other factors, by the "rigorous control front outside of the
institutional research." Kapitsa states that funds are not the problem. "The
money for science we have, the government does not stint us, we get it more easily
than the Americans .. ." The trouble, Kapitsa thinks, is that the USSR govern-
ment "gives the director of the institute the money, but it severely limits slim in
how to make the decisions on how b spend it."

The Senate staff report concludes its analysis of Soviet astronomy with re-
marks to the effect that the poor showing of Soviet astronomy and associated
developments in space science is partly the consequence of "production-minded-
ness and mission orientation."

Second, US research progresses very rapidly because a rich variety of off-the-
shelf electronics equipment is available, freeing the experimenter front the need
for personally constructing routine elements of his own apparatus; the avail-
ability of fast computers for data reduction and theoretical interpretation of
data also is an important factor.

This productivity of US research, resulting from the ready availability of ex-
perimental equipment and computers, is the consequence of the generous level
of funding for research which has characterized American science until in the
postwar period.

Third, compartmentalization hinders the cross-fertilization between neighbor-
ing fields which characterizes US research. This phenomenon—the impact of
developments in instrumentation and theory in one field on independent prob-
lems in another field--has been proven, in the :•event history of science, to be an
enormously powerful stimulus in scientific research. Perhaps it is the open char-
acter of American society which has allowed and encouraged this free multi-
disciplinary approach: whatever the reason, it seems possible that USSR produc-
tivity in science has suffered from what Kapitsa called "the absence of the com-
munity of feeling among scientists."

U.S. and U.S.S.R. puNications in space acicnec, 196145

1961

Sec. I:
United States------------------------- 82
U.S.S.R------------------------------- 88

Sec. 11:
United States ------------------------- I 54
U.S.S.R ------------------------------- 32

Sec. III:
United Stater ------------------------
U.S.S.R---	 --------------------------- 23

Cumulative:
United States- - - -	 ----------- 176
U.S.S.R------------------------- 143

1962 I	 1963 1964 1965

97 133 119 135
24 50 45 66

64 86 111 120
51 50 56 61

42 115 60 I 69
9 28 29 I 30

203	 334 1	 290	 324
83	 128 I	 130	 157
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U.S. PUBLICATIONS IN SPACE SCIENCE

Cuinulative total of sec8. I to III—Distribution according to journal

1961 1962 19b3 1984 1965

Journal of Gl ophyslcal Research -----------
Astronomical Journal----------------------

61
20

71
29

103
26

98
28

113
30

Astrophysical Journal--------------------- 38 42 42 59 59
Planetary and Space Science______________ 21 4 8 11 13
Journal of?Meteorology -------------------- 3 ------------ ------------ ------------ ------------
Journal of Atmospheric Sciences-____- _____ ____________ 11 6 5 4
Science------------------------------------ 8 10 21 14 27
N,.tune------------------------------------ 11 5 10 11 15
Icarus------------------------------------- ------------

7 i9 --	 -	 1' ----22Journal o! the Aerospace Sciences ---------- 14 21 _-----
AIA A Journal----------------------------- ------------ ------------ 94 44 41
Space Science Reviews -------------------- ------------ 3 5 3 0

Total-------------------------------- 176 I	 203 334 I	 290 324

Sec. I—Sotellife and rocket data in astrorhy8ics and atmo8phcric physics,
magneto8pherie phy8ic8, history of the solar system

1961

55

I	 1962 1963 1964 1965

Journal of Geophysical Research - - _ _ _ _ _ _ - _ 65 92 34 93
Astronomical Journal--------------------- 5 1 0 1 1
Astrophysical Journal_____________________ 2 2 0 3 6
Planetary and Space Science______________ 8 3 5 10 8
Journal of Meteorology -------------------- 3 ------------ ------------ ------------ ----------- -
Journalofthe Atmospheric Sciences ------- ____--____-- 9 6 4 3
Science------------------------------------ 3 10 14 8 17
Nature------	 --------	 ------------------ 6 1 4 4 3
Icarus------------------------------------- ------------ 3 8 1

AIAA Journal----------------------------- ------------ ------------ 2 2
Space Science Reviews____________________ ____________ 3 2 2 ------------

Total- 	 ---	 -- --	 — --.-----------_. 82 97 133 119 135

Sec. II—Planetary astronomy

1961 1962 1963 1964 1965

6 4 11 12 18
1 11 7 16 1C

35 I	 40 41 55 53
3 1 3 1 5

------------ 2 0 1 1
4 0 7 5 9
5 4 6 7 10

------------ 2 8 12 14
------------ ------------ 1 1 C
------------ 0 2 1 C

54 64 86 111 12(

Journal of Geophysical Research____ _ - - - - _ -
As[ronomicalJournal----------------------
Astrophysical Journal --------------------
Planetary and Space Science--------------
Journal of the Atmospheric Sciences -------
Science------------------------------------
Nature------------------------------------
Icarus-------------------------------------
AIAA Journal-----------------------------
Space Science Reviews. ..................-

Total

Sec. III—Cele8tial mechanics and astronautics

1961 1982 1963 1964 1%5

Journal of Geophysical Research _ _ - _ _ _ - _ - -
Astronomical Journal______________________

0
14

2
17

0
19

2
11

2
19

Astrophysical Journal--------------------- 1 0 1 1 0
Planetary and Space Science______________ 10 0 0 0 0
Science------------------------------------ 1 0 0 1 1
Nature------------------------------------ 0 0 0 0 2

Icarus------------------------------------- --------	 --- 2 3 4 6
Journal of the Aerospace Sciences ---------- 14 21 ____________ ____--__-__ ------------
AIA A Journal----------------------------- ------------ ------------ 91 41 39
Space Science Reviews-------------------- ------------ 0 1 0 0

Total--------------------------------I 40 42 115 60 09



1962 1%3 1964 1%5

46
0
6

-
3
4
0

43 36 36
1 1 1
3 S 6

-------- ------------
2

------------
1

4 6 11
0 0 1

i
50	 58 1	 61
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U.S.S.R. PUBLICATIONS IN SPACE SCIENCE

Cumulative total of 8eo8. I to III—Distribution according to journal

Soviet Astronomy, A. J --------------------
Soviet Physics, Uspekhi------------------
Soviet Physics, Doklady__________________
Soviet Physics, JETP_____________________
Academy of Sciences, U.S.S.R..:

1. Doklady, Earth Sctenees Section___.
2. Izvestia, Physical Series ------------
3. Izvestia, Geophysics Series---------
4. Izvestia, Atmospheric and Oceanic

Physics---------------------------
5. Izvestia, Physics of the Solid Earth.

Artificial Earth Satellites------------------
Cosmic Research--------------------------
Geomagnetism and Aeronomy_____________
Space Science Reviews____________________

Total ------------- ------------------

1961 1962 1963 1964 1%5

44 52 41 40 54
2 1 4 2 1
4 3 5 7 7
0 0 0 0 0

7 5 2 1
0 2 0 8 0
1 3 1 0 ------------

------------ ------------ ------------ ------------ 9
------------ ------------ ------------ ------------ 0

66 2 31 ------------ ----------
------------ ------------ 24 50 56

19 15 20 21 23

------------ 0 0

I	 128

1

143 83 130 157

Sec. I—Satellite and rocket data in astrophysics and atmospheric physics,
magnetospheric physics, history of the solar system

1961 1962 1963 1964 1965

Soviet Astronomy, A. J- ---- 	 _ . - _ . _ _ _ 6 1 1 1 3
Soviet Physics, Uspekhl__________________ 2 0 3 1 1
Soviet Physics, Dokladyy 3 0 0 0 1
Academy of Sciences,

1. Doklady, Earth Sciences Section__._ 7 5 2 1 2
2. Izvestia, Physical Series_ _ _ _ - _ _ _ _ - - - 0 2 0 8 0
3. Izvestia, Geophysics Series ---------- 1 3 1 0 --	 ---------
4. Izvestia, Atmospheric and Oceanic

Physics--------------------------- ------------ --	 -	 ----- ------------ ------------ 7
Artificial Earth Satellites ------------------ 56 2 12
Cosmic Research -------------------------- ---------•- -- -- 	 ------ 17 24 31
Space Science Review_____________________ ____________ 0 0 0 2
Geomagnetism and Aeronomy .............. 13 11 14 10 19

88 24 50 45 66Total--------.---.-	 -----------------

Sec. II—Planetary astronomy

1961

	

Soviet Astronomy, A.J------------------- 	 26

	

Soviet Physics, Uspekhl------------------	 0

	

Soviet Physics, Doklady__________________	 0
Academy of Sciences, U.S.S.R.:

1. Izvestia, Atmospheric and Oceanic
Physics --------------------------- ------------

Cosmic Research-------------------------- ------------
Geomagnetism and Aeronomy ------------ 6
Space Science Reviews____________________ ____________

	

Total ---------------------- ------- - 1	 32

Sec. III—Celestial mechanics and astronautics

1961	 1	 1962
	

1963	 1	 1964	 1	 1%5

	

Soviet Astronomy, A.J ---------- .-------- 	 12	 8

	

Soviet Physics, Doklady ------------------	 1	 0

	

Artif eial Earth Satellites ------------------ 	 10	 0

Cosmic Research-------------------------- ------------ ------------

	

Total-------------------------------- 	 23	 3

4 3 5
0 1 0

19 ------------ ------- -----
5 25 25

28 29 30
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NOTES

1. All journals listed in the cumulative tables were examined for articles in
each of the three parts of the survey.

2. All Soviet articles are dated according to the original date of publication.
Page and volume numbers, however, are those of Vie English language
translations.

3. The letters "BC" and "L" after the page number indicate "Brief Com-
munications" and "Letters to the Editor" respectively; not all Brief Communi-
cations and Letters are marked as such.

4. The last issue of Cosmic Research (No. 6) for 1965 was not yet available
in translation. Therefore, the figures given for Cosmic Research for 1965 are
extrapolations based on the number of articles in the 5 available issues. All
other journals were available for the entire period 1961-65.

5. The Soviet journal Radiophysics was not available in translation.
6. In the tables, dashes in any column indicates that the corresponding journal

was not published in that year.
7. Throughout, the following 2 types of articles were not Included:

(a) Surveys and descriptive reviews (although critical reviews were
Included).

(b) Articles describing apparatus.
8. In pt. II (Planetary Astronomy), in particular, the following categories

were not included:
(a) Ground-based observations of airglow, aurora, and gegenschein.
(b) Radio wave studies of the ionosphere.
(c) .Articles dealing with solar corpuscular emission.
(d) Articles dealing with solar radio bursts or flares solely in terms of

their relationship to cosmic ray intensity and/or geomPgnetic or ionospheric
phenomena.

PAST I. SATELLITES AND ROCKETS-TRAPrtw PARTICLF. -HISTORY OF THE
SOLAR SYST1,31

1961
Soviet Astronomy-AJ (Vol. 5)

1. Ultraviolet Solar Aadia.ion and the Transition Layer Between the Chromo-
sphere and the Corona. G. S. Tvanov-Kholodny and G. M. Nikolskii, pp. 31-45
( rocket measuresments) .

2. The Intensity of the Principal Emission Lines of the Night Sky in the
Region of the Gegenschein. L. At. Gindilis and N. N. Pariiskii, pp. 72-77 (rocket
measurements) .

3. Earth Satellites and Geodesy. I. D. Zhonogolovich, pp. 84-90.
4. The Motion of the Space Probe Lunik III. V. T. Gontkovskya and G. A.

Chebotarev, pp. 91-94.
5. 'Man  in Space-The DaNvi ► of a New Age in the Progress of Science. V. G.

Fesenkov, pp. 155-157.
6. Lunar and Solar Perturbations of Lunik III. V. T. Gon;kovskya and G. A.

Chebotarev, p. 728.

Aeadcmp of Sciences, U.S.S.R.-Doklady-Earth. Scienccs Section (Vols. 136-141)
1. Ionization in the Earth's atmosphere and the Energy of the Sun's Short-

Wave Ultraviolet Radiation. G. S. Ivanov-Kholodny, pp. 387-390.
2. Rapid Variations of the Period of Rotation About a Transverse Axis of

the Second Artificial Earth Satellite. V. M. Grigorevsky, pp. 391-393.
3. Nitrogen Ions in the Earth's Upper Atmosphere and Nocturnal Ionization

in Region E. V. G. Istomin, pp. 411-414.
4. The Effect of Outer Drift Currents on the Magneto-Hydrodynaniie Self-

Excitation of the Earth's Magnetic Field. B. A. Tverskoy, pp. 615417.
5. Ionization in the Ionosphere at Night. G. S. Ivanov-Kholodny and L. A.

Ant.onova, pp. 1070-1073.
6. Magnesium and Calcium Ions in the Upper Atmosphere of the Earth. V. G.

Istomin, pp. 169-172.
7. Preliminary Results of an Investigation into Solar X-Rays Using Rockets

and Spacecraft. B. N. Vasiliev, Yu. K. Voronko, S. L. Mandelshtam, L P.
Tindo and A. I. Shurygin, pp. 1066-1069.
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Soviet Physic8-Doklady (Vol. 6)
1. Radiation Measurements During the Flight of the Third Cosmic Rocket.

S. N. Vernov, A. E. Chudakov, P. V. Vakulov, E. V. Gorchakov, Yu. I. Logachev,
and A. G. Nikolaev, p. 43.

2. The Outer Radiation Belt of the Earth at a Height of 320 Km. S. N.
Vernov, I. A. Savenko, P. 1. Shavrin, V. E. Nesterov and N. E. Pisarenko, p. 874.

3. Discovery of the Inner Radiation Belt of a Height of 320 Km in the Region
of the South Atlantic Magnetic Anomaly. S. N. Vernov, I. A. Savenko, P. I.
Shavrin, and N. F. Pisarenko, p. 893.

Soviet Phy8ics-U8pekhi (Vol..)
1. Satellites and Meteorology. K. Ya. Kondratyev, p. 441.
2. The Ultraviolet Radiation and Soft X-Rays of the Sun. 1. S. Shklovskii

( rocket measurements) .

Academy of ScienCe8, U.S.S.R. Izve8tiya-C'eophy8ic8 Serie8
1. The Distribution of Corpuscular Radiation in the Stationary Magnetic

Field of the Earth. B. D. Pletnev, pp. 9&-97.
Artificial Earth Satellites (Vol. 6)

1. Electron Concentration in the Ionosphere to Altitudes of 420-470 km,
Measured During IGY by Means of Electromagnetic Radiation from Soviet Geo-
physical Rockets. K. I. Gringauz and V. A. Rudakov, p. 57.

2. Results of Measurements of the Concentration of Positive Ions in the At-
mosphere, Using Ton Traps Mounted on the Third Soviet Earth Satellite. K. I.
Gringauz, V. V. Bezrukikh, and V. D. Ozerov, p. 77.

3. A Study of Interplanetary Ionized Gas, Energetic Electrons, and Corpuscular
Solar Emission, Using Three-Electrode Charged-Particle Traps Set Up on the
Second Soviet Cosmic Rocket. K. 1. Gringauz, V.V. Bezrukikh, V. D. Ozerov,
and R. E. Rybchinskii, p. 122.

4. Ionized Gas and Fast Electrons in the Earth's Neighborhood and Inter-
planetary Space. K. 1. Gringauz, V. G. Kurt, V. I. Moroz, and I. S. Shklovskii,
p.130.

5. Discovery of Approximately 10-kev Electrons in the Upper Atmosphere.
V. I. Krasovskii, I. S. Shklovskii, Yu. M. Kushnir, and G. A. Bordovskii, p. 137.

6. Variation of the Positive Ion Concentration with Altitude According to
Mass-Spectrometric Data Obtained with the Third Artificial Earth Satellite.
V. G. Istomin, p. 156.

7. Short-Period Changes Associated with Solar Activity in the Intensity of
the Nuclear Component of Cosmic Rays. L. V. Kurnosova, L. A. Razorenov, and
31. I. Fradkin, p. 162.

Artificial Earth Satellites (Vols. 7 and 8)
1. Radio-Astronomical Investigations from Artificial Satellites and Cosmic

Rockets. E. A. Benediktov, G. G. Getmantsev, and V. L. Ginsburg, p. 1.
2. Results of Radio-Astronomical Observations of Soviet Cosmic Rockets.

V. V. Vitkevich, A. D. Kuzmin, R. L. Sorochenko, and V. A. Udaltsov, P. 20.
3. Rotation and Orientation of the Third Soviet Satellite. V. V. Beletskii and

Yu. V. Zonov, p. 29.
4. The Formation of 0+ 2 Ions in the Upper Atmosphere. A. D. Danilov, p. 53.
i. The Ionization of Gases Carried into the Upper Atmospheric Layers by a

Satellite. S. P. Yatsenko.
6. Investigations of the Ionic Composition of the Earth's Atmosphere Per-

formed by Means of Geophysical Rockets During 1957-1959. V. G. Istomin,
p. 64.

7. The Potential of a Metal Sphere in Interplanetary Space. V. G. Kurt and
V. I. Moroz, p. 78.

8. Mass Spectrometric Investigations of the Structural Parameters of the
Earth's Atmosphere at Altitudes from 100 to 210 Kilometers. A. A. Pokhunkov,
p• 88.

9. Ionospheric Perturbations Caused by Moving Objects. A. V. Gurevich,
P. 101.

10. Investigation of the Ionosphere and the Interplanetary Gas with the Aid
of Artificial Earth Satellites and Space Rockets ( Methods and Some Results of
Radio-Wave Experiments) . Ya. L. Alpert, p. 125.
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11. The Foruultion of Mcfecult ► r Ions in the Upper Atmosphere. A. D. Danilov,
p. '_':33.

12. The Spatial Orientation of the Outer Radiation Belt of the Earth and the
Auroral Zones. E. V. (,orchakov, 1).'24'2.

Artificial Earth Mitcilites (Vols. 9 and 10)
1. Peculiarities In Studying the First Photo;raphs of the Outer Side of the

Moon.	 Yu. N. I.11)skii, 1). 4.
_► . SI)otting lieliahle Objects oil I sar Side of the Moon from the first

Imnik I I I Photogralhs. I. 1. Breido, A. A. 'Markelova, and t ►. E. Shchegolev,
p.56.

3.: Determination of the Structure unit Formation of IMcails on the Other ::lde
of the Moon oil Photographs Obtained i T nder Small Phase Angles. A. V. Markov,
I). 6!1.

4. Au Attempt to Study Photometrically the Nature of the Surface Detail
oil 	 Moon's Far Side. A. V. '1Markov and D. E. Shchegolev, p. 79.

5. The Nature of Some Typic ► l l Details oil 	 Mail of the 'Moon's Far side.
A. V. Iihabakov, p. 82.

6. The Structure of the Surfave of the Moon and the Study of the First
Photographs of Its Opposite Side. N. 1 1. Itarabashov, p. 86.

7. The Location of the Inner Radiation Belt and the Magnetic Field of the
Earth. I:. V. Gorchakov, p. 92.

8. The Outer Radiation Belt and Aurorae. E. V. Gorchakov, p. W.
9. Dosimetric Measurements oil 	 Second Soviet Satellite. I. A. Savenko,

N. F. Pl-.arenko and P. I. Shavrin, p. 101.
10. A study of the Short-Wavelengrh Radiation of the Sun. A. I. Efremov,

A. L. 1 ►odtnoahenskii, O. N. Efinlov, and A. A. IA4wdev, p. 139.
11. Investigation of Solar Roentgen .%-.dtation. I. Measurement4 Using Geo-

physical Rockets. S. L. MandeNlitanl, 1. 1'. Tindo, Yu. K. Voronko, A. I. Shurygin,
and B. N. Vasillev, p. 148.

12. Investigation of the Intensity of Charged Particles During the Flights
of the Second and Ti ► ird Orbiting Satellite Probes. V. L. Ginzburg, L. V. Kur-
nosova, V. 1. Logachev, L. A. Razorenov, I. A. Sirotkin, and M, 1. Fradkin.
p. 157.

13. Cosmic-Ray Equator According to Data Obtained on the Second Soviet
Spacecraft-Satellite. I. A. Savenko, P. I. Shavrin, V. E. Nesterov, and N. F.
Pisarenko, p. 182.

artificial Earth Satcllitea (Vol. Il )
1. Investigations of Solar \-Ray Radiation. 11. :Measurements by Means

of Spaceships. S. L. Mandelshtam, I. I'. 74ndo, Yu. K. Voronko, B. N.''asilier,
and A. I. Shurygin, p.1.

2. Measurement of the Solar Far-IT ltraviolet Radiation of Helium. A. V. Bruns
and V. K. Prokofiev, p. 17.

3. The Cosmic Ray Equator as Determined from the Data of the Third Soviet
Satellite-Ship. I. A. Savenko, V. E. Nesterov, I'. 1. Shavrin, and N. F. Pisarenko,
P. M.

4. Tlup Determination of Induced I0dioactivity in the Second Coslllic Satel-
lite-Ship. V. V. Matveev and A. 1 ►. Sokolnv, p. 45.

5. Absclute Concentrations of Ionic Cbmpc ►nent:l of the Farth's Atmosphere
at Altitudes from 100 to 200 kin. V. G. tstomin, p. W).

6. Ions of Extraterrestrial Origin in the Earth's Ionosphere. V. G. Istomin.
1 ► . M.

artificial Eat-tit Satellitce (Vol. 12)
1. Studies of the Composition of Primary (Umn-fic iadiation at aL Altitude

of 320 km. K. I. Alekseeva, L. I- Gabuniya, G. It. Zllc!anov, E. A. Zanlel'alova,
M. N. Shcherbakova, and M. I. Tretyakova, p. 7.

2. Energy Spectra of Variow, Groulls of Cosmic Itay nuclei which were
Obtained in :Measurement by 'Means of Cerer.kov Counters oil

 L. V. Kurnosova, V. I. I.ogaehev, L. A. Razorenov, and Al. I. Fradkin,
p. 18.

:3. A Case of a Short-Term Rise in the Intensity of heavy Nuclei during the
Flight. of Satellite-Spaceship III. L. L, Kurosova, L. A. Razorenov, and At. I.
Fradkin, p. 36.

4. :Measurement of Radiation Doses on the Second, Fourth, and Fifth Satel-
lite-Spaceships. I. B. Keirim-Dfarkus, E. F. Kovalev, and L. N. Uspenskii, p. 52.
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5. The Structure of the Ionized Gaseous Envelope of the Earth According;
to the Data of Direct Measurements of Local Charged-Particle Concentrations
Carric I Out in the U.S.S.R. K. I. Gringauz, p. 114.

6. Some Results of Experiments Carried Out by Means of Charged-Particle
Collectors Carrie(i by Soviet Space Rockets. K. I. Gringauz, 1). 131.

7. Variations in the Mean Molecular Weight of Night Air at Heights from
100 to 210 km. Shown by Mass Spectrometr3. A. A. Pokhunkov, p. 145.

8. Rocket and Satellite Studies of Meteor Dust. T. N. Nazarova, p. 154.
9. On the Origin of the Condensation of Interplwietary Dust Surrounding the

Earth. E. L. Ruskol, p. 159.
10. On the "Dust Envelope" of the Earth. V. L Moroz, p. 160.

Artificial Earth Satcllitca ( Vol. 13)
1. Radiation Belts of the Earth at Heights of 180-250 km. S. N. Vernov,

I. A. Savenko, P. I. Shavrin, V. E. Nc3terov, and N. F. Pisarenko, p. 72.
2. Soft Corpuscular Radiation at a Height of 320 km. in the Equatoria ►.

Regions. I. A. Savenko, I'. I. Shavrin, and N. F. Pisarenko, p. 80.
3. Measurement of the Absorbed Dose on the Third Spacecraft-Satellite.

I. A. Savenko, N. F. Pisarenko, P. I. Shavr:n, and S. F. Papkov, p. 86.
4. Effect of a Decline in Solar Activity on Cosmic Ray Intensity, From 1,458

and 1960 Geophysical Rocket-Probe Measurements. Yu. G. Shafer, p. 90.
5. Analysis of Results of Simultaneous Measurements of Electron Density

in the Ionosphere by Means of Ionosphere Stations and Rockets. K. I. Gringauz
and G. L. Gdalevich, p. 94.

6. Direct Measurement of the Night A°rglow in the X =8640 A Spectral Regio ►► .
T. M. Tarasova, p. 113.

7. Gravitational Separation, Composition, r_nd Structural Constants of the
Nighttime Atmosphere at Heights from 100 to 210 km. A. A. Pokhunkov, p. 116.
Geomagnetism and Aeronomy (Vol. 1)

1. In:es-tigation of the Magnetic Field of the Moon. Sh. Sh. Dolginor, Y ,?. Cr.
Yevoshenko, L. N. Zhuzgov, and N. V. Pushkov, p1l.18-25.

2. Determination of the Electron Spect.runa in the Outer Radiation Belt Dur-
ing the Flight of the Second Soviet Cosmic Rocket. Yu. I. Logavhev, pp. 26-29.

3. The Possibility of Measuring the Temperature of the Upper Layers of the
Atu ►om)here with a Narrow Tube A. Yu. Pre^swunan and S. P. Uatsenko, pp. 4:"S.

4. The Extra-Ionospberic Current System. A. D. Shev!n, pp. 160-171.
Spectrometric Measurements of Ga y Combos tion of the Earth's Atmos-

phere by Means of Rockets and Satellites. V. G. Istom.1 n, pp. 321-328.
6. Cosmic Ray Equator According to the Data of the Thir(1 Soviet Spaceship.

I. A. Savenko, V. Ye. Ne(sterov, 1 1 . I. Shavrin and N. F. Pisarenko, pp. 436-439.
7. Radiation Measurements in the Outer Radiation Belt on 12 February 1961

During; the Flight of a Rocket in lh(i Direction of Vends. S. N. Vernov, A. Ye.
Chudakov, P. V. Vakulov, Ye. V. Gorchakov, and Yu. I. Logaebev, pp. 759-61.

S. DetM. ton of Soft Corpuscular Radiation at. a Height of 320 km. in New
Equatorial Latitudes. 1. A. Savenko, P. I. Shavrin and N. F. I'istarenko, pp. 762-
766.

9. Radation Recording by Soviet Artifi6al Satellites and Space Probes. P. V.
Vakulov, N. N. Goryunov, Yu. I. Logavhev and E. N. Sosnovets, pp. 767-773.

10. Tlr.- A('Celeratlon of Particles in the Earth's Outer Radiation Belt. I. 1'.
Ivanenko and V. P. ShabanEkii, pp. 7741--780.

11. The Problem of the Angular and Spatial Distr<bution of Particles in the
Radiation Belt. Ye. V. Gorchakov and Al. V. Ternovskaya, pp. 781-784.

12. On the Theory of Couloaniu Scattering of Fast Electrons in the FAirtb's
Outer Radiation Belt. B. A. Tverskoy, pp. 785-791.

13. Variations in Cosmic-Ray Intensity and the Solar Wind. N. S. Kaminev,
pp. 7929-795.

1962

Soviet Astronomy-AJ (Vol. 6)
1. On the Nature and Origin of Comets. 1'. G. Fesenkov, 1 ► i ► . 459-464.

Academy of Sciences, U.S.S.R.-Doklady-Earth Sciences Section (Vol. 142-147)
1. Dust Layers in the 171)IK , r Atmosphere. A. E. Mirikov, p. 3--4 (Vol. 142)

( rocket measurements) .
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2. Experimental Determination of the Radiation Leaving the Earth. A. V.
Liventsov, M. N. Markov, Yu. I. )vierson, M. R. Shandlev, pp. 6-7 (Vol. 146).

3. Measurements of the Strength of the Electrostatic Field on the Surface of a
Rocket Moving in the Ionosphere. G. L. Gdalevich, 1 ►. 1,54's ( Vol. 146) .

4. Investigation of .l' Radiation from the Sun During the Total Solar Eclipse
of February 15, 1961. It. N. Vasiliyev, pp. 1-2 ( Vol. 142).

5. Investigation of the Lower Ionosphere by Means of Long Radio Waves and
Low Frequency Radiosondes Placed Aboard Rockets. Detection of a New Iono-
sphere Layer. 1 1 . Ye. Krashushkin and N. L. Kolesnikov, pp. 10-11.

AcadcmU of Sciences, U.S.S.R.-Izvcstia-Physical Series (Vol. 261-6)

Transactions of the Conference on Cosmic Rays (5-15 June 1961)

1. Investigation of Radiation in Flights of Satellites, Cosmic Vehicles, and
Rockets. 1. V. Vakulov, S. N. Nikolaev, N. F. Pisarenko, I. A. Savenko, A. E.
Chudakov, and 1. A. Shavrin, p. 760-783.

2. Variations in Cos ►nle Rays and Electromagnetic Conditions in the Vicinity
of the Earth, in Corpuscular Fluxes, and in Interplanetary Space. L. I. Dorman,
p. 800-809.
Acadeiny of Sciences, U.S. S. R.-Izventiya-Geophyxies Series

1. The Energy Sources of the Upper Atmosphere. Yu. I. llalperin, p. 174- 171).
2. Interaction Between the Solar corpuscular Cream and the Outer Geoinag-

netic Field in the First Stage of a Magnetic Stortn. V. 1). Pletne and V. V. Temny,
pl i. 624-625.

3. Angular Anistropy of Radiation in the Earth's Radiation Belts. A. I. Ersh-
kovich and V. I). Pletne, pp. 896-1)k.

Artificial Earth ti'atellitcs (1'01. 14).
1. 3feasureu ► etit of the Ear `h's IIeat Radiation into Spa;.^e from a Iligh -Altitude

Geophysical Automatic Station during the Total Solar Eclipse of February 15,
1961. I. P. Averyanov, et al., pp. 4855.

2. Spectrometric Investigation of the Ozone Layer Up to all 	 of 60 ten).
A. V. Yakovleva, et al., pp. 58-8.

Geninagnetfs ►►t and Acranoniy (Vol. 211
1. Magnetic Measurements Aboard the Venus Automatic Interplanetary Sta-

tion. Sh. Sh. Do gginov, Ye. G. Yevoshenko, I. N. Zhuzgov, acd N. V. Pu..Skov, pp.
28-30.

2. The Earth's Radiation Belts at Heights of 180250 km. S. N. Vernov, I. A.
Savenko, P. I. Shavrin, V. Ye. Nesterov, and N. F. Pisarenko, lip. 31-36.

3. Some Investigations of the Nuclear Con ► ponent of Cosmic Rays and the
Earth's Radiation Belts Carried out oil Artificial Satellites and Rockets:
A Review. V. L. Ginzhurg, L. V. Kurnasova, L. A. Razorenov, and M. I. Fradkin,
1 ► 1 o. 165-19.5.

4. Intensity of Short-Nave Solar Radiation and the Itate of Ionization and
Recombination Processes in the Ionosphere: A Review. G. S. Ivanov-Khol,►dny,
1 ► 1 ► . 31.1"111.

5. Identification (.f Solar Radiation Lines in the Short-Wave Region of the
Spectrum Ns 1100A. G. S. Ivanov-Kholodny and G. M. Nikolskii, pp. 3.54,306.

6. The Geographical Distribution of Auroras and the Earth's Radiation Belts.
S. I. Isayev, pp. 552-556.

7. Ionization of the Upper Atmorrl►here by Rolar Short-Wave Radiation. G. S.
Ivanov-Kholodny, pp. 561-571.

8. Preliminary Results of Measurements of the Ileight of Ionospheric Ill ..
luanogeneities from Artificial Earth Satellite Signals. L. Ni. Yerukhimov, pp.

7'2-574.
!). Concerning an Effect During Measurement of p lectron Concentration in the

Ionosphere by the Antenna Probe Method. C. G. Getmantsev and N. G. Denisov,
lip. 575--577.

10. The Ring Current, Geomagnetic Disturbances and the Radiation Belts.
I. A. Zhulin and I. V. Kovalevsky, pp. 949-S50.

11. Some Results of Nieasnrements (if the Constant Geomagnetic Field above
the U.S.S.R. from she 'Third Artificial Earth Satellite. Sh. Sh. Doglinov, L. N.
Zliuzgov, N. V. Pushkov, L. 0. T urlmino, and I. V. Fryanzinov, pp. 877-889.

►
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1963
Eonirt Astronoa ► ll-AJ (Vol. 7)

1. Synchrotron Radiation of Charged Particles in it Dipole Magnetic Field.
A. A. Korchok, pp. 764--771.

Academy of Sciences, U.S.S.R.-Jzvestia-Gcopl ► Uaics Scrics
1. On the Role of Solar Cosmic Rays fit 	 Formation of the Electric Com-

ponent of Radiation Zones of the Earth. A. I. Ershkovicn, pp. f166-967.

Soviet Phl/,vies-11,Npckhi (Vol. 6)
1. Effects Produced by an Artificial Satellite Rapidly Moving in the Ionosphere

or in an Interplanetary Medium. Ya. L. Alpert, A. V. Gurevleh and L. I'.
Pitaevskii, p. 13.

2. Water Vapor in the Stratosphere. 1I. S. Malke^ Ich, Yu. B. Samsonov, and
L. I. Koprova, p. 390.

3. Neutral Hydrogen Near the Earth and in Interplanetary Space. V. G.
Kurt, p. 701 (rocket measurements).

Artificial Earth SateUitcs (Vol. 15-17)
1. High -Altitude Optical Station for the Investigation of the Atmosphere.

A.11. Kasatkin, pp. 3-2 1 (Vol. 15).
2. A Transient Increase in the Intensit y of the Radiation Recorded by Sputnik

V on August 20, 1960. L. V. Ktnrnosova, L. A. Razorenov, and M. I. Fradkia, pp.
68-73 (Vol. 15) .

3. Interpretation of Upper-Atmosphere Rocket Measurements Obtained with
it Thermolumineseent Phosphor. T. V. Kazachevskaya and G. S. Ivanov-Kho-
lodny, pp. 83-86 ( Vol. 1 5) .

4. On the Results of Experiments with Three-Electrode Charged Particle
Counters in the Second Radiation Belt and the Outermost Charged Particle Belt.
K. I. Gringauz, S. M. Balandina, G. A. Bordovskii, and N. Al. Shyutte, pp. 94-
100 (Vol. 15).

5. Direct Observations of Solar Plasma Streams 1,900 ,000 km. from the Earth
on February 17, 1961 and Concurrent Observations of the Geon.agnetic Field.
K. I. Gringauz, et al., pp. 100-103 (Vol. 15).

6. Measurement of Electrostatic Field Strength on the Third Artificial Earth
Satellite. I. M. Imyanitov and Yu. Al. Shvarts, pp. 60-4&"), (Vol. 17).

T. Measurements of the Electrostatic Field on the Surface of Geophysical
Rockets Moving Through the Upper Atmosphere. 1. M. Imyanitov, G. I.. Gdale-
vich, and Yu. M. Shvarts, pp. 66 -80 ( Vol. 17) .

8. On the Correlation between the Period of Rotation of Satellite 19r,8 8 1 and
Solar Activity. V. M. Grigorevskii, pp. 81-99 1 Vol. 17) .

9. The Reception and Investigation of the Radio Signals Transmitted by So-
viet Lunar Probes. V. A. Kotelnikov, et al., pp. 90-99 (Vol. 17).

10. Ion Exchange Processes in the Upper Atmosphere. A. D. Danilov, pp.
18-29.

11. Variations of Atmospheric Density at Heights of More than 200 km. V. 1'.
Mikhnevich, pp. 302.

12. Measurements of the Electrostatic Field at the Surface of at Rocket during
its Flight in the Ionosphere. G. L. Gdalevich, pp. 43--59.

Cosmic Research (Vol. 1)
1. Study of the Magnetic Fielcl in Cosmic Space. Sh. Sit. Dolginov and N. V.

Pushkov, p. 45.
2. Certain Problems in the Interpretation of Measurement Data on Outgoing:

'Andiaticn Obtained with Meteorological satellites. K. Ya. Kordratiev, p. 78.
:3. Structural Characteristics of the Radiation Field of the Earth as a Planet.

E. 1'. Borisenkov, Yu. P. Doronin, and K. Ya. Kondraticv, p. 89.
4. Upper - Atmosphere Research with the Cosmos 3 and Cosmos 5 Satellites.

2. Soft Corpuselem. V. I. Krasovskii, Yu I. Galperin, N. V. Dzhordzhio, T. 11.
1lulyarchik, and A. D. Bolyunova, 1). 104.

5. Upper -Atmosphere Research with the Cosmos 3 and Cosmos 5 Satellites.
3. High-Energy Corpuscles. V. V. Temny, p. 111.

6. Upper - Atmosphere fiesearch with the Cosmos 3 and Cosmos 5 Satellites.
4. Density of the Upper Atmosphere at Heights of `:00-230 km. Al. Ya. Marov.
P. 115.
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7. Distribution of Helium, Nitrogen, and Argon in the Earth's Atmosphere
at Altitudes of up to 430 km. A. A. Pozhunkov, p. 118.

8. Measurement of the Atmospheric Density by Means of Devices Mounted
on Unoriented Satellites M. N. Izakov, p. 126.

9. A Procedure for Measur;ug Atmospheric Temperature with Instruments
Carried by a Satellite. M. N. Izakov, p. 129.

10. Preliminary Results of a Study of Meteoric Matter Aloug the Trajectory
of the Interplanetary Station "Mars 1." T. N. Nazarova, A. K. Bektabegov, and
O. D. Komissar ►v, p. 137.

11. Radiation M,.: ► itoring During the Flights of the Spaceships Vostok 3 and
Vostok 4. I. A. Savenko, N. F. Pisarenko, P. I. Shavrin, and V. E. Nesterov, pp.
144-145.

V1 Requirements on the Accuracy of Derivation of Meteorological Data from
Artificial Earth Satellites. B. M. Novikov and V. A. Zyobrikov, pp. 207-212.

13. Suprathermal O + Ions in the Upper Atmosphere. V. G. Istomin, pp. 217-
: 21.

14. Mass-Spectrometric Measurements of the Distribution of He+, N +, O+
NO+ and O Ions in the Earth's Atmosphere Up to a Height of 430 km. A. A.
Pokhunkov, pp. 222-224•

15. Effects of High-Energy Protons on Silicon Photocells. B. M. Golovin,
G. M. Grigoreva, A. P. Landsman, and B. P. Osipenko, pp. 225-237.

16. Investigation of Cosmic Radiation Beyond the Limits of the Atmosphere.
N. L. Grigorov, D. A. Zhuravlev, M. A. Kondratieva, I. D. Rapoport and I. A.
Savenko, pp. 360-365.

17. Density and Intensity Distributions of Charged Particles without Allow-
ance for the Interaction in a Steady-State Geomagnetic Field. Y. D. Pletnev,
p• 333.

Academy of Sciences, U.S.S.R.-Doklady-Earth Sciences Section (Vol. 148-153)
1. Measurement of tho Strength of the Electrostatic Field at the Surface of

Geophysical Rockets. I. M. Imyanitov, G. L. Gdalevich, and Ya. M. Shvarts,
pp. 4---6 ( Vol. 148) .

2. Altitude Distribution of Charged Particles in the Ionosphere and the Tran-
sitional Region between the Helium and Oxygen Ionic Layers from Cosmos-2
Ion Trap Experiments. K. I. Gringauz, B. N. Gorozhankin, N. M. Shyutte and
G. L. Gdalevich, p. 4-6 ( Vol. 151) .

Geomagnetism and Aeronomy (Vol. 3)
1. Radio Investigations of the Structure of the Ionosphere by Means of the

Cosmos Satellites Using Coherent Frequencies. Ya. L. Alpert, V. B. Belynasky,
and N. A. Mityakov, pp. 6-17.

2. Electron Concentration in the Outer Ionosphere According to Observations
of Sputnik III. K. H. Schmelovsky, P. Klinker and R. Knut, pp. 18-26.

3. Cyclotron Radiation of Charged Particles in a Dipole Magnetic Field. A. A.
Korchok and N. A. Lotova, pp. 27-31.

4. Characteristics of the Motion of Charged Particles in the Geomagnetic
Field. A. F. Kovalevsky, pp. 37-47.

5. The Magnetic Field of the Ring Current. A. D. Shevnin, pp. 172-179.
6. Some New Results of Geophysical Investigations by Means of the Cosmos 3

and Cosmos 5 Satellites. V. I. Krasovskyi, Yu. I. Galperin, V. V. Temny, T. Ili.
Mulyarchik, N. V. Dzhordzhio, M. Ya. Marov, and A. D. Bulyanova, pp. 338-344.

7. The Mechanism of Generation of Very Low Frequency Electromagnetic
Radiation in the Earth's Outer Rediation Belt. V. V. Trakhtengerts, pp. 365-371.

8. Electron Acceleration in the Earth's Radiation Belts. V. N. Tsytovich, pp.
498-504.

9. The Refraction and Doppler Shift of Radio waves Emanating from an
Artificial Earth Satellite in a Three-dimensional Nonhomogeneous Ionosphere.
Ya. L. Alpert, pp. 505-511.

10. Structure of the Earth's Radiation Belts at a Height of 320 km. S. N.
Vernov, 1. A. Savenko, P. I. Shavrin, and L. V. Tverskaya, pp. 657-659.

11. Results of Radio Observations of Cosmos 1 and Cosmos 2 in the Crimea.
N. A. Mityakov, E. Ye. Mityakova and V. A. Vherepovitsky, pp. 660.

12. A Method for Investigation of the Ionosphere by the Ground Reception
of Radio Signals from Artificial Earth Satellites. N. A. Mityakov and E. Ye.
Mir yalcova, pp. 694-701.
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13. The Bow Shock Wave in Front of the Earth and its Influence on the Radia-
tion Belts. M. A. Ginsburg, pp. 906-907 (BC) .

14. The Latitude Dependence of the Index of Fluctuation of Radio Signals at
20 M(,-Is Emanating from Artificial ]Earth Satellites. K. Kh. Shmelovsky, pp.
907-908 (BC) .

1964

Soviet A8tronorny-AJ (Vol. 8)
1. Earth Satellites and Geodesy. 1. 0. Zongolovich, p. 117-126.

Soviet Physics-Doklady (Vol. 9)
1. Some Calculations Concerning the Thermal History of Mars and the Moon.

S.V. Maeva, p. 945.

Soviet Physic8-0pekhi (Vul. 7)
1. Soviet Satellites and Rocket Investigations of the Nuclear Component of

Cosmic Rays. V.L. Ginzburg, I.V. Kurnasova, L.A. Razorenov, and M.I. Fradkin,
pp. 230-269.

Academy of Sciences, U.S.S.R.-Doklady-Earth Sciences Section (Vol. 154-
159)

1. Satellite Observations ( Electron-2) of the Relation between Magnetic
Field Variations and Positive Ion Fluxes within the Magnetosphere. K.I. Grin-
gauz, Sh. Sh. Dolginov et al., pp. 7-10 ( Vol. 159) .

Academy of Sciences, U.b'.S.R. Izve8tia, Physical Series (Vol. 28)

(Vol. 28) Transactions of the All-Union Conference on the Physics of Cosmic
Rays (1963)

1. Formation of the Radiation Belts. B. A. Tverskoy, p. 1921-1924.
2. Trapping of Fast Particles from Interplanetary Space. B. A. Tverskoy, p.

1925-1927.
3. Investigation of the Nature of Cosmic Ray Particles Outside the Atmosphere

by Means of Nuclear Emulsions. N. L. Grigorov, D. A. Zhuravlev, M. A. Kon-
dratieva, I. D. Rapoport, and I. A. Savenko, p. 1927-1930. „

4. Investigation of Primary Cosmic Rays. V. L. Ginzburg, L. U. Kurnasova,
V. I. Lugachev, L. A. Razorenov, and M. I. Fradkin, p. 1931-1935.

5. Investigation of Cosmic Rays at High Altitudes. S. N. Vernov, I. A. Sav-
enko, P. I. Shavrin, V. E. Nesterov, N. F. Pisarenko, and R. N. Basilova, p. 1936-
1939.

6. Some Data on the Earth's Radiation Belts, Obtained During Flights of Cos-
mos Satellites at Altitudes of 200 to 400 Km. S. N. Vernov, I. A. Savenko, P. I.
Shavrin, V. E. Nesterov, N. F. Pisarenko, and K. N. Sharvina, p. 1940-1947.

7. Study of Radiation by the Cosmos 17 Satellite. Vernov, Chudakov, Vakulov.
Gurchakov, Ignatiev, Kuznetsov, Logachev, Lyubimov, Nikolaev. Okhlopkov,
Sosnovets, and Ternovskaya, p. 1948-1962.

S. Variations in Cosmic Ray Intensity. L. I. Dorman, p. 1&35-1850.

Co8rnic Research-K08niiche8kie I88ledovaniya (Vol 2, No. 1)
1. Motion of a Charged Particle in a Stationary Magnetic Field in the Mean

Drift Approximation. V. D. Pletnev and G. A. Skuridin, p.45--50.
2. Some Results of Radiation Measurements Carried Out During 1960-1963 at

200-400 km. S. N. Vernov, I. A. Savenko, P. I. Shavrin, V. E. Nesterov, N. F.
Pisarenko, M. V. Teltsov, T. I. Pervaya, and V. N. Erofeeva, p. 119-126.

3. Measurement of the Total Radiation Dose Aboard the Soviet Spaceships
"Vostok-5" and "Vostok-6." I. A. Savenko, N. F. Pisarenk ,), P. I. Shavrin, and
V. E. Nesterov, p. 127-128.

4. Measurement of Soft Radiation in the EQuitorral Region by the Satellite
"Kosmos-4." I. A. Savenko, P. I. Shavrin, N. F. Pisarenko, V. E. Nesterov, Di. V.
Teltsov and V. N. Frofeeva, 1). 129-132.

! 'o8 rnicRe8carch-Ko8wichc8kic1881cdovaniya (Vol.2,.'.Vo.2)
1. Some Questiops on the Interpretation of Radiation Measurements from

Satellites. M. *,;. Slalkevich, p. 209-217.
2. Determination of the Statistical Characteristics of the Radiation Field

Above Clouds. M. S. Malkevich, I. P. Malkov, L. A. Pakhomova, O. V. Rozen-
berg, and G. P. Faraponova, p. 218-224.
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3. The Discovery of Electrons with Energies from 40 eV to 5 keV In the Upper
Atmosphere. T. M. Mulyarchik, p. 225-229.

4. Calculation of the Flux of Outgoing Long-Nave Radiation from Satellite
Data. M. E. Shvecs, p. 230-234.

5. An Experi mental Study of Ion-Exchange Constants in the Ionosphere.
A. D. Danilov and S. P. Yatsenko, p. 235-237.

6. Investigations into Co :3mie Radiation at Heights of 200-350 km by Means
of Satellites Cosmos 4 and 7. R. N. Basilova, S. N. Vernov, V. E. Nesterov,
N. F. Pisarenko, I. A. Savenko, and P. I. Shavrin, p. 238-244.

7. Geographic Location of Particle Intensity 'Maxima in the Outer Radiation
Belt at Low Altitudes. S. N. Vernov, V. N. Erofeeva, V. E. Nesterov, I. A.
Savenko, and P. I. Shavrin, p. 245-249.

Cosmic Research-Kosmichc8kic I88ledovaniya (Vol. 2, No. 3)
1. Geographical Distribution of Radiation Intensity in the Region of the

Brazilian 'Magnetic Anomaly at an Altitude of About 300 km. S. N. Vernov,
1'. E. Nesterov, I. A. Savenko, P. I. Shavrin, and K. N. Sharvina, p. 417-422.

2. Investigation of the Earth 's Radiation Belts in the Vicinity of the Brazilian
'lat;netic• Anomaly at Altitudes of 235-345 km. S. N. Vernov, V. E. Nesterov,
N. F. Pisarenko, I. A. Savenko, O. I. Savun, P. I. Shavrin, and K. N. Sharvina.
1). 423-427

Cosmic Research-Hosmicheskie I881edovaiiiya (Vol. 2, No. ¢)
1. Radiation Investigations During Flight of the Interplanetary Automatic

Stations "Mars-1" and "Luna-4." S. N. Vernov, A. E. Chudakov, P. V. Vakulov,
E. V. Gorchakov, Yu. I. Logaebev, G. P. Lyubitnov, and A. G. Nikolaev, p. 549-554.

Cosmic Re8earch-llosiniche8kic I88ledovaniya (Vo'. 2, %̂,To. 5)
1. Recording the Effects of the High -Altitude Thermonuclear Explosion of

9 July 196'2 with the "Kosmos-5" Satellite. Yu. I. Galperin and A. D. Bolyunova,
1). 669--676.

2. The Possibility of Capturing Charged Particles in the Field of a Magnetic
Dipole if Energy is Lost as a Result of Emission. V. M. Vakhnin and I. N.
Sbvachunov, p. 677-682.

3. Spectrum of Very High-Energy Electrons Arising in the # Decay of the
Albedo Neutrons. A. I. Yershkovich, p. 683-685.

4. Distribution Characteristics of Electrons with Energies Around 100 kev
at Moderately High Altitudes Above the Earth. V. V. Temny, p. 710.

Cosmic Re8carch-K08niiche8kie I88ledovaniya (Vol. 2, No. 6)
1. The Density of the Upper Atmosphere During the Years of Minimum Solar

Activity. 111. Ya. Marov, p. 792^797.
_'. Measurement of Atmospheric Density in the Altitude Interval Between

:i0-70 km. Yu. A. Bragin, p. 798-800.
3. The Image of the Sun in the Distant Ultraviolet Region of the Spectrum.

I. A. Zhitnik, V. V. Krutov, L. P. Malyavkin and S. L. Mandelshtam, p. 801-808.
4. The Distribution of Cosmic -Ray Intensity in the Atmosphere up to an

Altitude of 500 km. Yu. G. Shafer, V. D. Sokolov, N. G. Skryabin, V. F. Lyu-
tenko, A. V. Yarygin and R. B. Salimzibarov, p. 809-812.

5. Some Results Obtained in the Measurement of East-Nest Asymmetry in the
Intensity of Primary Cosmic Radiation. Yu. G. Shafer, V. D. Sokolov, N. G.
Skryabin, S. K. Dergeyrn and R. B. Salimzibarov, pp. 813-815.

6. N(h)-Profiles Obtained with the VHF Dispersion Interferometer in
Launchings of Academy of Sciences USSR Geophysical Rockets During 1962-
1963. V. A. Rudakov, pp. 825-826.

Geomagneti8tn and Acrotwmy (Vol. ^)
1. Solar Corpuscular Streams and Geomagnetic Storm Families during the

Flight of ;'Mariner 2. V. I. Afanasyeva, pp. 24-28.
2. The Possible liagnetic Field Structure of Geoeffective Corpuscular Streams

from Mariner 2 'Measurements. E. I. 'Mogilevsky, pp. 166-173.
3. Dynamics of the Earth's Radiation Belts: I. Tho Sources of Fast Particles.

B. A. Tverbkoy, pp. 174-180.
4. Kinetic Instability of the Earth's Outer Radiation Belt. A, A. Amdronov

and V. U. Trakhtengerts, pp. 181-188.
5. Dynamics of the Radiation Belts of the Earth. II. B. A. Tverskoy, pp. 351-

366.
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6. Results of Ionospheric Investigations by Means of Coherent Radio Waves
Emitted from Artiflelal Earth Satellites. Ya. L. Alpert, pp. 382-398.

7. Investigation of the Inhomogeneous Structure of the Ionosphere from the
Results of Radio Observations of Cosmos 1, Cosmos 2, and Cosmos 3 on Coherent
Frequencies. Ye. Ye. Tse-delina and A. A. Kharybino, pp. 39(J-403.

8. Space Modulations of the Doppler Frequency Shift of Radio Waves Re-
ceived from Artificial Earth Satel'ites. Ye. Ye. Tsedelina, pp. 462-464 (BC).

9. Measurement of the Electron Concentration in the Ionosphere Using Ob-
servations of the Faraday Effect in Radio Signals from Artificial Earth Satel-
lites. E. Ye. 'Mityakova, pp. 526-530.

10. Radial Drift of Particles from the Radiation Belts of the Earth Caused by
Hydromagnetic Waves in the Magnetosphere. V. P. Shabansky, pp. 858-859
(BC).

1965
Soviet Astronomy-AJ ( Vol. 9)

1. Determination of the Relative Position of Observation Stations Using Artifi-
cial Satellites. Yu. V. Batrakov, p. 149-154.

2. Photographic Observations of the Entry of Echo II Into the Earth's Shadow.
L. Genkina, N. N. Denisyuk and E. S. Eroshevich, p. SG4-8w.

3. The relative Orientation of the Earth's Equator and the Dloon's Orbit in the
Remote Past. N. A. Sorokin, pp. 826429.

Soviet Physics ( Vol. 8)
1. Principal Hypotheses Concerning the Origin of the Earth's Radiation Belts.

G. A. Skuridin and V. D. Pletnev, pp. 224-251.
2. The Origin of Meteorites. B. Yu. Levin, pp. 360-378.

Soviet Physics-Doklady (Vol. 10)
1. On the Inapplicability of Baldwin's Relation for the Determination of the

Causes of Lunar Craters. G. S. Shteinberg, p. 1006.

Academy of Sciences, U.S.S.R. Doklady-Earth Sciences Section (Vol. 160-165)
1. Investigation of Solar Plasma Streams by the Interplanetary Station

"7^ond-2." V. V. Bezrukikh, K. I. Gringauz, L. S. Musatov, R. Ye. Rybehinskii
and M. Z. Khokhlov, Vol. 163, p. 5-7.

2. Interpretation and Use of Data Obtained from Weather Satellites. Sh. A.
Musayelyan, p.10-13 (Vol. 163).

Space Science Reviews (Vol. 4)
1. On Electromagnetic Effects in the Neighborhood of a Satellite or a Vehicle

Moving in the Ionosphere or in Interplanetary Space. Ya. L. Alpert, p. 373-415.
2. X-Ray Emission of the Sun. S. L. Dlandelshtam, p. 587-665.

Academy of Sciences, U.S.S.R.-Izve8tia-.4tmospherie and Oceanic Physics
(Vol. 1)

1. Some Possibilities of Determining Wind Speed Over an Ocean Surface Using
Observations From Artificial Earth Satellites. G. V. Rozenberg and Y. U.-A. R.
Mullamaa, 1). 167-171.

2. Twilight Studies of Planetary Atmospheres from Space Ships. G. V. Rozen-
berg, p. 2'2<3-227 (Theoretical). 	 '

3. Stratospheric Aerosol Measured from a Space Ship. G. V. Rozenberg and
V. V. Nikolaeva-Teveshkova, p. 228-2232 ( Vostok-6 photographs) .

4. The Mesostructure of the Entegral Radiation Field of the Earth. V. A.
Bary shev, p. 470-473.

5. The Spectral Distribution of the Earth's Reflected Radiation in the 0.20-
0.34-µm Ozone AL: ! orption Band. T. A. Germogenova and M. S. Alkevich, p.
546-052.

6. Outgoing Radiation in a Cloudy Atmosphere. N. V. Gromova and E. M.
Feigelson, p. 553-560.

7. Angular and Vertical Distribution of the Earth's Reflected Radiation in the
Ozone Absorption Band 0.20-0.341L. T. A. Germogenova and S. O. Krasnokut-
skaya, p. 678.

Cosmic Research (V )l. 3, Nos. 1^5, Jan. through Oct.)
1. Measurement of the Soft-Electron Flux in the Upper Atmosphere with a

Secondary Electron Multiplier. L. A. Antonova, G. S. Ivanov-Kholoduy, N. D.
Masanova and V. S. Medvedev, p. 34-39.
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2. Intensity and Spectrum of Soft-Electron Flux at 200-500 Km. Height in the
Ionosphere. L. A. Antonova, p. 40-49.

3. Electron Intensity in the Radiation Belts 180-330 Km. Above Regions Con-
jugate to Negative Geomagnetic Anomalies. S. N. Vernov, I. A. Sa:enko, T. V.
Iverskaya, B. A. Tverskoy, and P. I. Shavrin, p. 71-76.

4. Direct Measurements of Charged Particle Concentration in the Strato-
sphere and Mesosphere. Yu. A. Bragin, p. 105-108.

5. The Nlotion of particles of various Energies in a Revolving Magneto-
sphere. V. 11. Shabansky, p. 149-156.

6. The Measurement of the N, Y, and Z Components of the Geomagnetic Field
on Satellites and Rockets. A. D. Shevnin, p. 157-161.

7. Measurements of Intensity of Upper Atmospheric Glow in Triplet Lines
(X-1300 A) at Heights of 100-500 Km. V. V. Katyushina, p. 171-173.

8. Interpretation of Observations of the OI Triplet (X=1300 A) in the Upper
Atmosphere. S. A. Kaplan and V. G. Kurt, p. 179-1K3.

9. Investigations of Atmospheric Brightness at Heights of 120-450 Km. A. E.
Mikirov, p. 201-210.

10. Allowane3 for a Variable Aerodynamic Drag Coefficient in Deriving the
Air Density front 	 Decelerations. M. N. Izakov, p. 211-220.

11. Ionospheric Rinds and the Anomalies in the Distribution of Charged Par-
ticles in the Geomagnetic Field. V. I. Krasovskii, p. 243-245.

12. Dynamics of . the Geomagnetic Trap and Origin of the )Earth's Radiation
I3elts. V. D. Pletnev, G. A. Skuridin, V. P. Shalimov, and I. N. Shvachunov, p.
246-2ii0.

13. Dynamics of the Geomagnetic Trap I. V. D. Pletnev, G. A. Skuridin and
L. S. Chesa l in, p. 312-325.

14. Effects of the American Detonation in the Upper Atmosphere on July 9,
1962. Yu. I. Galperin, p. 326--331.

15. Structure and Interpretation of the Outward Radiation Field as Meas-
ured by Tiros II and Tiros III. E. P. Borisenkov, Yu. 11. Doronin, and K. Ya.
Kondratiev, p. 332-340.

16. Determination of Particle Concentration and Density of the Atmosphere,
.Tune 18, 1963--Preliminary Results. V. V. 'Mikhnevich, E. N. Golubev, and Yu.
N. I'arfianovich, p. 352-361.

17. Fluctuation in Atmospheric Density, 1960-1963, from Measurements of
Satellite Orbits. N. P. Slovokhtova, p. 362-364.

19. Measurements of Absorbed Solar La Radiation in the Upper Atmosphere.
V. A'. Katyushina, p. 387-390.

111. Measurements of Scattered La Radiation in the Upper Atmosphere at
Heights up to 500 Km. V. V. Katyushina and V. G. Kurt, pp. 167-170.

20. Investigation of Solar 1-Ray Emission IV. Measurement of radiation
Flux in Spectral Region 2-18 A. I. 1'. Tindo and A. I. Shurygin, pp. 184-187.

21. Computation of Terrestrial Outgoing Radiation from Artificial Earth
Satellite Measurements. L. R. Rakipova, pp. 440-452.

22. Height and Size of Ionospheric Inhomogeneities Responsible for Fluctua-
tions of Artificial Earth Satellite Signals. I. Nighttime Hours. L. M. Erukhimov,
pp. 466-474.

23. Measurement of the Electron Concentration of the Upper Ionosphere by
Artificial Earth Satellites of the Cosmos Series. V. A. Misyura, G. K. Solodov-
nikov, and V. M. Migunov, pp. 47:5-482.

24. Certain Possibilities and Results of Ionospheric Measurement Based on
Oblique Observations of the Faraday Effect of Signals from Geophysical Rockets.
V. A. Misyura, D. D. Osipov, E. B. Krokhmalnikov, and G. K. Solodovnikov,
pp. 483491.

25. Preliminary Results of Measurement of the Intensity of Distributed Extra-
terrestrial Radio-Frequency Emission at 725 and 1525-kHz Frequencies by the
Satellite Elektron-2. E. A. Benediktov, G. G. Getmantsev, Yu. A. Sazonov, and
A. F. Tarasov, pp. 492-494.

26. Results of a Radio Communications Experiment Via Echo-`l and the
;Moon at 162.4 MHz Between the Jodrell Bank and the Zimenki Observatories.
G. G. Getmantsev et al., pp. 495-504.

27. The Measurement of Cosmic Radio Emission at 210 and 2200 Kilocycles
Per Second to Eight Earth Radii on the Automatic Interplanetary Station
Zond-2. V. I. Slysh, pp. 620-625.
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Geomagnetism and Aeronomy (Vol. 5)

1. Experiment in the Use of an Electrostatic Analyzer on the Cosmos-12
Satellite. V. 1'. Melnikov, I. A. Savenko, B. I. Savin and P. I. Sharvin, pp.
107-112.

2. Altitude-Time Distribution of Electronic Concentration in the Outer Iono-
sphere and Its Stratified-Inhomogeneous Disturbance, I. Results of Measurements
with the Artificial Earth Satellite Electron-1. Ya. L. Alpert and V. M. Sinelnikov,
pp. 159-168.

3. Use of the Diffusion Model of a Meteor Trail for the Interpretation of
Data on Radio Wave Scattering by the Re-Entering Capsule of an American
MA-6 Satellite. Yu. K. Kalinin, pp. 220-223.

4. Study of Electron Concentration Inhomogeneities in the Ionosphere in the
Pacific Ocean Region by Means of Artificial Earth Satellites. Yu. S. Korobkov
and V. V. Pisareva, pp. 327-330.

5. Dynamics of a Geomagnetic Trap and Origin of the Earth's Radiation
Belts. V. D. Pletnev, G. A. Skuridin, V. P. Shalimov and I. N. Shvachunov
pp. 485-498.

6. Jeasurements of Protons with an Energy of 0.4-8 Mev on the Cosmos 41
Satellite. S. N. Vernov, I. A. Savenko, M. V. Teltsov and P. I. Shavrin, pp.
499-501.

7. Altitude-Time Distribution of Electron Concentration in the Outer Iono-
sphere and its Stratified-Inhomogeneous Disturbance: II T_uLomogeneous Forma-
tions in the Outer Ionosphere. Ya. L. Alpert, L. N. Vitishos and V. M. Sinelnikov,
pp. 502-508.

8. Study on the Cosmos 15 Satellite of Fluxes of Charged Particles with an
Energy of 1 Kev. I. A. Savenko, B. I. Savin, V. V. Melnikov, P. I. Shavrin and
T. N. Ma rkelova, pp 579-583 ( BC) .

9. Did the IMP 1 Observe the Magnetic Wake of the Moon or the Earth.
K. G. Ivanov, pp. 581-583 (BC) .

10. Coulomb Relaxation of the Distribution of Fast Particles in the Radiation
Belts of the Earth. G. A. Timofeyev, pp. 584-585 (BC).

11. A Case of Particles from the Outer Radiation Belt of the Earth into the
Stratosphere. A. N. Charakhchyan, A. Ye. Golenkov, and T.N. Charakhchyan,
pp. 58688 (BC) .

12. Possibility of Determining Local Electron Concentration by the Dispersion
Method Using Artificial Earth Satellites and the New Ionization Maximum in the
Ionosphere. K. I. Gringauz, Yu. A. Kravtsov, V. A. Rudakov and S. M. Rytov,
pp. 591-594 (BC) .

13. Transport and Acceleration of Charged Particles in the Earth's Magneto-
sphere. B. A. Tverskoy, pp. 617-628.

14. Radiation Belts. V. P. Shabansky, pp. 765-789.
15. Rocket Data on the Behavior of Electron Concentration in the Ionosphere

at Heights of 100-300 Km. I. T. V. Kazachevskaya and G. S. Ivanov-Kholodny.
pp. 794-805.

16. Attenuation of Satellite Emission Above`Gr( ,und Trajectories. Sh. G.
Shlionsky, pp. 832--837.

17. Kinetic Instability of the Outer Radiation Z ,,ne of the Earth. V. Yu.
Trakhtengerts, pp. 865-866 (BC) .

18. Estimate of Ozone Concentration at Heights of 44-102 km during Night
Launchings of Geophysical Rockets. A. Ye. Mirikov, pp. 882-883 (BC) .

PART II.-PLANETARY ASTRONOMY

1961
Soviet Astronomy-AJ ( Vol. 5)

1. On the Infrared Spectra of Jupiter and Saturn. V. I. Moroz, p. 827-830.
2. Radio Measurements of the Dielectric Constant and the Density of the Outer

Covering of the Lunar Surface. V. S. Troitskii, p. 764-7R5 (L). 	 a
3. Radio Observations of Venus in 1961. A. I). Kuzmin and A. E. Salomono-

vich, p. 851-852 (L) .
4. Microphotometric Analysis of the Spectrogram of the Emission Flare Near

the Central Peak of Alphonsus Observed on Nov. 3,. 1958. A. A. Kolinyak and
L. A. Kaminoko, 1). 831-840.

5. Results of an Experimental Study of Lunar Radio Emission at 4 mm. A. G.
Kislyakov, p. 421-422 (BC) .
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0. Helium Line Emission in the Solar Chromosphere. Yu. V. Shalev, p. 760-
761 (BC).

7. A Lithological Interpretation of the Photometric and Coloriinetrie Studies
of Mars. N'. V. Sharanov, p. 199-202.

8. A Determination of the Mean-Square Deviation of the Time-Rate of Meteors.
O. I. Belkovich, p. 396398 ( radio astronomy) .

9. Radar Determination of the Orbits of Individual Meteors. B. L. Kashcheev,
V. N. Lebedinets and M. F. Lagutin, p. 517-525.

10. An Estimate of the Electron Density in the Corona from Observation of
Solar Radio Emission. I. G. Moiseev, 1 ► . 402-403 (BC) .

11. Noncoherent Mechanisms of Sporadic Solar Radio Emission !it Case of
a Magnetoactive Coronal Plasma. V. L. Ginzburg and V. V. Zheleznyakov, p.
1-13.

12. Results of Polarization Observations Made at Centimeter Wavelengths
During the Solar Eclipse of April 19, 1958. D. V. Korolkov and N. S. Soboleva,
1).491-494.

13. The Spectrum of Local Sources of Solar Radio Emission. A. P. Molchanov,
p. 651-6M.

14. Helium Excitation and the Structure of the Lower Chromosphere. E. V.
Kononovich, p. 105-170.

15. Continuous Emission front 	 Chromosphere beyond the Balmer Limit
during the 1954 Solar Eclipse. D. Ya. Martynov, p. 329-332.

16. Formation of Coronal Condensations above Active Regions. S. B. Pikelner,
1 ► .412-413 (BC).

17. Absolute Spectrophotometry of the Chromosphere during the Total Eclipse
of June 30, 1954. D. Ya. Martynov and V. Ya. Alduseva, p. 452-466.

18. A Prediction of Solar Line Emission in the Extreme Ultraviolet. G. S.
Ivanov-Kholodny and G. M. Nikolskii, p. 632-646.

19. A Study of the Figure of the Moon from Photographs Obtained near Topo-
centric Full Moon. Kh. I. Potter and N. F. Bystrov, p. 722-727.

20. Method of Determining the Position of the Moon Relative to the Stars.
G. A. Plyugin, p. 255-266.

21. A Study of the Wilson Effect in Sunspots. V. F. Chistyakov, p. 471-474.
22. Overall Structure of the Solar Corona of February 15, 1961. S. K.

Vsekhsvyatskii and V. I. Ivanchuk, p. 65r*-659.
23. Magnetic Fields in Solar Prominences. G. Zirin, p. 660-666.
24. Note on Photometric Analysis of the Structure of Venus' Atmosphere.

D. Ya. Martynov and M. M. Pospergelis, p. 419-120 (BC) .
25. On Polarization in Coronal Streamers. I. D. Gits, p. 352-354.
26. The Dependence of Line Intensities in the Solar Spectrum on the Phase

of Solar Activity. T. E. Derviz, N. F. Kuprevich and L. A. 1\iitrofanova, p. 333-
:{.38.

Geomagneti8m and Aeronomy (Vol. 1)
1. Some Characteristics of Type IV Radio Bursts. S. T. Akinyan and E. I.

Mogilevskii, p. 142-148.
2. Photoelectrical Observations of Zodiacal Light near Alma Ata. G. M. Nikol-

skii, p. 317-320.
3. Determination of the Degree of Polarization of the Solar Corona from

Observations of the Solar Eclipse of June 30, 195A. Yu. N. Dolginova, p. 572-575.
4. Polarization of the Ou ,e: Corona from Airplane Observations of the Solar

Eclipse of February 15, 1961. N. S. Shilora, p. 576-578.
5. The 28 1%fe/s Radio Burst of July 12, 1961. N. P. Benkova. R. I. T irbin and

M. D. Fligel, p. 741-742.
6. ThP Spectrum of Type IV Bursts. E. I. Mogilevskii and S. T. Akinyan,

p. 799-.805.
1962

.soviet Astronomy-AJ (Vol. 6)
1. The Origin of the Slowly Varying Component of Solar Radio Emission.

V. V. Zheleznyakov, p. 3-9.
2. Visibility of Spots on the Solar Disk and East-Nest Asymmetry of Solar

Activity. I. P. R. Romarchuk, p. 33-99.
3. The Theoreticai Interpretation of the East-West Asymmetry in Sunspot

Activity. M. Kopecky, p. 40.
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4. Several Properties of the Yellow Haze Observed on Mars during 1956. I.
K. Koval and A. V. Morozhenko, p. 45-50.

5. Nature and Physical State of the Surface Layer of the Moon. V. S. Troit-
skii, p. 51-54.

6. Lunar Thermal Radio Emission in the Centimeter Band and Some Char-
acteristics of the Surface Layer. A. E. Salomonovich, p. 55.

7. Visual Colorimetry of the Lunar Surface. V. V. Sharonov, p. 62.
8. Solar Radio Emission on a Wavelength of 8 mm. A. E. Salomonovich, 1).

202.
9. The Structure of the Solar Corona on February 15, 1961 from Observations

at Dzhankoi. A. T. Nesmyanovich, p. 210.
10. The Fine Structure of the Snot-Formation Zones. K. F. Kuleshova, p. 213.
11. Possible Existence of a Ring of Comets and Meteorites around Jupiter.

S. K. Vsekhsvyatskil, p. 226.
12. On the Ring Encircling Jupiter. I. T. Zotkin, p. 236.
13. The Microstructure of the Lunar Surface. N. P. Barabashov and V. I.
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APPENDIX III. THE STORY OF EARTH'S ATMOSPHERE

Robert F. Fellows, Program Chief. Planetary Atmospheres, Of ee of Space Science
and Applications, National Aeronautics and Space Administration

INTRODUCTION

An atmosphere is the gaseous envelope surrounding a celestial body. It stands
between the body. a planet for example, and all external influences. Over the

_	 past two decades research on planetary atmospheres has involved so many lines
of attack that one IIlay have gained the impression that the work was made of
bits and pieces. In one sense this is so, but the results now permit us to relate
these bits and pieces into a more total or comprehensive picture of the Earth's
atmosphere. The picture is by no means complete, but sufficient detail has been
acquired and placed in position that the pieces are showing their overall relation,
very similar in fact to the assembly of a jig-saw puzzle.

M	 HIGHLIGHTS OF PROGRESS

The following description of some selected "highlights" of research in the
Earth's atmosphere may serve to illustrate the above point.

r- The International Geophysical Year (IGY- ) provided the basis for the scientific
exploration of the Earth's atmospberc with sounding rockets and satellites. One
of the most important IGY results was the summary picture of our atmosphere
that emerged. The upper atmosphere was found to be more complex and to un-
dergo greater variations in temperature and density than had been expected.

In 1959, within the first year after its formation, NASA initiated a sounding
rocket program to follow through on the IGY results and to investigate the many
unexpected questions that had become apparent. A sounding rocket project to
study upper atmospheric winds was initiated and about this same time the first
upper atmospheric seasonal temperature variations from Fort Churchill, Canada,
were obtained. These reports were especially intriguing because lower tempera-
tures were found in the summertime than for the winter months in the region
of the atmosphere around 50 miles in altitude.

By late 1960 sufficient density data were available from drag measurements of
early satellites that a diurnal bulge was recognized. This bulge is a swelling or
expansion of the Earth's upper atmosphere on the sunlit side. It follows the Sun
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around the Earth and reaches as ai ,xivauna at about 2:00 p.m. local time. It is
it 	 of the heating effect of solar energy acting on the atmosphere. Also,
about this same time the presence of hydrogen in significant amounts !it
upper regions of the atmosphere was detected. This property is often referred to
as the hydrogen geocorona. The finding was of considerable Importance because
it hears ultimately oil quantitative aspects of the loss of water from the
Earth. This is because water that diffuses sufficiently high into the atmosphere
(above approximately 75 miles) is dissociated by the energetic solar ultraviolet
radiation into oxygen and hydrogen.

By 1961 sufficient data were available from many separate experiments to
permit Nicolet to predict that helium must be a significant component of the
atmosphere somewhat below the level in which hydrogen predominated. It was
also in this year that the first preliminary results oil measurement of solar
extreme ultraviolet radiation and its absorption in the upper atmosphere be-
cause available. The first twelve-foot sphere (balloon satellite, Explorer IX)
for determination of atmospheric density was launched about this time. This
satellite demonstrated the potential for extended density studies by this rela-
tively inexpensive approach.

In 1962 the first measurements which questioned the commonl y assumed
premise of thermal equilibrium of ions and electrons in the ionosphere were ob-
tained. 'These data stimulated further research in the next few years that indi-
cated greater complexity of phenomena than could be explained by existing
models and theories. The postulate by Nicolet of the previous year was verified
when experimental data from the Explorer VIII satellite showed the presence
of helium ions in the expected altitude region. The sounding rocket program was
well underway by this time, and the first spectrometer measurements of the
ultraviolet airglow and the first direct nr ea ,;urenaents of changes in the iono-
sphere during a solar eclipse were obtained.

In 1963 the first satellite designed specifically for studies of the aeronomy
of the upper atmosphere was launched. This satellite, Explorer XVII provided
the first in situ simultaneous measurements of atmospheric composition, density.
and electron content on an extended scale. The results were the first integrated
picture of the Earth's atmosphere and its variations in the altitude region
studied. This same year produced the first measurement of nitric oxide in the
atmosphere. This was accomplished by an ultraviolet spectrometer experiment
carried by a sounding rocket. A concentration about tenfold greater than pre-
dicted by theory was found. This result has led to a re-examination of pertinent
theories and models, and to a reappraisal of the laboratory measurements of
reaction rates used to calculate the predicted amount.

In 1964 the first Orbiting Geophysical Observatory was launched. One of
the summary findings front mission was the first evidence linking varia-
tions in ion composition of the upper :atmosphere with changes in the Earth's
maglietic field. Also, by now Sufficient data had been accumulated front

 rocket measurements to indicate that strong winds and wind :hears were
a regular property of the 50 to greater than 150 mile altitude region of the
atmosphere on a global basis.

In 1965 we launched OGO-II, the first observatory payload instrumented pri-
marily for aeronomy and ionosphere studies. Results front mission extended
our knowledge of the relations between ion composition, magnetic field varia-
tions and solar behavior. The question of non-equilibrium of ion and electron
temperatures raised in 1962 was being investigated thoroughly by this time and
precise results were now becoming available to permit a quantitative assess-
ment of this problem. This work was of great importance because the question
of equilibrium, or an assumpt'on of equilibrium in a model is a determining
and critical step in the development of a realistic theory describing atmospheric
processes.

In 19613 the second aeronomy satellite. Explorer XXXII was launched to con-
tinne the investigations initiated by Explorer XVII and to extend our knowledge
of atmospheric behavior on a global basis. In this same year re ports of prelim-
inary measurements by mass spectrometers carried by sounding rockets into
the "P" region of the ionosphere indicated the presence of heavy ions with mass
greater than 48 atomic mass units. These measurements are difficult to make
and requ'.ie specially developed in struments. The heavy ions have aroused con-
siderable interest and their identification awaits further research. Two prin-
cipal possibilities appear to exist. The ions may be heavy complex ions of normal
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atmospheric components such as nitrogen oxides, carbon oxides, and possibly
water, or the ions may be elements, the components of meteoritic dust. Present
evidence and theory indicate the latter to be it strong possibility.

A PRACTICAI. APPLICATION

The reader may well ask himself the question, "This all sounds fine and very
in ► pressive, but what sloes it mean to me and to those who are not specialists in
this field?" It is not easy to answer that question concisely. The pathways for
the transfer of the results of basic science into new technology for mankind's
benefit. are usually broad and diffuse. An advance in one scientific discipline
sometimes accelerates progress in fields far removed from the focal point of the
crig'nal work. Often it is only years later that the real significance and impact
of a new scientific finding become realized. Even in retrospect it is difficult to
trace the communication train and sequence of steps involved in doss-discip-
line transfers of knowledge.

An example which is subject to concise description Is the use of the results and
latest findings to produce a description of the atmosphere in the .form of a
widely accepted "standard" or "model" description of the atmosphere. A "Stand-
ard atmosphere" is a carefully evaluated summary compilation of the latest and
lest information available describing the conditions and character of the at-
mosphere for specified parameters, for instance from sea level to very high alti-
tudes. Thus, it provides a common frame of reference for many scientific and
technological undertakings. For example, in preparing designs of advanced air-
craft and in evaluating performance specifications it is essential that all work
he based un the same description of the atmosphere. Otherwise, no comparison
of alternative designs could be meaningful. Obviously, the actual performance
of an airplane which is designed on the basis of an unrealistic model atmosphere
may be very different from the desired or specified performance. In addition to
fnitilling the above needs, model atmospheres also serve as a necessary "yard-
stivk" against which scientists and engineers can evaluate experimental results.
For instance. measurements by many experimenters of the specific characteris-
tics of the atmosphere under changing conditions are often compared to the
properties specified in a model atmosphere. This comparison against a common
reference permits an identification of areas of agreement and critical areas for
farther effort. A model or standard atmosphere table is essential for the design
of .airplanes, balloons, and the Mercury, Gemini, Apollo, and unmanned re-ntry
spooecraft.

The need for a standard model of the atmosphere was recognized early in the
history of aviation. In 1922, the first U.S. Standard Atmosphere Model was
prepared by the National Advisory Committee for Aeronautics, the predecessor
organization to NASA. As more and better information became available the
modei was periodically revised and extended to higher altitudes complimentary
to the increasing capabilities of more recently developed aircraft. In 1952 the
data were extended to include the results then becoming available from early
sounding rocket investigations into the upper atmosphere. Later, with the coming
of the satellite age, it was possible to extend the data still higher in altitude and
to make the model mach more comprehensive. The current U.S. Standard At-
nn ►sphere was printed in 1962. The next version to be titled "U.S. Standard
Atmosphere Supplement. 1966," will be available in early 1967.

THE PRESENT ATMOSPHERE

We will now explore some fundamental questions concerning the origin,
evolution, and changing nature of the Earth's atmosphere, and the close relation
and ►nutual dependence of an atmosphere and its planet.

The largest energy source operating on the atmospheres of the planets (at
least for the terrestrial ones) is solar illumination. Radiation from the Sun falls
on the illtnninated jx ►rtion of the Earth', atmosphere at it rate of two calories per
uivare centimeter per minute (1,400 watts per square meter). This is called
the solar constant. The bulk of this energy lies in the narrow visible region of
the spectrum. Nluch of this energy along with some infrared penetrates to the
surface where it is absorbed by the ground. although a substantial fraction is
rejected by being reflected front clouds. The wavelengths outside the visible
region (x-ray, ultraviolet and infrared) tire absorbed at various levels in the
atmcxq►here and although the energy involved is only a small part of the solar
constant it has an important Influence on the upper atmosphere.
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The energy that is absorbed heats the atmosphere and also produces chemical
changes by breaking molecules into atoms and by ionizing components of the
atmosphere. Temperature and density differences occur, and mass air motions
result.

Other effects of this absorption of solar radiation by the atmosphere are not
immediately obvious. The atmosphere protects life oil Fa ► rth from the in-
jurious effects of the far ultraviolet solar radiation, and from particles ,occurring
elsewhere in space. These particles include solar and galactic cosmic rays which
are high-energy electrons, hydrogen atoms, and other atoms; and the much, much
larger particles called meteorites.

The visible radiation from the Sun, except for the fraction reflected by clouds
or scattered in the atniosphere, penetrates to the surface and is absorbed uy the
ground. Thus, the Earth's surface is heated by an appreciable fraction of the solar
energy. The Earth in turn emits radiation at an intensity and in a wavelength
interval determined by its temperature. For the average temperature of the sur-
face this wavelength interval has its maximum ill the far infrared region of the
spectrum. Several constituents of the atmosphere, notably water, carbon dioxide.
and ozone, are strong absorbers of this far infrared radiation. The absorption of
this energy heats the lower atmosphere which in turn reradiates energy--part
upward into space and part downward to provide additional heating to the sur-
face. This return of infrared energy from the atmosphere is referred to as the
"greenhouse" effect. The combination of direct solar heating and the greenhouse
effect heat the Earth's surface to an average temperature of about 60 degrees
Fahrenheit.

Clouds are composed of water vapor and therefore are strong absorbers of
the surface emitted infrared energy. Consequently, they produce a strong and
variable greenhouse effect. All of its are familiar with the greater rate with
which temperature drops oil clear cloudless night as compared to a night
when the sky is covered with thick clouds. This is all effect of clouds which is
in addition to their effect as reflectors of part of the incident solar energy.
Thus, the Earth's cloud cover is a very important factor in determining energy
inflow and outtlow and thereby surface temperature.

Although the atmosphere on Earth seems thin to us, the weight of the atmos-
phere averages out to about two million tons per inhabitant. On the other hand.
if the atmosphere were condensed into a uniform layer having the density of
water, the layer would be only about 30 feet deep all over the entire globe.

Atmospheres are described and studied in terms of composition, temperature,
and pressure, and the variations of these quantities with altitude. This is in-
sufficient, however, because the complex mass motions resulting from. heating.
and the chemical changes that result in the ionization of certain species, produce
phenomena in the atmosphere that are more complicated to describe. We now
know that the atmosphere of the Earth is very dynamic, it is continually cllang-
ing in properties with time of day, season, year, and solar cycle. We determine
the description  of the atmosphere at the time of a measurement, and it is varia-
tions from the average that are signifloant in understanding the short-time
processes of the atmosphere. The long-time variations refer to the fundamental
questions to be discussed tsar the conclusion of this paper.

Figure 184 summarizes a great deal of information pertaining to the Earth's
atmosphere. The curve on the right hand side plots temperature against altitude.
Notice that as the altitude increases from sea level, the atmosphere tends to
become cooler to about 8 miles altitude, then it warms to a maximum at an in-
terval of around 18 wiles, then it cools again to another minimum around 60
miles. Above this altitude the temperature increases very, very rapidly reaching
values as high as 2000 degrees Fahrenheit above 1:,0 miles. At still higher alti-
tudes the temperature is isothermal with altitude. The temperature is cool
enough at the minimum shown around f0 miles that most of our water is kept
below this altitude in the atmosphere; it is frozen out when it reaches this
region and cannot diffuse rapidly into the higher atmosphere where solar ultra-
violet light would decompose it into oxygen and hydrogen.

Ai)ove 110 kilometers the atmosphere becomes so thin that. the light atoms
and molecules tend to rise in the atmosphere and ride above the heavier mole-
cules under the action of the Earth's gravity field. This process is called diffusive
separation.

As I mentioned previously, solar ultraviolet radiation ionizes atoms find
molecules. This process results in the liberation of electrons in the atmosphere

jk
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CHARACTERISTICS OF THE EARTH'S ATMOSPHERE

H;	
f	 H	 ^EXPIOIIN IX

EX/IPRFR V111	 ^	 2^ SPHERE

H^ PRESSURE 
^,. 1

100	
10-11 ATM

if	 H,

ECHO
100'

SPHERE

^3^0

Soo

100

0
300

IO^NO. 2 MOLElulA
200	 NITROGEN

N&0 0;

100
MOLECU R

I '1 eol OXYGEN-+

10-11 ATM	 300

SOU40ING
ROCKETS

250

ATOMIC	 10-t0 ATM
OXYGEN

DIFFUSIVE
	

200

SEPARATION

le AIM
	

ISO

iARGON
CARBON
	

100
DIOXIDE

OZO /	 70_6 AT

WATER
	 WIND SHEARS, TJRBULENCE SO

VAPOR
	 MASS MIXING

10' 10' 10' 10 0 78% 209.0 99. 0 03% 1 %	 -100 0	 S00 1000 IS00 3000
EIECTR - 45/CC	 COMPOSITION	 TEMPERATURE ('F)

FIGURE 154

above approximately 35 miles and imparts unique and special characteristics
to this region. The effect of these electrons oil propagation of radio waves is
so important that the detailed study of the ionospheric aspects of the atmosphere
is it discipline in its own righ_ in the NASA program.

Some of the properties of the ionosphere are shown in figure 185. Depending;
upon the conditions of the ionosphere, that is the number of electrons present
per ruble centimeter and upon the frequency of the radio waves, absorption, re-
flection, or refraction of the radio waves can take place. Obviously, if refraction
takes place when we are tracking spacecraft, corrections must be made to obtain
the actual position from the apparent position of the spacecraft. A very coni-
mon analogy of this is the fact that when we look at a long stick which is par-
tiahy immersed into wa ► ter, the stick appears bent at the surface due to the refrac-
tion of light rays going from a medium of one density to another.

EVOLUTIOti OF OUR AT\TOSPHERE

One of the basic Objectives of the planetary atmospheres program is to under-
stand the relationship ofan atmosphere to its planet and to arrive at al l under-
standing of the origin and evolution of the atmosphere. An understanding of the
history of the Earth's atmosphere will contribute to a clearer picture of Other
planetary atmospheres which necessairily must be studied with much more frag-
mentary data ; and, conversely, information about other atmospheres is helpful
iu. better understanding the Earth's. While most of its appreciate the fact that
the atmosphere is necessary for the existence of life, it is not so often that we
realize that, if it weren't for life, we wcmld not have an atmosphere of the type
we have today.

A discussion concerning the probable evolution of the Earth's atmosphere
brings forth the cross-discipline relationships that exist between the planetary
atnx ► spheres discipline and other disciplines. Our present thinking represents
the following sequence. Geologic evidence indicates that our present atmosphere
differs from the primitive atmosphere that may have accumulated during the

, A—..- -
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FIGURE 18-5

earl y formation and history of the Earth. Some of the evidence for this is based
11plin comparing the abundances of the elemental gases, such as neon (Ne) and
nitrogen (N), to non-volatile elements of the Earth, and comparing these ratios
with their I • 4)sn1i1 • abiwil lll • es. As slom n oil tigun , 1 10), there is mw-tvu W!'10  011
the anunult of lleoll with respect to silicon I Si) ill Earth that we i.ouid ex-
lleet based upon c(*mic• abundances. Xenon (tie), the heaviest of till . rare gases
with the exception of radon, is presentl y :mly to one millionth the .1mount of
that we would expect based oll cosmic abundances. Consequently, we believe that
most of the original gases were lost early in the start of the Earth's evolution.
.Ind that the present atir,osphere must have formed somewhat later. The most
like) }• source is volcanislu .Ind this secondary atmosphere vvas inuc • h diffon.-W
than our present one. It had gases like anuuonia ( NHO. methane (CM), sulfur
(1xilles, h ydrogen sulti ► le ( 112S). nitrogen oxides. and carbon dioxide (CO:). .GIs 1
water I ILO), lots (lf water. But not oxygen MI) ).

Tlw i ^itial formation of atmospherie oxygen probably (-nine frmn the ilhot , --
ilissll • iatioll of water and to a lesser extew cal'boll dioxide. Hmvvvei', because
water is frozen (lilt of the .1tnu ► sphere at 11i;;11 altitudes, eve Imirw Ibat tbi,
111'(lress 1 .41 11111 Ilnt (lave 4 . 0 lilt 1' Imted vel'1 • I1owll. The 1.lteresthig and ilnp(l1'1.1111
key' berc is Hutt this is a self-regulator' l ►rocess ill the oxygen produce I
willilll nhsorh the ultraviolet enerp- resimmsible for Ili( , pbotodissol'iati,ln. Cal-
1 . 11lations in,licate that this places :nl ull1wr limit 1,f 0.1 percent of the present
level of (lxygen for iix'y gvn lr ►•oduc•ed ill manner. However, this was sufticiew
t11 :wvllunt f11r the early crustal oxides. At this priulitive oxygen lm-el, lethal
llltl'a\'111ivt ll;:llt \\olllll lK'netl'ate deeply Intl waters all llle E;irt11, restrll•IIIIC
earl(- ev(lIutiou 11f life to the bottluls of sllallm lakes :111d seas. Let us ex:nuiul
Il i a\\' 1lbolos vlllllesls c(l11111 Ilave t • ollle ab ollt.

It4q;i11 . 1i11V 11e.1r1' V ff,rt\ • vears ago. the 1-:11glishulau llaldaue, the Itussiau
I 1p.lri11.:11111 the AIli • I'icall I • rey proposed and developed, ill succ •essiml, .I tbelr.
1f the 1 henlil al ot• igiu of life according to w1lich the basic building blocks (1f :111
living ill';;;1111sllls—till • nlllillo acids ;md the wicleotldes—were t11'11 ed by t1w
passage (lf •14.11 . lilt rav ildel radiation .11111 liglitllin>; Ili:;i iu ► rt;eti tht-wigb :I certain

X
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EVOLUTION OF EARTH'S ATMOSPHERE
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mixture of gases whicl. were supposed to till the atnlosphere of the F.nrth when
it was a y'rtur g : ► htnet. The gast.a Which they had ill l were hydrogen meth-
ane, ;ctnntoni,c and water vapor. 'These gases are made ill lrtrtly or enti*ely of
livdr1)gen at,1111s. R k^ently, Philip .Abelson has criticized this theory of life, quite
cin • rciII .N . pointing out that the Earth is too small a planet to keep its hydrogen.
\Ot (inly \wild tilt 1 ydrogen gas go Very quickly—in about a thousand years.
in fa ct—hut the alinretav and ammonia molecules, -,vi icb are made up of h ydro-
gen at4ints joined to carbon and nitrogen, would he hrnken ill) by soar ultraviolet
ray, The hyaro:en amiss released from them in tlt;s way would escal ►e to space.
Alielsim pniposed an alternative patim-ay to the chemical origin of life, based
inn a mixture of ca:t,on dioxide, nitrogen and water vapor. These are the gases

hich emm- out of volcanoes at the present time.
Still : gore recently, Dr. Rasool of the Goddard Institute for Slxice Siudies lit ► 1

an ir l " . resting thought. He Speculated: Suppose that hydrogen Were present in
alound:utce in the Earth's atinospl ► ere In the early years when t he Earth was n
very yming planet. Ili-. Ilolland of Princeton University argues that this was thc-
vase: his argtturent is that metallic iron existed in the Earth's mantle prior 01
the time at N\ hich the iron welted awl ran to the center: this metallic irm wool:l
seize the available oxygen, and. instead of water vapor coming out of Volcanoes,
hydrogen Would came cont.

Dr. Rasnol then n"utark- that the thermal conductivity of hydrogen gas is Very
10,1i ; theref,)re, if present in alt ► ndan • -e. hydrogen wiaild conduct beat array
fr41111 the Earth's atarospllere eery rapict,.^ This could lower the tenowrature of
the upper • atruospltere. At the , ► resent tithe the temperature of the upper atmos-
phere is abort: 1551 degrees Kelvin : at this elevated temperature hydrogen
evapt:ates Very rabidly. leaving the Earth as mentioned above, ill thousand
years oir less. llowever. I ► r. Rasool has recalculated the teml ►eratttre of the tipper
atau,sphere of the Earth as it might have been ill early times, when there wits
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in abumlance of hydrogen present. He finds that the temperature would then
have been :.I10 degrees to 700 degrees Kelvin. He further finds that the escape
time of hydrogen—that Is, the time during which it would remain on the Earth
if •"d N ► degrees to 70) degrees Kelvin %%-as the range of upper atmosphere tena-
perartares—is of the order of 100 million to 1 billion years.

In other words if hydrogen was present in abundance at the beginning, it
would remain in abundance for up to a billion years. This interval is long
enough for the chemical evolution of life to begin.

Theories of the evolution of life are fascinating, and I would like to quote a
statement made by one of the early workers in this challenging area. Haldane,
who wrote in 1928:

"«'hen ultraviolet light acts on a mixture of water, carbon dioxide, and am-
iuonia, as variety of organic substances are made, including sugars, and appar-
ently some of the materials fron ► which proteins are built up. Before the origin
of life, they must have accumulated until the primitive oceans reached the con-
stituency of a hot dilute soup."

At thb, time I can summarize bystatir-g that present theories consider that
increasing complexity of organized organic structures gradually evolved, and
that some of these developed into systems utilizing a photosynthetic process in
which carbon dioxide is consumed and oxygen is released.

Further buildnp of oxygen in the atmosphere graaually took place until suffi-
cient concentration developed to absorb most of the solar ultraviolet energy
before it could penetrate to the surface. Thus, the way was prepared for life to
lire un the surface and be protected from the lethal ultraviolet radiation of the

a	 Sun. At this stage our atmosphere was well on its way to its present state.

SUMMARY AND FUTURE RESEARCH

Now. after having examined the possible evolution of our atmosphere as a
unique property of the Earth, let us examine where we are and what lies ahead.

In the late 1940's and early 1950's before many measurements had been made
with sounding rockets (the only means of getting into the upper atmosphere), it
was commonly believed that the Earth's atmosphere was shallow, extending up-
ward only a few hundred kilometers. that it was cool, and that thermal equilib-
riura generally existed throughout the upper atmosphere. We now know that
high temperatures exist in the F region and higher, ana that the atmosphere
extends several Earth radii out from the planet. We also know that the upper
ionosphere is not in thermal equilibrium, that is, the temperature of the electrons
is different from the temperature of the ions and neutrals present. We know that
strong winds and large wind shears exist in the 90 to 120 kilometer region and
higher. Later studies have shown that the upper atmosphere Undergoes tidal
effects and oscillations called gravity waves. The most notable oscillation is the
diurnal bulge, the swelling in that part of the atmosphere which is being heated
by the Sun so that a bulge appears to follow the Sun in its travels abut the
Earth. In fact, the entire atmosphere breathes up and down in a remark Ible re-
sponse to variations in solar activity.

In the last year or so, we have seen a more complete development of an under-
standing of the transport processes in the altitude region between 50 and 150
kilometers. These processes strongly affect the upper transport of molecular
oxygen into regions where it becomes dissociated by the extreme ultraviolet solar
radiation.

A reasonably comprehensive picture of a planetary atmosphere, if only in an
average sense, must specify the vertical distributions of composition, tempera-
ture, an(t clew-ity or pressure. Even in the case of the Earth's atmosphere, it is
not possible at present to do this with much precision, although the general pic-
ture of the atmosphere is rather well developed. Direct measurements of atmos-
pheric temperature and composition at certain high altitudes have proved diffi-
cult to obtain.

The problem of understanding the origin and behavior of the ionized regions
of the upper atmosphere is that of understandinb atmospheric chemistry—mostly
photochemistry and diffu.Cion. This cannot be done without a good knowledge
of the neutral atmosphere that p_ )vides the constituents for the chemical system.
The most critical region is the interval between 45 and 200 miles (about 70 and
300 kilometers).

This region is where the most important part of the absorption of solar radia-
tion takes place and, consequently, is the most variable and important region



NASA AUTHORIZATION FOR FISCAL YEAR 1968 	 477

of the upper atmosphere. What is the effect of the variability of this region of
the Atmosphere on the lower atmosphere?

Figure 187 is a summary of important work to be done in the altitude region
from approximately 70 to 300 kilometers. Studies must include geographical--
that is, latitudinal effects—as well as diurnal and seasonal variations. 'IPv
types of experiments to be done are not new. What is new, is the increased
emphasis on this region of the atmosphere.

Figure 188 illustrates the problem. Satellites can go only so low, and balloons
:an go only so high. Sounding rockets can traverse the forbidden region; but
the time for measurements is very short, and the opportunities for geographical
coverage are very limited.

At this time, preliminary studies indicate there are two methods of over-
coming this limitation. A "cannon ball" satellite, one with a very high mass-to-
area ratio would have a satisfactory lifetime at these low altitudes. More
preferable would he a satellite with propulsion so it could be placed at low
altitudes and given additional en(-.-gv when needed to maintain altitude, or it
could even be lifted to a higher altitude for additional measurements and lowered
again later on. Initial studies indicate that it world be possible to make the
satellite yo-yo perhaps a dozen times over several months to a year.

Thus, while I have discussed the evolution of our atmosphere and its relation
to the planet, there are still many specific research tasks that could be enumer-
ated. However, rather than review these in detail. I have tried to relate the
integrated product of our knowledge to the more fundamental, and therefore
remote, of the program objectives. I have prepared the way for the major re-
search emphasis in the program in the coming years because of the new require-
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ments on our spacecraft to execute these investigations. In summary to this
point, where I have used the Earth as my subject, figure 189 lists the important
factors or forces determining the evolution and behavior of any planetary
atmosphere.

APPLICATIONS

Tharp ara n-Rny chn'lonoing problems that could ha dicour ed ghat. cnsiSi:Jor-
ing the evolution of the solar system and the atmospheres of the planet p . From
a pragmatic view, not all of these questions _re of a "blue sk y" nature, nor is
the information to be acquired useful to scientists only.

Let me conclude by stating some problems of current concern in the Earth's
atmosphere, relating to the course and evolution of a planetary atmosphere.
One might say I am discussing the future of our own "blue sky." The last
decade or so has seen increasing prevalence of smog problems. The situation
has worsened from being an occasional phenomenon unique to Los Angeles to
a threat to most major urban areas. New York City and Pittsburgh have had
serious episodes of smog with many unnecessary early deaths attributed to it.
The smog problem will Le solved—I can't predict how in detail—but it must
be. It will require a concerted effort on the part of research laboratories,
industry, local, State, and Federal governments.

It is interesting to note th at sIuog is IIot caused chiefly by ti'me initial pollutants,
but by the products wormed when solar ultraviolet radiation acts on contami-
nants such as raw gasoline, auto exhaust and industrial waste gases. The cbemi-
cal changes produced by the solar ultraviolet radiation acting on the waste fumes
(hydrocarbons, carbon and nitrogenoxides), create ozone, aldebydes, and other
compounds far more irritating and damaging than the original contaminants.

Another problem that may be of great importance to future generations is the
possible evolutionary aspects of the Earth's a"niosphere from this time on. There
are also other changes going on in the ahnsophere that are important. The
amount of carbon dioxide in the atmosphere has increased 8°Ic in the last ac'
or 70 years. These years have seen great growth in industrial activity and thy•
advent and extensive use of the internal combustion engine. There are indit-
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tions that the rise in carbon dioxide concentration in the atmosphere is even
more than the figure quoted, and that it is continuing to rise. The consequences
of even a small increase in carbon dioxide content for the Earth's atmosphere
will be a gradual increase in the average surface temperature.

This increase comes about because greater amounts of carbon dioxide will act
as a blanket in the atmosphere. This would have the effect of decreasing; the heat
loss of the Earth into space and the average temperature of the atmosphere and
the surface will rise. The Molar ice caps will melt with a consequent rise in sea
level. A subsequent effect would be an increased amount of water in the atmos-
phere. This increase would be sufficient to reflect a larger portion of the Sun's
energy away from the Earth. Thus, eventually in terms of geologic time, a cool-
ing piocess would set in and the surface temperature would decrease consider-
ably below the present average value. The Earth would experience another ice
age. It is considered probable that the Earth has already undergone one or more
of these geologic cycles, but most likely frow other causes than the one just
described.

Lest the reader Viinks that is the only problem future generations will have
to worry about, la me mention another. There are indications that traces of
pesticides and herbicides are being washed into the oceans and absorbed by
marine life. Since most of the oxygen production for the Earth's atmosphere
comes from the photosynthesis of marine plants, and since there is no known
buffer to stabilize the equilibrium of oxygen in the photosynthesis-atmosphere
cycle, the amount of oxygen in the atmosphere will decrease if the balance of
tl:e plant and animal ecology of oceans is drastically disturbed. There are about
one-half million tons of oxygen per inhabitant, and any change m i ll be quite
slow and will not be perceptible for a long period of time. The concern is that
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it may be impossible to make remedial changes once the situation has developed
to the stage t hat the problen ► is recognizable by its effects.

Thus, in closing, I have attempted to discuss briefly our knowledge of the
Earth's atmosphere and the problems we are pursuing. I have also attempted to
indicate that studies of the history and evolution of a planetary atmosphere Iuay
bear on many sciences and have important practical considerations, and not be
of interest solely to paleontology and archaeology.

APPENDIX IV. TIIE SOLAR WIND AND THE E lRTII'S I$IAONETOSPIIFRE

George F. Pieper, Assistant Director for Space Sciences, Goddard Space Flight
Center, NASA

INTRODUCTION

.Man's interest in the Sun and in his terrestrial environment dates back to the
earliest records of history. The existence of niagnetisn ► has been known since
before the birth of Christ. but the fact that the Earth itself is if huge magnet
was not demonstrated until 1600 A.D. when Sir Willian ► Gilbert explained how
the magnetic compass ► na y be used for navigation.

Similarly, man has Observed the Sun since prehistoric times, but it has been
only in the last forty years that we have begun to develop cause-and-effect rela-
tionships between events observed on the Sun (sunspots, flares, etc.) and on
the Earth ( auroras, magnetic storms, radio fade-outs, etc.).

Since the advent Of satellite exploration of space in 1957, the term "magneto-
sphere" has been coined to mean the region .,f the Earth's influence in space—
the region in which the Earth's magnetic field predominates over the solar mag-
netic field. Had the tern ► existed in the early 1950's, our view of the mag-
netosphere during solar quiet would have been very much like (fig. 190), in

THE MAGNETOSPHERE
1950'S

5-N-1 (0)

FIGURE 189
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which the small circle represents the Earth aikcl the lines represent lines of mag-
netic force. It is the same sort of configuration of magnetic lines of force that mie
obtains in the high school experiment done with a bar magnet and iron filings.
As we shall see, our view of the Earth's magnetosphere is now very different
from this picture of a mere decade ago.

THE BWA OF A PLASMA

In order to understand properly the relationship between the solar %vied and
the Earth's magnetic field, it is necessary to know just a little about the proper-
ties of a plasma. Plasnui is frequently called the fourth state of matter; that is,
matter may exist in the form of solid, liquid,,gas, or plasma.

Plasn ► a is defined as a collection of charged particles sufficiently dense tbs t
space charge effects can result in strongly coherent behavior. The key points
about a plasma are that the Inatter is ionized (essentially completely, although
there can be neutral particles present), that the particles can move around, and
that one can describe particle behavior in bulk in inch the way one can describe
the behavior of a fluid in hydrodynamics. This leads in fact to the terlii magneto-
hydrodynamics, another name for the scientific area involved.

As shown in figure 191, the beta of a plasma is defined as the ration of the
particle energy to the magnetic field energy. It is evaluated by adding together
the kinetic energies of all the particles in a unit of volume in the plasma and
dividing that number by the energy of the magnetic field in this unit of volume.
In interplanetary space, the beta of the plasma is greater than one. In the radi-
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ation belts, it is less than one. And in the neutral sheet, one particular region
to be discussed later, it is equal to one.

The distinction here is that in interplanetary space the particles force the field
around. With betas greater than one the particles are in control and they push
the field around with then ► . When beta is less than one, the field is in command
and controls the motion of the particles as it does in the rau;atlon belts.

( )it(, important pooh to he made is that space is the on l y laboratory we have
in which we can study the physics of certain kinds of plasmas, in particular,
plasmas at low temperatures. plasivas at low density, and plasmas without col-
lisions and wall effects.

It is in this area that some of the most fundamental physical results of the
space progran ► are going to come because this kind of exl.ericnent cannot be con-
ducted anywhere else.

THE SOLAR WINTD

Until recently the Sun was thought to be a source of plasma and of energetic
partl:le emissions for only short periods of time following solar flares. These
emissions propagated into interplanetary apace and interacted %vith the Earth's
magnetic field and with the atmosphere to produce the magnetic storms and
auroras and other associated phenomena which have been known for a long time.

The work of many people, particularly Eugene Parker, in 1958, suggested that
ai continuous flux of plasma from the Sun should occur because of the high tem-
perature of its surface. This plasma is the solar wind. Parker also predicted
that the solar wind Nverld pull thesolar magnetic field out into what is called
an Archimedes spiral, as indicated in figure 192. Th . plasma comes out essen-
tially radially beyond a certain distance from tLc otin and the magnetic field
lines come out in the Archimedes spiral.

EFFECT OF SOLAR WIND ON SOLAR MAGNETIC FIELD

MAGNETIC FIELD LINES

S-IV-3 (67)

FIGURE: 192
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An Archimedes spiral is just another name for the sort of thing you would
see if you looked down from an apartment balcony on it garden sprinkler,
so one sometimes hears the term garden hose effect.

The results of experiments ihat have been conducted on Mariners, Pioneer:,
OGO's, IMP'S and other Explorers have re vealed the characteristics of the inter-
planetary magnetic field and have established the nature of the solar wind to
be essentially as proposed by Parker. Nearly all we know about this subject we
have learned since 1958.

The nominal values and ranges of values for some char tcteristics of the solar
wind are shown in fig. 193. We know about its velocity, its density at the orbit
of Earth, its flux, energy, composition, and magnetic field. These data were
obtained through our experimental research. You see that we have learned .1
great deal.

We have also learned, as shown schematically in figure 194, that the solar
wind does indeed pull the field out in the Archimedes spiral or garden hose
direction. We have learned too, that there is a sector structure to the magnetic
field. If you could sit at the orbit of Earth in it spacecraft and watch the field
go by as the Suit in its 27-day cycle, you would flncl that for some periods
of time the direction of the field is predominantly away from the Sun with ati
angle which is at about 45 degrees to the radial vector. That is thegarden hose
angle. You wait a while longer and the direction will change and be predomi-
nantly inward. Then later predominantly outward and still later predominantly
inward. Again, I em phasize the word "predominantly" here, because there are
averages of the field direction taken over several hours. When shorter periods
are used, very large fluctuations from those predominant directions are seen.

If you look at figure 194 carefully, you may say there are more solar magnetic
field lines coming out than there are gong in. glow can that be unless there are
free magnetic poles? The answer is that we have only examined the situation
in the plane of the ecliptic. We don't know what the field is outside that one
particular plane of space. The kind of result we have obtained is shown in detail
in figure 195. This is a sophisticated chart but it is based on the actual data
and proves the point. If you were to measure the direction of the field and if it
were isotropic, that is, if it had the same magnitude in 411 directions averaged

SOME NOMINAL CHARACTERISTICS
OF THE SOLAR WIND

NOMINAL	 RANGE

VELOC ITY	 500	 300 - 700 km/sec

DENSITY AT 1 AU	 ? 0	 3 - 70 protons/cm3

FLUX AT 1 AU	 5 x 108	 1 10 1 - 109protons/
Cm2 -sec

ENERGY	 1	 0.4 - 4 kev/proton

COMPC.)SITION	 H, few % He < 10% He	 I

MAGNETIC FIELD	 6	 3-15 gamma	 I

S-IV-4 W1

FIGURE: 193
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SOLAR MAGNETIC FIELD DIRECTION 	 ARCHIMEDES SPIRAL OR GARDEN HOSE EFFECT
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over time, then you would see, looking in the ecliptic plane, values, that would
go to the dotted circles. There would be equal magnitudes in alldirections.
But we don't see this. We see that a good part of the time the field points ill at
positive direction or generally away from the Suit, and other time:: it points
Ili it direction or generally toward the Sun. In both (-ases, the fleld does
not point accurately toward or away from the Sun, but rather at an tuat;le
of about 4 ► degrees west of the Sun. This observation determines the fact that
,lie solar magnetle lleld has the Archimedean spiral structure predicted by
Parker.

Similarly, we find that the field does not lie in the plane of the ecliptic but
rather below it a good part of the time. We obviously Lave to get out of th-
plane of the ecliptic to det-rmine the complete configuration of the solar magnetic
field.

We have also found that the sort of pattern shown tends to remain for some
period of time. It will stay until some sort of major event takes place on the
Sun, it huge solar flare, for example, at which time the structure will be effec-
tively blown apart and pushed out completely. Then a ► new similar structure %vili
form and will persist for another period of time.

It sounds as if we know a lot. What then are some of the things we don't
know? Shotvn in figure 196 tare some questions with regard to the solar wind,
some of the things we would like to know.

We would like to know where the solar wind originates in the :gun. The best
guess is that it originates in the corona at a few solar radii from the sut ► 's sur-
face. We don't know for sure.

We would like to know what the solar wind's composition is in detail. We
know it is largely hydrogen, with a few percent helium, and that the percentage
of helium is quite variable-. We don't know why.

We would also like to know how the characteristics of the solar wind are re-
lated to other observable parameters oil the Sun.

We would like to know how far out from the Sun co-rotation persists. (Co-
rotation is the rotation of the solar wind plasma with the Sun.) Co-rotation is

THE SOLAR WIND
•WHAT ARE 1HE DETAILS OF ITS ORIGIN?

-WHERE GOES IT ORIGINATE IN THE SUN?
-WHAT IS ITS COMPOSITION IN DETAIL?
-HOW ARE ITS CHARACTERISTICS RELATED TO

OTHER OBSERVABLE PARAMETERS OF THE SUN?

• HOW FAR OUT FROM THE SUN DOES COfROTATION
OCCUR?

e NHERE DOES IT END?

-WHAT IS THE EXTENT OF THE HELIOSPHERE?

IN THE ECLIPTIC?

OUT OF THE ECLIPTIC?
-HOW AND WHY DOES IT VARY IN TIME?

s -IV a (67)

FIGURE 196
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actually roughly demonstrated in figure 192, which is made ill) approximately to
scale. If the dotted circle represents the orbit of harth, then the little central
dot represents the size of the Sun. The distance that is blank out to where the
Archimedes spiral lines begin, is approximately 20 solar radii. That is, so fur
as we know, about where co-rotation stops and where the plasma begins to go
radially and to drag the field with it.

How do we know it happens there? We Nvork our %vay back from the orbit of
the Earth where we know the beta of the solar wind plasma is considerably
larger than one. We assume that the solar wind comes out spherically sym-
wetrically although wedon't know for sure. We c •an then make a guess as to
►what the magnetie field dependence on distance from the Suit and then work
car way back to where beta would equal one. This is the point whore the field
wouid take over from the plasma, and where co-rotation would begin. It comes
out to be something like 20 solar radii from the center of the Sun.

That is as much as we know about co-rotation. at this time. To learn more
about co-rotation wti ill require spacecraft going in close to the Still spacecraft
around behind the Sun.

Another point. How far out does the solar wind go? That is, chat is the extent
of the heliosphere where, by analogy with the term magnetosphere, I take the
term to mean the region of space which is under the dominating influence of the
Sun. Gravitationally the heliosphere goes out to the orbit of Pluto, 40 astro-
nomical units. Again, front plasma type calculation, we can take the beta of the
plasma at the orbit of Earth and figure how far out we must go to make it de-
crease to the point where the kinetic energy of the particles per unit volume
matches the energy of the magnetic field fit the galaxy. From such a calculation
the distance to which the heliosphere extends is something between 10 and 100
astronomical units. That is as accurately as we ca.i^ tell at this tirae. It. may be
50 or so astronomical units out there in the plane of the ecliptic.

We don't know the extent of the heliosphere out of the ecliptic plane either.
And we don't know much about how and why the solar wind varies in time.
Another unknown is the basic reason for the 11 year solar cycle.

So you see that while we have come a long way, we still have a long way to go
before we fully ;7 ,iderstand the solar wins'.

THE EARTH'S MAGNETOSPHERE

As I mentioned earlier our view of the Earth's magnetosphere today is very
different from that of a decade, ago. One current view that shows many of the
terms involved is shown Ju Figure 197.

I have defined the magnetosphere as the region of the Earth's -nagnetic infiu-
ence in space. The magnetopause is the boundary which separates the region
where there are strong and oriented magnetic fields derived front Earth, as
opposed to the region outside where there are weak and fluctuating fields derived
from the Sun. The solar wind impinging on the Earth's fleld causes field lines
from the polar regions to be swept back in the anti-solar direction forminti the
Earth's magnetic tail. Field lines in the tail below the plane o ►' the magnetic
equator point predominantly in the anti-solar direction and those above that plane
point predominantly in the solar direction. Between the two, at the equatorial
plane is a neutral sheet in which the field reversal is accomplished.

The flow of the solar wind through the interplanetary medium is supersonic.
Therefore, a shock wave, the bow shock. is created upstream of the obstacle (the
Earth's field), in the same way that a shock wave is created upstream of an
obstacle in a supersonic wir y'. tun..el. Retween the how shock and the magneto-
pause is a region of turbulence, insofar its field an(] particle inotion directions
are concerned, called the transition zone.

This is all new knomledhe since 1958. This vlcw of the Earth's environment in
space has been established by satellite experiments oil number of spacecraft,
especially those in the IMP (Interplanetary Monitoring Platform) series, in
v-hich highly accurate magnetic fleld measurements were made by Dr. Noru ► an F.
Ness.

An example of the kind of data that have produced these results is shown i:,
Figure 198 where some OGO I data are presented, showing the bouruciary cross-
ings as measured by OGO. Hundreds of such crossings have occurred. The shapes
of the magnetopause and the how shock are very well delineated. They are com-
pared here to a theory in which the Mach number, 8.7, of the incoming plasma is
chosen to give a best fit to the data.
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THE MAGNETOSPHERE OF EARTH
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THE MAGNETOSPHERE

AFTER AXFORD ET. AL. (1965)

SOLAR	 MAGNETOSPHERE
WIND DIRECTION	 BOUNDARY

S-IV-9 (67)

FIGURE 199

Figure 199 is a somewhat different picture.
It is a somewhat different model of the Earth's magnetic tail. The magnetic field

in the region of the tail has been measured first by the first IMP, Explorer XVIII,
and later by other spacecraft. We would like to know how far does the tail go?
What is its detailed nature? What is the nature of the neutral sheet? You see in
figure 200 and figure 199 that two different scientists have two some,, hat different
ideas of what the neutral sheet is. One has it as very thin and th^ other has quite
a large volume. We don't know yet in detail which of these is correct, although it
appears right now that the model shown in figure 199 has more validity than that
shown in figure 200.

As a partial answer to the fascinating question of, how far does the tail go,
Explorer XXXIII has recently gone well beyond the orbit of the Moon in the tail,
and has made some excellent measurements out there. These show that th; tail
goes more than 75,000 miles beyond the orbit of the 'Moon.

Preliminary resultF, shown in figure 200, from an experiment by John
Wolfe of the Ames Research Center on Pioneer VII taka the story a great deal
further. The figure shows the solar wind, the orbits of the Moon and of Ex-
plorer XXXIII, and the trajectory of Pioneer VII. Also shown is the "geo-
metric shhdow" of the magnetosphere, and the place where Pioneer VII de-
tected the Earth's wake between September 25 and October 1, 19Gfi, at a dis-
tance of some 4,000,000 miles.

I say that Pioneer VII detected wake effects, rather than the Earth's tail,
because the results do not look in detail like the results of the Explorer XXXIII
measurements. In fact, the cause of the wake effects is not really clear. It is
presumabl y some form of turbulence, taking place very far downstream.

We would like also to know why and how the tail is formed? How do the
particles get through the front end of the magnetosphere, if they do, to get ir,
to form the radiation belts? Or do they enter from the back, through the tail?
How does energy get transferred across the boundaries? There are numerous

^,	 questions of this sort, some of which are listed in figure 201.
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PIONEER MI AN D EXPLORER
PROBE EARTH'S WAKE

MOON EONS
SOLAR
---- WIND ,5^'` C' -- PIONEco

TO 	 EARTHSUN	 200	 400	 600	 1300	 1000 RADII
9/25/66

---^^	 EXPLORER	 _
SOLAR WIND 

,SNoCk F^.

	 10/1/66
TO/^T	 WAKE EFFECTS

DETECTED-
"GEOMETRIC SHADOW" RANGE-4,000,000 MILES

OF TH! MAGNETOSPHERE
NASA S 67-1892

2-7-67

FIGURE 200

PLANETARY MAGNETOSPHERES
THF. EARTH'S MAGNETOSPHERE

• WHAT IS THE NATURE OF THE BOUNDARY?
- THE MAGNETOPAUSE?
- THE SHOCK FRONT?

• HOW PERMEABLE IS THE BOUNDARY?
• WHY AND HOW IS THE TAIL FORMED?

- HOW FAR DOES IT EXTEND?
• WHAT IS I HE DETAILED NATURE OF THE NEUTRAL

SHEET IN THE TAIL?
• HOW ARE THE RADIATION BELTS FORMED AND

HOW ARE THEY MAINTAINED?
• WHAT ARE THE MECHANISMS OF ENERGY TRANSFER

WITHIN THE MAGNETOSPHERE?
• HOW DO MAGNET iC STORMS AND AURORA OCCUR?

OTHER PLANETARY MAGNETOSPHERES
• ARE THERE ANY?

- JUPITER, SATURN, MOON?	
S- 1v- 10(67)

FIGURE 201
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When you get inside the magnetosphere to the radiation belts you find that
we no\\' know a good deal about the details of what is there. We ha%-e moved
tip to the second generation kind of experiments. Instead of just measuring chat
is there and saying this is NA-hat we have found, we can now make a measure-
inent, figure ont what ought to happen nest, and see if it happens. Figure 202
show s all 	 of this sort of thing.

Oil April 17, 171115, a magnetic storm occurred which was ineasured by I:x-
ldorer XXVI, a spacecraft that had particle detection devices and field detection
instruments on lx)ard. In this chart (see fig. 202) the solid circle, represent in-
tegral fluxes as a Function of poAtion in the Van Allen Belt, t ►c-fore the occurrence
of the storm. Rased oil those measured pre-storm fluxes and oil magnetic field
measurements before and during the storm, it is possible to predict what should
happen to the particle populations during the main phase of the storm NA-hen
the field changes, using the theory of adiabatic invariance. The predictions are
the dashed curves. The actual measurements that correspond to these predic-
tions are the crosses. 'rhe agreement is very good in most cases.

The point to be made here is that we now have the ability in some regions
of space in the radiation belt, for example= , to study the dynamics of the situ-
ation, and to study what happens after pe^ •turbations. We know enough about
chat is going oil to be able to predict what is going to ha ppen and tins essen-

tially to do controlled experiments.
One of th,, things we would like to do with a controlled experiment is to put

some particles into the radiation belts and see what happens to them. It should
be possible, using a particle accelerator in a satellite, to introduce very care-
fully a sufficient number of distinguishable particles into a shell of the radia-

COMPARISON OF PRE-STORM(*) AND MAIN
PHASE(X) PROTON INTENSITY PROFILES

FIGURE 202
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tion belt that we may foll , -%v tl- ')eliavior for some time thereafter, ai_d thus
learn about the tnecliunist.,s by witici: the radiation belts ci;a::ge in time. This
experiment would be a follow-6t, ,,) the unexpected result of the Starfish test
of Ith^2, but done this time under very .arefully controlled conditions. It is
demonstrated qualitativel y in 1gare 203.

We would like also to study th— fomdcioa of auroras by studying; what happens
if one puts in what we think are the necessary particles and tries to make one.
Figure 204 shows the general idea.

We intend to fly an electruzi accelerator on a rocket: launch it, turn it around
properly, tale off the nose cone, turn on the accelerator, and shoot the electrons
doivn on top of the atmosphere. We believe we can make an auroral spot. In
fact. Nvith the characteristics of the accelerator that we are going to use, it should
be possible to make an aurora as bright as a fuli Moon.

Another experiment will be to shoot the particles from one hemisphere to an-
other and delineate the actual location of the Earth's magnetic field lines, as
shown in figure 203.

PLANETARY MAGNET08PIIERE6

Finally, what about the magnetic fields of other planets? What about other
planetary magnetospheres? Are there any? We know Jupiter emits copious
amounts of radio noise. Synchrotron radiation froze ► trapped radiation belts
sounds like a good reason for this. Jupiter is known to have a strong magnetic
tield. We also know what the strength of the solar wind ought to be there. So
the test prediction is that Jupiter should have a magnetosphere like the magneto-
sphere of the Earth, and it ought to go toward the Sun froze. the center of the
planet to the tnagnetopause. a distance of 50 Jupiter radii, approximately.

Figure 206 shows trajectories at various distances from Jupiter that night
be used to make measurements of this predicted radiation belt. This, of course,
is a program that many of us are very anxious to carry out.

The little satellite of Jupiter, Io, as shown, has a very considerable effect on
the synchrotron radiation of Jupiter. When Io gets in a particular position, the
synchrotron radiation's characteristics change drastically. We don't know the
reasons for this phenomenon.

Saturn is the planet most similar to Jupiter. It is nearest in s ce, it rotates at a
similar velocity, and is in gen-0 the same kind of planet, having roughly the

SHELL FILLING EXPERIMENT
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same composition and density. It ought to have a magnetic field and probably
ought to have synchrotron radiation too. But it doesn't. Why? We don't know the
answer to that either.

What about the Moon? Does the Moon have a magnetosphere? Some people
think it does. One picture of what the Moon's magnetosphere night be shoNvh
it with a magnetopause at the surface and a shock wave about a quarter of a
\loon's radius out. If this is correct, the magnetic field and the plasma in the
vicinity of the :Boon should be different from the field and plasma in ordinary
interplanetary space. This would be noticeable when the Moon is outside of the
Earth's magnetosphere. Russian measurements on Luna 1 are not at variance
Nvith this idea. The fields and plasma they saw near the Moon did look different
from the fields and plasma in interplanetary space. So far none of our luna-
anchored spacecraft has carried equipment capable of making this sort of
measurement.

CONCLUSION

To conclude, I refer you to figures 196 and 201, the charts with the questions.
At this time, most of the "first look" kind of exploratory measurements dealing
with the solar wind, the interplanetary medium, and the magnetosphere have
been done very successfully.

Through these detailt<t studies we have an excellent phenomenological picture
of our enviror.:nent out to the interplanetary region. What we don't know in
many cases, are the basic physical mechanisms involved. We haven't done the
second-generation and the third-generation experiments that ar ms going to tell
us why things are happening the way they are happening.

Because of the excellent exploratory results, we are in the position to de-
velop more sophisticated experiments to answer definite questions. This proc-
ess has already begun and mill, I believe, continue well into the next decade.
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Finally, we still have before us the exciting prospects of our initial en-
counters with Jupiter, Saturn and the outer planets, and the necessity to get
out of the plane of the ecli ptic in order to understand fully the nature of the
Earth's environment in space.

APPENDIX V. THE PLANETS

Robert Jastrow, * Director, Institute for Space Studies, Goddard Space Flight
Center, NASA, and William Brunk, Program Chief, Planetary Astronomy,
Office of Space Science and Applications, National Aeronautics and Space
Administration

Nine planets circle the Sun. We inhabit one of them. Two others—Venus
and Alars—approach us oL occasion as closely as 30 or 40 million miles, whiva
is only a ;tone's throw on the scale of astronomical distances. let, iii inost
respects, we know less about these bodies—the Earth included—than we know
about distant stars, tens of trillions of miles away. We do not know how
'.he planets came into existence, nor how the continents and oceans oil
for example, were formed; nor of what materials the interiors of the Earth
and other planets are composed ( the materials in the Earth's crust are known,
but there is strong evidence that the interior of the Earth is very different).

More is known about stars than planets for two reasons.
First, a star is a self-luminous body which radiates copious amounts of light.

The analysis of the wavelengths contained in this light tells us the composition
of the star's surface laye r. In st-me stars, there is enough turbulencz—enough
mixing and churning inFide the star—so that we can assume that the light conn-
ing from the surface of the star represents, in its spectrum, the composition of a
fraction of the star's interior.

Second, and even more important, stars of every different age are in the sky.
Te see stars in the process of formation, stars that are young, middle-aged, old
and nearly extinct. In the last few decades, by a study of these stars, we have
learned the complete life cycle of a stellar body.

But the skies do not reveal the past history of the planets. Every planet in the
solar system has closely the same age-4.5 billion years, give or take a few hun-
dred million years. It is very difficult to find out what conditions were like on
the planets in their early years. At the present time planetary science is in a more
primitive state than astrophysics. It is even difficult to find out which conditions
were on the Earth when it was a young planet, although those conditions are of
keen interest because they iniluence modern ideas or. the origin of life on the
Earth. There is evidence that life began on the Earth in the first billion years of
its existence, but tinder zchat cowlitions did it ari.4c1 We do not know.

Explorations of the 'Moon, Vs pus and 'liars bring us to the threshold of a new
era in planetary science. Those bodies are the same age as the Earth; and a
knowledge of their present state will not immediately reveal the past of the
Earth, but carefully designed planetary experiments, analyzed by scientists with
a broad understanding of the Earth as a planet, may tell us much. The initial
flights to the Moon, Venus and Afars have already revealed vitally significant in-
formation about these bodies.

Let us present what can be said, at the moment, about the planets and their
history, mentioning a few critical spacecraft results as th-y fit into the discus-
sion. We start from the Sun and go outward in a quick review of planetary prop-
erties.

MERCURY

The planet nearest the Sun is 'Mercury. It is about a third the diameter of
the Earth, acd is only slightly larger than the 'Moon. Alercury has a ll average
density of about five, somewhat about the same as the Earth's average density.
The length of its year is 88 days and it was thought to rotate oil axis %vith
the saine period. Recent radar observations have shown that it rotates oil its
axis in 59 days. which is two-thirds of its orbital period. It was always thought
to be a body without an atmosphere, because of the great heat absorbed by the
side that faces the Sun. But there are some indirect su sggestions that it has in

► One repent theory proposes thn.t the Moon is younger—perhaps less than a billion years
old—but this is a minority view.
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	fact an atmosphere, perhaps its dense as that on Mars, i.e., a few tenths of a 	 =
lwrcent of tit(' atmosphere oil the Earth.

VENUS

Beyond Mercury lies Venus, which is (rf special Interest because it is, or should
be, a sister planet to the Earth. 1'enus, when compared with Firth, has 80 per-
cent of our : pass; 95 percent of our diameter; till(] about the saute force of
gravity. The l^::,'^^ of its year is 229 days. It rotates eery slowly oil axis
with a period of 247 days in it direction opposite to that of the Earth. ( Venus and
some of the :coons of the major planets are the only bodies that do this.)

The atmosphere of Venus presents an enigma because it is so opaque and ex-
tensive compared with the Earth's. The atmosphere is dense and contains par-
ticles of some material Nvith high reflecting power. The most reliable measure-
ments of depth of the atmosphere hr,ve been made (luring occultation of stars
by Venus. Values from 90 to 120 kill have been obtained for the altitude of the
cloud tops. (Highest value, for Earth are noctilucent clouds at 85 kill.)

The composition is obscure; carbon dioxide has been positively identified and
formerly was considered a major constituent. We now believe it to be a minor
component, probably less than 10 percent. CO and II_O have also been detected
but nitrogen is assumes] to be the major component. Onl.v trace amounts of NYO,
CII,, C2I14, C21111, or NH3 could be present. Based on present theories of evolution
of atmospheres, it does not appear reasonable that Venus has retained its original
atmosphere.

Venus was al%%ays thought to be a eery promising body for the discovery of
extraterrestrial life, because a calculation of the average surface temperature
oil 	 theories developed for calculating the temperature (list ribution
oil 	 surface ur the Earth, and resting oil 	 fact that Venus is 2.3 million
miles closer to the Suit therefore receives twice as much intensity of sun-
light—yields the result that the global average surface temperature is 80° F.
This is also the average temperature of the islands in the Caribbean. 1'enus has
a very balmy climate, in principle.

These illusions were shattered by the radio astronomers lit and the
destruction was completed in 1962 by the Mariner II spacecraft. The radio
astronomy and spacecraft data indicated that the irtensity of microwave radia-
tion from Venus corresponds to a body which is above the melting point of lead—
about 800° F—and furthermore, that this radiation most probably comes from
the surface of We planet and not from its atmosphere, as had been suggested by
some observers.

Eight hundred degrees is much too hot to allow the possibility of the develop-
ment of life, except perhaps at the poles, and that is uncertain. But why is the
surface of Venus so hot? The current view is that if Venus is indeed as hot as
this evidence suggests, the heat is probably the result of a very dense atmosphere.

Estimates for the atmospheric pressure at the surface vary front 	 3
to 300 Earth atmospheres with the most probable acceptable values being from
lit to 100. Estimates of pressure at the cloud tops vary front to one Earth
atmosphere. Carbon dioxide and water vapor in the atmosphere absorb heat
radiated by the planet strongly in some regions of the far infrared spectrum.
lit case ofthe Earth, most of that heat escapes to space. But in the case
of Venus, with its large f.mount of carbon dioxide and water vapor to absorb
thio planetary radiation, the heat is trapped and returned to the surface, rais-
ing the temperature of the surface considerably above the level it would have
been if Venus were an airless body of rock. This heating process is called the
"greenhouse effect."

Theoretical studies indicate that if the carbon dioxide and water vapor ab-
sorption bands are spread out by the pressure broadening, i.e., by collisions
in a dense atmosphere, the whole infrared region %vil] become uniforml y ab-
sorbing, and almost all of the planetary radiation will be trapped and returned
to the surface of the planet. Conceivably, the high temperature of Venus hits
this explanation.

Recently it suggestion was made that all or a part of the microwave emis-
sion actua!ly results from electrical discharges in the tops of the Venus clouds.
There is it over this suggestion; the spacecraft evidence is against it.
But the topic is not closed yet.
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We would know more about Venus, which is mtr nearest planetary nelgh-
hor, if it %rer,, not covered by the heavy, uniform layer of white clouds, NN.Ilich
may he seen ill the attached photograph (fig. 207) of ` ' mils kilien f.rmii the
Earth. (The photo shows Venus ill c.eseent phase, between the F'.arth ar.d
the Sun, with only a part of its illuminated snrface risihlc to its. We see the

.1111 Veuu:," when it is on the other side cif the solar system front us.)
however, it is no longer certain that the N'enus Blond corer is complete. I)r.

Ichtia(lue Itasool of the Goddard Institute for Space Studies points out that the
ptcttmv of the l;arth taken from the Moon by Ltutar tlrbiter [ would look just
tike the picture of Vends from the Earth, if the 0rh;ter picture were as bad!y
blurred as th- picture of N'enus is (hy distorting effe,ts of the Earth's atmos-
phere). It may be tha` when television ean:eras are carried to the vicinity
of A'enms, we will fill(] 0111 that the planet does have breaks in its cloud corer,
per• ntittiug ns to photograph the surface.

.\]though we have accumnlated some experiment;tl dnta relalitiv to Velllls
from Earth-based telescopic ohserrations and from the Mariner II fly-by. our
present difiicnIty i> that there is a wide range of theoretical models involving
CO2 pressure, cloud particle composition ;in(] size, water content, et c ., that
would account for the atmosphere. We do not know the composition of the
clouds. It is interesting to note that the amount of II_0 vapor detected cor-
responds to that ;amount irl the Earth's atmosphere ut high cirrus cloud top lei els
or approximately 10 miles altitude. Ilowever, we have no reasonalilo accurate
value for the thickness of the cloud ];aver oil or the altitude of the
('loud tops.

Largely from lack of chemical information, little is known ;about the clouds.
In this connection, some recent data obtained by Connes and analyzed by Kaplan
are of considerable interest. Hydrogen chloride has liven identified positively as
a trace component in the atmosphere. hydrogen chloride is a highly soluble gas
which forms hydrochloric acid when dissolved in water. The industrial grade is

VENUS IN CRESCENT PHASE

FIGURL 207
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often called nlnrilltie Iicid. It is also interesting; to Kee thnt not only were several
0bsorliti-us for llc'1 found tit their prol ►er spectral positi(m4, hilt II( l au ► leculeswith t il t - Iwo different iSOto1KW of chlorine 35, tail :17, were also detected.

R'c , know so little about the atmosphere of Venus that %ve will not discuss
c irculation ntoveulents or surface N%inds except to po!nt /.tit that. at times, dis-
finctive featires ca p ► be seen in the Venus cloud coffer when ( . cIlmined in the
11 -11- ultraviolet. These features show movement tit)(, trlvel as if they- were part
11f sour • kind of atmospheric circulation phenomenon.

Ilow nlnch water is oil Tilt.; Earth has about 2 kilometers of water iu
lielnid form, on ► ir e average, if spread over the surface of the gloi ►e. This 'water
is believed to lwve been exhaled front the crust, in fissures and volcanic activity.
daring,► the 4.., billion years of +cur history. It Is the water that was traplied in
the interior of the Earth and g;raelually came ill ► to the iirrm .,. Penns is our
sister lihmet - it should have a similar supply of water trapped ill 	 interior
and g radually released to the surface. The 1 ►est evidence is that Fenn- has no

more than it 	 centimeters of water, compared with :i water layer severiil
I;iloniviers thick tilt 	 E::rth. (Of course the water would IN S in the fora ► of it
v:lpor at the high temperattre of Venus.) It does not have the copious amount of
water ( ill 	 f r• in ill 	 atmosti"wre) that we have lit 	 form ill
oc(.:! us.

It is not known why the water a-pills to have disappeared from Vetltts. And
it i^c not known why the atmosphere is so much denser Omit mi:s. When these
;lnestions are answered, we will also illuminate some of the present uncertainties-
regarding the history of our own planet. At present it can only he said that
Il y- terrestrial standards, Venus apl ►cars to be a hot, dry planet, unlike the Es rth.
:Ind very unsititahle for the development of life.

ItAItti

Skil ►piug; the 1:arth, we come to lira(.-., which is a IN ► Ilt 50 mlllloil tltiles Earth(. ►
front the Suit 	 the Earth is. It rotates on its axis oil(* ever, 2-1 hours lift(]
37 minutes, and it circles the Still 	 20 month.i.

The density- of Mars, like that of Venus, is about the same its the density of
the rocks lying oil 	 surface of the Earth; for this reason Mars is Relieved
111 be c•ompo^: ed of reeky materials =imilar to those oil 	 planet.

The most important new data were cbtained by Mariner IV duril:g its .lily
19G5 flyby. The results showed that the pressure, tenll,erature, density, and
scale height near the surface were lower than previously supposed. Theo results
were generally supported by the expanded program of telescopic observations
that were conducted for that opposition.

'1'h(. range of surface temperature of Mars is very large. The diurnal varia-
Iiou can be as much as 1£10° to 270° F. Mariner IN' deteniiitled it 	 of
Muria —1:10 * I•'. for the southern hemisphere tit whiter and about --)t;° V.
f(Pr the northern hemisphere stimmer vale(.. These temperatures were lowi-r than
11111-.4 . previously obtained by infl'ared measurements hilt ,lid agree more closely
with iilic • rovvave temperature results.

The presently accepted range of atmospheric surface presst, l•e of 5 to S milli-
harp f oo l- Mars is in the neighborhood of l/: to 1 percent of the Earth's atti o s-
pbcre at sell level. The average %:title for pressure of file E'arth's a(ueosph(.re
at 1(m),W) feet is about 10 millibars.

The to oli • r atmosphere appears to be colder than previ ously a'^suulcei, a factor
important to determining; orbit and estimating; lifetime for ;lit spacv-
craft Ilbont Mars. This is because a colder atmosphere would cling; (-lo ser to the
planet and IH• les s-dense-it high attitudes.

.knottier property of the Martian atmosphere of great iuteres t is the nature
id the circiihition (if the atmosphere The yellow clouds. %%hick are lwlievtA to
be gigantic dust storms, have bee ►► studied. Due to tilt . low surface pressure 4011
Niars, large wild velocities tore necessary to sweep dust particle]► f1`111 I goe sur-
face, valiies of ,,00 kilometers pet hoar being typical. These values are much
Iligsher tilml observed for the rnoti: ►i of the yellow cloilds, but the data ( . 1111 to.

1'eeti0I1cib'd if 11111' jissililles the (]list cloud s re pre-.]'lit cYcleillic syStellis 011 it large
scale similar to 1111st devils observed ()it we:itcril desert laid. 'fills is 11 r(.a-
sonable assumption ; however. it does not give Its ally information on tilt . values

of wild %elocitie-..
.11thmig;h these dust storms and haze occ•asiorlall y are l^ ► usi ►icuot.s, 11141 st of

the time the face of the planet is open to photographic su rveilla ►.ce. Ill Klate
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of the tack of permanent clouds over Mars, it is impossible to obtain good photo-
graplhs of .he planet from telescope:. on the Earth because of the blurring ef-
fect of the Earth's atmosphere on rays of light reaching us from space. No fea-
tures of the surface of liars can be seen from the Earth (no matter how large
the telescope in which the planet is viewed) unless they are 50 miles cr more in
(.iarn	 veter. It is impo..ble to tell from the Earth whether Afars has :Mountains,
oevan beds, or any features which might indicate the presence of life.

Far better pictures of Mars were taken for the first time by the Mariner IN'
spacecraft in 1965, as it swept past the planet at a distr nce of 4,000 miles. The
Mariner photographs reveal features as small as two miles in diameter, which
is approximately the same degree of detail visible in pictures of the Moon taken
from the Earth. The Mariner photographs showed an important point about
.Nlars, namely that it has l:!-Nserved the reeord of its past better than the Earth
has. Erosion on the Earth, ma.vly by running water but also by winds, combined
with extensive geologic a,:'W t r, has moved surface materials from oneone place to
another and churned them ove- at a time scale of 10 to 50 million years. E^-ents
which occurred e,.rlier than ,hat are not directly detectable. Most meteorite
, raters have keen eroded away; only the most recent, such as the Arizona crater,
are still clearly vis-h-L.

In the case of Mars, he Mariner photograph reveals a density of craters which
is about the same as that on the Moon. The density of craters on the Moon is
consistent with the idea that it has been peppered by meteorites since the solar
system was first formed. It makes the Moon very inte:estirg to the student of the
origin of the solar system, because it has preserved its history going right back 	 1
to the beginning of the solar system, a history lost to us on the Earth. 	

Ihe well-preserved state of the Afars craters suggests that Afars, like the 	 IMoon, has not been strongly affected by erosion of wind and runnin- water.
However, there are those who point out that Afars is closer to the asteroid

belt, which is thought to be the source of most meteorites, and perhaps more
heavily peppered by meteorites than the Moon and the Earth have been: there-
fore, firm conclusions cannot be drawn from the number of craters that the
Mariner photograph revealed.

But it seems that the surface of Mars, while perhaps not as old as that of
the Moon, is certainly older than that of the Earth; it is a surface which may
b2 of the order of a billion years old.

The Mariner photographs, by the way, did not reveal signs, within their
limited resolution, of a past history on Mars in which there was an extensive
amount of running water. That fact has a bearing on the origin of life. Oxygen
is not needed for life, but water is necessary. One needs a fluid medium in which
molecules—the basic building blocks of life—can collide, and chemical reac-
tions go on.

_Afars may be relatively and now, but may have had more water at ar, earlier
point in its history. If so—if water existed there for a hundred million or a
billion years—life may have developed and then declined. But there is no trace
c.f erosion by running water in the Mariner photographs obtained thus far.
Thus, it lo(,ks as though for a considerable period in the past Mars has been
a relatively dry planet.

The Afariner photograph had a resolution of about two miles. A future flight
is planned to have a resolution ten times better, and may illuminate the inter-
esting question of water on Afars in its past history.

Until several years azo, there was much interest attached to interpretations
of the Sinton bands. Infrared spectra of Afars reported by Dr. Sinton in 1959
showed indications of molecules with carbon to hydrozen hondin(z. This was
of tremendous interest because bonds of this type are sbown by all living ma-
terial and essentially all organic compounds. However, these spectral features
were later shown to be due to heavy Ovate* vapor HDO iM the Earth's atmos-
phere. A recent finding of great interest is the identification of CH,X (substituted
methane) in the atmosphere of Afars by Xaran who interpreted spectra ob-
tained by COnnPS.

ASTEROTDS

Beyond Mars there is a large gsin in the distribution of the planets. Bode's
law prediets a planetary body located outside the orbit of Afars at about three
times the Earth's distance from the Sun: but instead we fined only a large number
of small lx)dies circling in a rin g:. These are, called asteroiel •^. O^easionally. colli-
sions between these bodies, or perhaps, the gravitational pull of Jupiter, will pull I
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('11f,of them out of its orbit and into a collision course with the Earth. It. is be-
lieved that many, if not all, of the meteorites which hit the Earth have this origin.
Examination of the meteorites which survive th? searing passage through the
Earth's atmosphere reveals them to be pieces of rock and iron with a rather
complex physical and chemical history. Many of these meteorites appear to have
been pulverized at some point in their early history and compacted again into
their present foran. All this evidence together suggests that there may once have
been a group, of planetesimals of substantial size in an orbit between Mars and
Jupiter. For some reason, the planetesimals did not reach the ultimate stage or
accumulation into a large-sized planetary body, as did the other objects in the
solar system; or, if they did, they were disintegrated again in some subsequent
catastrophe. Their total mass is only one thousandth of the mass of the Earth;
that is not really a respectable mass for the fragments of an entire planet, at fact
which deepens the mystery of the asteroids.

Beyond the asteroids a planet is located where we next expect to find one. It
is called Jupiter. Jupiter is the first of the Major Planets, the others being Saturn,
Uranus atal Neptune. All are of a type completely different from the Earth and
Earth-like planets discussed up to this point.

PLUTO

Beyond the M :1 jor Planets, finally, is the small planet Pluto, discovered in
1931, which is the ninth and last planet to be found in the solar system. Practi-
cally nothing is known about Pluto. From the amount of light it reflects, it is
probably about the size of the Earth; we know its mass frohi planetary per-
turbations in its orbit, from these two results we deduce that it has the density
of the Earth. It is probably an Earth-like planet composed of rocky materials;
but, of course, it is as frozen silent world, far too cold to support any form of life.

MAJOR PLANETS

More is known about the Major Planets. They are approximately ten times
larger in diameter than the Earth and 100 times more massive, but considerably
lower in density.

The Major Planets are less dense than the Earth and its neighbors because
they are made up largely of the lightest elements, hydrogen and heiiilnn. These
elements make up most of the matter in the universe, about 99 percent as far as is
known. They also make up 98 or 99 percent of the elements in tiie cloud of gas
and dust around the Sun out of which the planets formed.

If, as is commonly believed, all the planets formed around the Sun as minor
condensations under the force of their own gravity, in the same sway the dun
itself was formed. that composition should be similar to that of the Sun. In other
words, they should look like the Major Planets; they should not look like ter-
restrial planets.

These Major Planets, because they have the full abundance of the light ele-
ments. U-ydrogen and helium, are very much less dense than the terrestrial plan-
ets. she terrestrial planets have the density of rock. which is three grams per
cubic centimeter. More precisely, depending on how big they are and how much
they are compressed by thcr r own weight, their density varies fr , 1111 three to five
-rims per cubic centimeter.

The Major Planets all have a density in the neighoorhood of one grain per
cubic centimeter, which is the density of water. Saturn, in fact, has a density of
0.7. it is less d.-nse than Avater, and would float in a bathtub if you could get it in.

JUPITER

Jupiter is the largest of the Major Planets and the largest planet in the solar
system, eleven times larger in diameter than the Earth and ills times more
massive.

Jupiter is characterized by the famous red spot which has attracted the interest
of astronomers for two hundred years. The spot varies in visibility in an
irregular manlier over periods of several years, changing from a hardly visible
faint pink to a fairly conspicuous red. The atmosphere also shows bands and
zones of varied c ,)lors. Although many interesting suggestions have been made
to account for these features, identification of the composition remains as a
challenge to future space missions.
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Jupiter is within a factor of thirty of being massive enough to be a star. If
Jupiter were thirty times more massive, the pressures and temperatures at its
center, produced by its own weight pressing on its interior, would rise to the
threshold for ignition and burning of nuclear fuel, which would make it a star.
It fails to make the grade; if it did our solar system would be a double star.

This brings us to one of the highlights of recent planetary research. Dr. Frank
L(,w, a physicist turned astronomer, has been working in infrared astronomy,
which is one of the most exciting and profitable new fields in astronomy. He has
we asured the infrared energy emitted from Jupiter, and has discovered that the
planet is radiating to space four times as much energy as it gets front the Sun.
What is the source of this extra energy? Is It nuclear? The theoretical astro-
physicists state that Jupiter is too small to burn nuclear fuel at its center.
Probably they are right, for the missing factor of thirty in mass is significant.
Is there another explanation? Perhaps Jupiter gained much energy %N hen it first
condensed, out of the solar nebula, as parts of itself fell on one another under
the force of their gravitational attraction, and the planet was heated to so high
a level that it is still releasing to space the remanent of that primordial gravita-
tional heat. We do not know. We can only say that this result in infrared
astronomy is one of the most interesting planetary observations obtained in the
'last year.

Can there be life on Jupiter? At first thought it seems that Jupiter is a very
poor place for the evolution of life. The planet is far from the run, and its
temperature, as measured at the tops of the clouds, is a frigid 300° F. below
zero. But we must remember that below the cloud tops the temperature, by
basic laws of physics, must rise, just as the temperature of the Earth's
atmosphere rises from ►0° F. below zero at the cloud-top altitude of 30,000 feet.
until as one descends toward the ground it reaches an average temperature of
60° F.

The temperature on Jupiter also must rise below the cloud tops, and calcula-
tions indicate that at some point in the atmosphere. or on the surface—if the
planet has a surface—it will pass through a regime which is suitable for the
support of life.

Further, we know that Jupiter has an abundant amount of the atmospheric
gases which are believed, according to the Haldane-Oparin-Urey theory of the
origin of life, to be necessary for the development of life. These gases are hydro-
gen, methane, ammonia, and water vapor; they are copious in the Jovian at-
mosphere, and we wonder whether perhaps the chemical evolution of life has
started there, at some level below the cloud tops.

Conditions on Jupiter are so different from those on the Earth that we cannot
even guess at the form such life might assume. We will not know for a long time,
not until spacecraft have made the five-year roundtrip to that planet—and that is
many years off.

SATURN

The planet Saturn also presents interesting questions. The methane-to-
ammonia ratio in the upper atmosphere is much higher than it is for Jupiter.
The atmosphere also shows banding and cloud variations but, on the whole, does
not appear to be as active as that of Jupiter. Saturn and Jupiter are of great
interest because they may still have their original primitive atmosphere.

PLANETARY UNKNOWNS

With this short synopsis of the planets, I would now like to bring out some of
the reasons scientists of many different disciplines are excited about planetary
studies. .

Does Mars have a primitive atmosphere similar to the one for the primeval
Earth? Does the failure to find evidence of primitive volcanic gases in noticeable
concentration indicate much less volcanism has occurred than for the Earth'?
Or has Afars already lost its secondary atmosphere?

How has the massive atmosphere of Venus arisen? There must have been
unique processes of unknown nature to provide an Earth-like planet with such
a considerable atmosphere compared to Earth and Afars. Could Venus have now
or have developed and lost indigenous life, a life with processes attuned M an
environment so different that we are unable to speculate upon its form?

The outer planets are cold, and their atmospheres fit well into our theories of
planetary evolution. Mars, Venus, and the Earth when examined as sister planets
present important problems we cannot explain.
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EARTII

Let us now say something about recent developments related to the history of
the I;afth and its atmospher e. These developments have at stron" influence on
tl ► e current vieNvs of bioehemi: is regarding the origin of life on the Earth.

When the Earth was first formed, it must have been very warm, or else it
became eery warm at some point shortly after its formation. We are certr; in of
this because at the very beginning the Earth must have consisted of rock-like
materials with bits of iron and nickel —which are abundant elements—sprinkled
throt► -bout s interior.	 nickel in  he,.	 t rt rt terror. At the present tune, most of the iron and me cl	 t
I."Irth exist in the form of a molten core at its center. The solid rock mantle ^^tir-
rounds this core; capping the mantle is a thin crust of lighter rocks forming the
< •onthieats and ocean basins (fig. 208). :apparently the Earth became hot
enough---tither by radioactive heating or by the heat acquired Nvhen it first
gathered together under the force of its own gravity—so ths ► t the iron and
nickel which Nvere sprinkled throughout the body of the planet melted and rail
to the center.

In this same early period of the Earth's history, it lost itm priruitive atmos-
phere; perhaps the atmosphere was evaporated by the Name heating processes
which melted the iron within the Earth, or perhaps it disappeared for another
reason. Why are we certain that the primitive atmosphere is gone? There are
particular gases—rare gases, neon, argon, and xenon—which should be present
in the Earth's atmosphere in their full primitive abundant-, because they are
too heavy to esc•alx the Earth's gravity, and are too inert chemically to enter
into combination %vith other substances in the crust. Nonetheless, these rare
gases are present in only trace amounts. Of neon, for example, there is present
only one-tenth billionths as much as should be had. If the EaYch had its primitive
atmosphere, it would have the expected abundance of neon.

The present atmosphere of the Earth, we are therefore forced to conel ,Ide, has
been acquired in the same way as the water of the oceans, namely by the exhal-

INTERNAL
STRUCTURE OF

THE EARTH
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ing of gases in volcanic activity. Pursuit of these studies represents one of the
most interesting areas for further work in planetary science.

APPENDIX VI. PLANETOLOOY

Verl R. Wilmarth, Chief of Planetology, Office of Space Science and
Applications, National Aeronautics and Space Administration

Planetology is planetary geology. It is a science that date 1 from the early 1 7th
century when the words cosmology and geology were us e•' interchangeably to
refer to the study of the natural phenomena on and in tue Earth. The science
of planetology since then has broadened in scope and today is defined as the
study of the condensed material in the solar system, excluding the Sun. Thus,
it includes study of the planets (including Earth), the Moon, planetary satel-
lites, asteroids, comets and meteorites. It is concerned with the origin, composi-
tion, nature and distribution of matter within these solid objects and with the
forces that control them. The evolution of ancient life forms as well as large
scale climate variations are of interest to planetologists. In this respect, bio-
scientists and planetary physicists are co-workers -sith the planetologists. As-
tronomers provide the techniques for the planetologists to study the solid objects
of the solar system from the Earth. Today, primary interest is in the Earth as
a planet, the Moon, meteorites, the nearby terrestrial planets—Venus, and Mars,
as well as Mercury and Jupiter.

We would like to know more about the differences and similarities between
the Moon, the Earth and adjacent planets; does the Moon, like the Earth, have
internal structure? What is the nature and origin of the craters we know occur
on the Moon and Mars? Were they formed by meteorite impact, such as we
believe was the origin of Meteor Crater in Arizona? What are the composition
and distribution of the rocks? Are the rocks observed at close range by the
Surveyor spacecraft cameras, as old as 4.5 billion years, the age of the oldest
rocks on Earth? These and many more thought-provoking questions have faced
Earth scientists for decades; yet, for most, complete answers have not been
found, nor can they be found without exploring other bodies in the solar system.

With the Earth as a planet, let us consider the methods planetary geologists
use in their study of the Earth. Evidence is obtained by direct measurements or
observations, from secondary measurements by geophysical techniques, by lab-
oratory investigations on rocks and minerals, and by comparative investigations.
This last method provides us the means of gaining an understanding of the solid
body properties of the Moon and nearby planets.

Let us review what can be said about the Earth as a planet. Man's innate
curiosity has resulted in the accumulation of libraries of information on the
surface LDd near-surface features of the Earth. Yet our direct knowledge of
the interior and the processes that formed the Earth is meager. :flan has ob-
served directly to depths of less than 2 miles in mines and by means of drill
holes to less than 5 miles, or a very small fraction of the 4,000 miles to the
center of the Earth. Furthermore, man may never be able to make a hole deep
into the Earth's interior and must rely on indirect evidence for knowledge of
the internai characteriscies.

Geophysicists and seismologists study earthquake waves to learn about the
Earth's interior. In 1909, they determined that the bottom of the crust was
characterized by a sharp change in the velocity of the earthquake waves as they
traveled through the Earth. Since then, new data have shown that the Earth
i^ made up of a series of concentric shells (fig. 209). The major ones are the
crust, the mantle, and the core. The thin crust is underlain by the mantle, it
thick shell that extends downward about 1800 miles. The core beneath has a
radius of about 2,100 miles. The crust and upper part of the mantle are known
to vary markedly in physical and chemical properties. These concepts may
change as we increase our knowledge, just as we once assumed that the ocean
floors were largely featureless until depth soundings uncovered the Mid-Atlantic
Ridge and numerous other submarine mountains and trenches.

The crust is believed to average about 6 miles thief: under the ocean basins
and increases to as much as 35 miles under momitainous regions such as the
Sierra Nevada in California. Based on the present theories of mass distribution
and gravitational behavior, the Earth has an average density of 5.5 grams per
cubic centimeter; by direct measurement we know that its surface rocks average
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2.8 grains per cubic centimeter. Because of this difference, a large mass of heavy
niaterial must lie below. We infer from these and other data that the Earth has
a heavy central core. Figure 210 shows an estimate of the density distribution
within the Earth. The core has about the same density as iron.

I:nowledge of the distribution and composition of the rocks that make up the
crn.st has been derived largely from field geologic studies and laboratory analysis
of rocks of the continents and limited areas of the ocean basins. The crust is
believed to consist of an upper layer of granitic rocks and a lower layer of more
dense basaltic rocks. tinder the oceans, the crust is basalt, whereas granite rocks
fora ► the continents. The crustal rocks are largely made up of 8 major elements
of %N hich oxygen atoms make up more than 60 percent ( fig. 211). This suggests
that we are walking on a platforn ► which is predominantly oxygen.

Meteorites are the only extraterrestrial mat ,?rial we have for comparative
study with Earth data. They are a pace probes that record events that have
occurred during the past i billion years. They differ in mineralogy, texture, and
composition from terrestrial materials and reveal complex histories of space
erosion, breakup, and radiation. Some Meteorites have an average composition
sir ► ilar to that of the crust (see fig. 211) whereas others are principally nickel
and iron; still others the rich in carbonaceous Material. We can infer from these
data that the source of some Meteorites must be shiiihir in elemental composi-
tion to that of the Earth. The source of meteorites is not known although son ► e
are thought to come from the asteroid belt, and others from spent comets. Per-
haps the first lunar sample will help answer this question.

Our study of Meteorites has resulted in developn p ent of new analytical tech-
niques and instrumentation. These new methods will find direct application in
the analysis of the first lunar san ► ples returned to Earth. Jiany of these methods,
such as electron microprobe analysis. tire furthering our knowledge of the origin
and evolution of terrestrial materials.

Cartographic and geologic napping of the Earth are monumental tasks, which
have been underway for decades. Since World War II, photogran ► metric and
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photogeologic techniques have aided greatly in systematic mapping of the Earth.
However, to date ice have useful and reliable maps of less than 40 percent of
the land area and only a fraction of a percent for ocean areas. Excellent synop-
tic photographs from orbiting spacecraft are providing new and exciting means
for unraveling geologic problems of large areas of the Earth's surface. This
photograph of the Sinai Peninsula area (fig. 212) illustrates the value of these
photographs in Earth-bound investigations. From it, the regional relationship of
the sea areas (black in this view) to the regional fault pattern can be deter-
mined. These data aid in unraveling the geologic history of the area and the
nature of the crustal processes.

Orbiting cameras and other remote sensors, such as infrared and radar devices,
:ire extending our knowledge of the forces and processes that change the Earth.
They are contributing to Earth-Lased studies by other agencies and thereby to
the solution of such problems as the size 11111 shape of continents and of polar
ice caps, the movement of glaciers, and the occurrence and distribution of -.ol-
canoes and earthquake areas.

The Moon, some 240.000 miles away, has a diameter about half that of the
Earth's core, or about one fourth that of the Earth. Judging from the Moon's
calculated average density of 3.3 grains per cubic centimeter, we can hypothesize
that its composition is similar to that o f the Earth's crust or mantle. Recent
spacecraft data indicate the Moon's magretic field is eery small if, indeed, it
has a field. This suggests that, if iron is present, it must be dispersed rather than
concer-trated in it core like the Earth's. Infrared measurements give a laiar sur-



NASA AUTHORIZATION FOR FISCAL YEAR 1968	 505

THE COMMONER ELEMENTS IN THE EARTH'S CRUST
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face temperature range from 220° to 380° Kelvin which is somewhat broader
than that found on Earth. This is because the Earth's atmosphere serves ns an
insulator and moderates the variations.

The Moon has an extremely low atmospheric pressure. An equivalent ultra-
high vacuum of about 10'torr, has only recently been attained in the laboratory;
however studies are already underway to treasure the effects of this vac • ttum an
rock properties. In 1065, spacecraft landings demonstrated that the lunar surface
material was cohesive and could support spacecraft.

It has been theorized that the Moon's age is comparable to that of the Earth.
The .1ioor may, therefore, contain a record of the early sola r system events 01,11
have been erased from the Earth by erosional processes. The characteristics of
lunar rocks may provide clues to the origin and evolution of the Earth. and
might be correlated Nvith momitain building and other terrestrial events. Si11ce
the 17th century. increase in our knonv ledge of lunar surface features can be
seen by contrasting the drawings in figures 21:1 111(1 214. The former illus.
Irates Galileo's picti-re of the Moon, made in 1610• and the latter : ► recent photo
inw,aic compiled 1 ► the Air Force's Aerouautical Chart and Inforointion Center.

Lunar surface features are well preserved, suggesting that Prosional processes
like those nn the Earth have not been active. Geologic mapping of the Mom,
has shown that meteoritic impact was :u ► intlx►rtant process in forming Inrar
surface features. Without 1n atmosl ►here, meteors strike the surface at full
velocity, forming craters and surrounding adjacent areas with ejec •ta blankets
and rays. This map of the Keller region shows the large crater Kepler sur-
rounded by its two ejecta blankets, the older one chown in light tone and the
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3, ounger in dark gray (fig. 21:5). To answer questions concer11ing the n ► tury
of the crater niek-''annism, the size, veiocicy, etc., of the impacting ruissile, ,ucd
characteristics of the impacted surface material, laboratory studies using high
velocity guns have been carried out in conjunction with si11dy of 111,111-made
craters and rueteor critters on Earth. 'These investigations have provided clues to
the flux of meteors on the Dlooll. data on classification and origin of the lunar
craters, and an iuclicolion of the possible depth to solid rock below the surface.
From the study of the Lunar Orbiter photographs, it has been suggested that the
1lfoou is eover-ed by a layer of loose material, :1 feet thick in some localities.
Statistic;11 studies of the size. frequency (list ri')r ► tion and characteristics of lunar
craters suggest that the Moon has loiig been saturated by inipm-ting solid objects.

Shtdies of meteoritic inllcact craters on I?arlh and of features found in volcanic
areas provide the guidelines for interpreting lunar features. 7'lrough meteoritic
inllcact is presumed to he the domi11, ► nt formative process on the Boon, close-up
views; of the lu ► :.r surface by Lunar Orbiter suggest that volcanie activity has
occurred in some areas. This conclusion is supported by the 1964 reported sight-
ing, of gaseous emanations from the crater Ar:starchus.

Man's landing and analysis of ]tv1ar samplers returned to Earth will go far to
answer f1111d,uuent; ► 1 yuestIons concerning the origin of the Moon. Preparatory
for the analysis of lunar material, many new analytic techniques and instru.
menls have been developed in the course of investigation of Lueteorites and tek-
tites, the only extraterrestrial materials available. Ilec'ause of the necessity to
preserve as much as possible of the lunar material, microanalytical techniques

FIGURE 212
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such as the electron microprobe N%ere develolKvd and are being applied toda y iu
mirieralogiv acid rn v iallurgic •al studies of Earth materials. I ► etec•tion of :r fvw
harts per million of diagnostic elements in these materials is providing e • Iucs in
tine search for uew mineral swirces.

The need f++r lighter, compact, relial+le, awl ,sensitive scientific instruniewation
and mivance+l tec • hnitlnes for observation and aimlysis from spacecraft and on
tic lunar surface havi resulted in nvw designs anal miniaturized instruments "rich
its mass sliectrometers. gss chromatot;raphs, differential tbermal mi:ilyzers, clit'-
fravtometers, nlrectr •ometers, radiometers, radar transmitters and rece'ltcrs
gnivinteters. seisrn+ lit eters, and rnagii tosneters. Man y , if not :ill, of these will fled
:: l + l +li + ati++n to Enr• ti problems, including the search for new resources. As on
es:nnplc, the ^.nmll X-ray diff.racroinvier develolm4l for use on a Stirvvv(,i
spact-cr:tft to nuke mineralogic determinations oil Immi- surfa+r nplm-ars to I+c
more effective than r!ome much larger lahoratory Instruments currently in nse.

WHIlin the n e st decade, inaj++r w1valt+ •es ill our undr-r•standing of the Jloost
and its stature will forut a sound basis for increasing onr knowledge of thy+ Earth.
its history. ami future.
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APPENDIX N'I1. As -rltOXo\IY As A SPACE SCIENCE

]Henry .1. Smith, Deputy Director of Physics and Astronomy Progr:uos, Office (of
Space Science :lull Applications, itiatiunal Aeroi:antics and Space Administration

This review of NASA's astronomy program Nvill be oriented townrds the ob-
jects of astronomy (the hudics of ille solar system, the stars aml dur: t of our
galaxy, and the nnl •,• lerse of ;;:1laxies) ; these objects shall all be discussed ill
of the c►bser •,• ati , ills astrouolaers make ovcr the whole ran ge cif the rndintion
^'^':'= i'tllll, froill the extrellics (If rude) :i^4t1'(11111111y to sl.a('e ohs('rvat1-!F of \- ;11111
g:In ► nia rays. After d('fining NN-hat ;Istronomy is, and re. ,tnting its Nvi ll kuoN%n oh-
Je('tivvs, we shall exa111111e the I - vi ltive roles cif g l'111 1 1i(1-11"ised a l ld 611:1( • 1' nstro11111u.N.

observations. We shall :11"4) 1111te II:.' contriliiltiml of a Stl'oll p ill iraI ubsel - N Itloils
to other space Sciences. 'I'lien Nve will examine ill detail some receul ac-
coltiplishlllents ill astrollulllical rese'll -ch, ovi" p re collsiderilig the filtilre llnl^pvc'ts,
and the role [hat ,pace ohsc • 1 • vatious with Ill-ge telescopes aln-^t 1)1:"v in fnl•ther
progress towards nchin- ;n1; o a r obi cc•t ives.

To tw in this rvv if'w. it is imporlant to recall the lM(nli:lr senor' ill which
we use the terill ':Isttoi:olny" in NASA. An ast ronomy stmlvnl ill N onlci
norlllall}' use a texthook which treats astronou;y as a study. by :111}• means vvhatso.
ever, of r('111(1te :l ,^tn1llolllic ;ll hmlies. IlmvvN r. as[r1 1 11+ n ,v llas li(Y'll 1-VV hl1i01liZ(4l
by spacecraft which has given us the capahility of tudying 1• eluow asti•o1111mic:6
bodies by powerful ne«' ways of research. We caul 11(m. gli to the bn(lies of the
solar system, to retrieve samples, to Imike •in "011	 and ;'vell 10 n1 ;11:c
perturbatimis of those remote bodies and elivironuu'ats to study the re^, rllkillt ':'f-
fec•ts. Aecordivgly, we use the term astronomy ill as shown ill '- , 1V1 to
mean the study of extraterrestri:ll bodies by their radiations (i;aauml rays, X-
rays, ultraviolet light, visible li; r llt, infrare(l, :ill(] radio frequency vinissious),
using telescopes of one kind or :mother. Diverse orwanizational parts of NASA
;Ire c•once-rned Nvith the study of the Boon, of the planets, of the Eurlh'r: at
nlosphere, alm of the Sun and stars. We shall not emphasize all these applica-

THROUGH THE USE OF TELESCOPES

FiGuuv. 216
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tions o. astronomical observations in this review. However, much of what we say
would be directly transferable from one to another of these specialized subdis-
ciplines of what used to be simply astronomy.

Astronomy asks and seeks answers to basic questions which nearly all men
have asked themselves at one time or another:

What is man's place in the scale of things?
,s the Earth the solitary abode of life in the !,niverse?
What is the past history and future of the Earth?
What is the temporal relation of man's history to the age of the Earth'?
What is the age of the Sun? Of the solar system?
What is the age of other possible abodes of life'?

The objectives of the discipline of telescopic astronomy are to learn, by remote
observations, the structure and behavior, the origin, growth, and demise of all
types of celestial L:xlies, ranging from the smallest (meteorites, comets and
planets) to the largest, including stars, star systems, the matter in space, and
the entire cosmos.

Of course astronomy is not a young science, but rather one of the oldest
branches of human learning, dating back at least 10,000 years. Astronomy can
count great accomplishments to its credit. The great names of astronomy are
among the foremost discoverers in the whole course of human history, including
Kepler, Tycho, Copernicus, Newton, and Gauss in former centuries. The ques-
tions that were foremost amongst those astronomers and pursued until a few
decades ago have now been answered and today form part of the education of
every man:

What is theEarth? The Sun and the Moon? Planets? Comets? lieteors?	 i
F	 Is the Earth flat? Or round? How big?

What is the cause of day and night? Of the yearly variation of seasons?
Of eclipses of the Sun and the Moon?

What is a star?
What is the :Milky Way?

Now that we have the answers, we recogniz, how simple the questions were.
Yet securing these answers ranks among the great triumphs of human inquiry.

The current questions occupying 20th Century astronomy use a different ap-
proach than was possible in former ages. Today we use the laws of physics to
learn what we can of remote astronomical objects. These laws of physics are
derived partly from the study of astronomical objects themselves, partly from
the study of laboratory phenomena, and partly from theory. However, astronomy
has always been one of the chief frontiers of science.

By successfully attacking the major questions of astronomy, men have learned
many of the basic laws of nature. These triumphs of discovery have enabled
man to master his environment, and to appropriate and utilize the natural re-

fsources of this planet to create our present way of life. It is trivial to name a
few of the obvious examples—gravity and inertia, which Isaac Newton invented
to account for planetary motions; relatititil, Einstein's contribution to under-
standing of space and measurement a.; well as of cosmology: thcrinonuelcar
procc3scs, first appreciated as the way stars generate energy; and the complex
theories of radiation and spectroscopy. which rank among the most powerful
tools of industrial technology as well as of scientific research. In the future
astronomy promises to teach us as much of new basic physical laws as it has in
the past. It is both source and proof of these laws.

The astronomer today seeks to learn and understand the motions, sizes and
compositions of stars: their ages, their structure, and their evolution. He seeks
to know the nature and behavior of the stuff between the stars and its relation
to the stars. Foremost in our search is to learn more of the processes in the
universe, emphasizing the changes in the matter and the states of the stars. In
particular, we try to deduce the evolution of individual objects. and even the
evolution of the chemical elements, to understand how the average composition 	 }
of stars and of interstellar matter has varied with the progressive aging of the
eosinos. The whole history of the universe is a separate area of inquiry, for only
by astronomical observations are we able to get the basic data with which to
inquire into the curvature of space, or the expansion of the universe as predicted
by the general theories of relativity. Since Einstein's revolutionary first papers,
additional theories of relativistic cosmologies have been formulated. The old and
the new theories all seek M provide answers to the fundamental philo.:ophical
questions: rF; the universe infinitely large? Is it infinitely -old? Is it eternal?
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Telescopic observations of the most remote objects known to man provide
one approach to answering these questions. As our space technology matures, we
hope to provide additional independent informationon cosmological phenomena,
for example by testing the theory of relativity with high precision atomic clocks
and gyroscopes orbiting in space. Because starlight takes so long to reach us
from very remote bodies, observations of then ► actually give a picture of the
universe in the past, i.e., when the rays of light left their source.

Let us now look at the rationale for doing astronomy from the ground, in
an age when one can do astronomical observations from spacecraft. It must be
clear fron. the generic questions that one asks in astronomical research that a
great many diCerent kinds of observations are needed to achieve the broad
objectives. Furthermore, astronomers need long-term observations to inquire
into the variabi'.it y of individual objects like the Sun or variable stars, and to
integrate the signals from very faint objects. To observe the very faintest stars
even with a 200-inch telescope, the astronomer literally has to wait for the
photons to come, one by one, into his photocell. In addition, the astronomer uses
a wide variety of techniques of observation requiring specialized telescopes for
each technique, and in each narrow wavelength range of the spectrum. The
spectrum extends from radio frequencies (with wavelengths measured in hun-
dreds of miles), through the infrared (with wavelengths measured in small
fractions of an inch), through visible light, down to the ultraviolet and X-rays
(where wavelengths are of the order of atomic dimensions). This vast range of
wavelength (or photon energy) requires a hierarchy of specialized telescopes
to collect the light and form the images. All of these techniques must be com-
bined in the pursuit of questions of the structure and behavior of individual
astronomical objects. Radio point sources provide a splendid example of objects
which were discovered as anomalously bright sources of long wavelength radia-
tion. Half a decade passed b efore sure identification of these sources could be
made with astronomical objects more familiar in visible light.

These objects turned out to be galaxies in peculiar states of evolution or
structure, and peculiar nearby stars such as old novae (i.e., the remnants of
exploding stars) . Generally speaking, space observations complement, but do
not replace, ground-based astronomy. In the same sense, no single wavelength
domain of ground-based astronomy is in itself sufficient nor could it replace all
the other wavelength regions that are used by the inquiring astronomer.

What, then, is the rationale for space astronomy? Figure 217, which shows
the transparency of the atmosphere to the radiation spectrum, reminds us that
only above the Earth's atmospheric envelope do many important regions of
the spectrum become accessible, providing unobstructed and uncontaminated
views of radio frequency and infrared spectra, and opening up for the first time
the ultraviolet, 1-ray, and gamma ray regions of the spectrum. On Figure 218
is a comparison of the Naval Research Laboratory's sounding rocket picture
of the Sun's corona and zodiacal light with the best equivalent ground observa-
tions ever obtained between total eclipses. The rocket picture reveals very faint
corona far from the Sun, whereas the terrestrial telescope is limited to recording
only the brightest, close-in coronal regions. This example illustrates how, in
the absence of the Earth's scattering atmosphere, it is possible to see objects as
much as 10 million fimes fainter than the Sun, permitting the direct observa-
tion of vastly fainter celestial objects. Figure 219 reminds us that the sciutii-
lation and turbulence of the Earth's atmosphere limit observations of higher
angular resolution to that corresponding to the ultimate performance of a rela-
tively small telescope, about 12 inches in aperture. Thus, by placing larger tele-
scopes above the Earth's atmosphere, it is possible to see smaller Structures;
that is, to achieve higher angular resolution.

Most of the motivation for observing; celestial objects from spacecraft arises.
however, from the opportunity to observe them at the extremes of the very long
and the very short spectral wavelengths. As figure 217 shows, the peak intensity
and the great majority of the Sun's radiant energy falls in the easily accessible
mid-range of the spectrum. At the frontiers of research, however, we are con-
cerned with the anomalously stron;; and fluctuating radiation at the extremes of
the spectrum. Ii, these extreme wavelengths we see, almost uncontaminated by
simple thermal radiation, those emissions that we generally characterize as aris-
ing from non-thermal processes. These processes relate to phenomena such as
the generation of radiation by the repeated mirror reflection of particles moving
in a magnetic field; or the production of X-rays by pulses of fast electrons mov-
ing in rapidly changing magnetic fields. Most of the astronomical phenomena
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oLserved in risible light can be pretty NN ell accounted for by first order theories,
assuming matter nearly ill ideal equilibrium conditions. However, null-e{ttli-
libritlln processes discovered in the last two decades, and especially ill the last
decade of active space astronomy, are believed to be dominant, or at least of
equal importance ill universe. The existence of solar X-rays, which was never
predicted but only deduced from direct and indirect observations, was :t quite
surprising discovery and theorists are still hard-pressed to explain their origin.
The peculiar processes taking place in the Still (eve call them noel-thermal proc-
esses) are interesting because they reveal otherwise unobservable aspects of
celestial objects; for example, gamma rays arising ill thermonuclear reactions
involving the transmutation of elements. At the other end of the spectrum, radio
waves arise from the interaction of very low density streams of extremely hot
matter with very weak and extended magnetic fields. The extreme case is the
interaction of magnetic fields associated with the structure -f the galaxy, the
spiral arms, and the highly accelerated charged particles, the galactic cosmic
rays. Thus, space astronollly provides us direct observational evidence and vital
information on both the smallest and the largest kale phenomena ill Ili( , upiverse.
together %with their interactions Nvith each other and with the stars auld platter
ill the Illore familiar near-, ,quilibrinnl states.

AstronoIlly ill the Space progI'alll bears all essential relationship to other space
sciences. In the pre-Sputnik era, remote telescopic observation from the surface
of the Earth was the only way to study the Moon. the other planets, the Sun.
:md the interplanetary plasma. However, space flight has now given us the tech-
niques of direct measurement of these astronomical objects. Astronomy is a
w-lrthy :md a worthwhile hilnuul endeavor, because an essential part of the stildy
of lnau, is his relationship to his environment ; and as we know. the Sun controls
loan's environment.

Figure `LO synlholizes the Su p ' s dominance of the solar system. Thus, the
Snu's telnperattlre and radiative characteristic s, : lre si:: p iticant ill determillil;t
the conditions of tempvrahu •e and the state and chemistry of the Earth's envelope
and atmosphere. If the Still were different, the Farth itself \%ottld be eery dif or-
ernt, and very likely an unsuitable abode for life as we know it or life would
have evolved differently. Solar protons. which oct-upy our attention as an im-
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FIGURE 220

mediate problem for astronauts to reckon with inspace and on the 'Moon, in the
course of astronomical time must have produced a significant genetic influence
on life on the surface of the Earth. One theory of the ice ages relates them to
solar activity. The whole history of the Earth's habitability for life as we know
it is dependent upon the course and rate of solar evolution. The 11-year solar
cycle produces major changes in the near-space environment, not only that of the
Earth but that of other planets.

The Sun, however. is a typical star. Thus, Nve can study the Sun equally Nvell
by examining other typical stars, either of different ages, or of similar age but
different masses, or different compositions, or different structures. Likewis(..
we cau learn abuut :other .tars from the unique close-up %N 101-- (observations of
the Sun permit. Figure 221 illustrates two examples of such unique knowledge—
the turbulent motions in the Sun's chromosphere, and the beautiful, well-ordered
prominences in its corona. Most important of all, the violent activity associated
with sunspots, solar flares, and Solar magnetism is probably commonplace among
the stars.

Figure 22'', a sort of catalog of the kinds of objects Makin;; up the universe.
reminds us of the scope of astronomical research. These range from the nearest
i the solar system) to th y• f;trtliest t the galaxies), from the youn-est (the Crab
\01111.1, mot a thousa11d old) to the oldest (the Andronu •da Nebula, dating
from at least 10 billion years ago).

The partic •ulor questi ons of astronomy on \vIiich most current research effort
is expended, vary according to the nature of the object. Looldng at the planets
( 11p:. 223), we seek to learn all we can about the nature of their surfaces, their
atmospheres. lneteorologic.il ilroeesses in their atmospheres, :1md their natnr:il
s;itellite families. Relnemlber. for the outer planets, telescopes will, for a Ion,-
t ime to come, be our only tv:1y to st udy them. F or Il ► e o gler bodies of the solar
system, also sho^^'n iii tiwire 223, telestolrr uhser^ ; p ions will provide the prin
cipal knowledge we c In hope to obtain of their m; p ure. ;u1d boloefully of their
relation to the history of the solar system.
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FIGURE 221

FIGURE 222
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For individual darn, we want to know the structures of their atmospheres,
which we characterize in terms of their temperature and density profiles, their
chemical composition, and, if we can, the activity and magnetic fields that occur
in them, the counterparts of solar activity. 'Most important perhaps, «•e want to
learn whether they have planetary systems like the Sun's. At the top of figure
224 is an example of observations from space of the ultraviolet slWtrumu of it
familiar star, Sirius, typifying the space data required for stellar astrophysics.
The numerous faint dark lines channeling the spectrum, here photographed in
finer detail than ever before, are the tracers of metals and light elements in the
denser, botter regions of the star's envelope. The lower picture is a sounding
rocket spectrogram, in the ultraviolet, of the belt stars of Orion. Only in this
region of the spectrum is it possible to detect the absorption lines of carbon
atoms streaming outwards from these hot, young stars.

By studying many stars to acquire data for what is basically a problem in
theoretical astrophysics, we can conjecture on the evolution of a typical star.
Such studies immediately raise questions about the evolution of a star out of the
primordial interstellar gas and dust. The history of a star is largely one of
changing energy generation mechanisms coupled Nvith gradual changes of prop-
erties such its the central condensation and total radius of the star. The ulti-
mate demise of it star is something we have never witnessed, but we suspect
that it occurs in a series of one or more cataclysmic steps, including the ex-
plosive expulsion of its envelope (the Nova process). Stars probably go through
cyvles of birth and death, receiving material from the interstellar na dium, chang-
ing their composition of light elements to heavy elements by nuclear fusion, and
then returning this altered matter back to the siwce between stars.

Some stars produce radio bursts and have flares similar in character to solar
flares but very much larger in magnitude. The cataclysms of the Nova mentioned
above are surpassed in magnitude by the Supernova, whose debris gets scattered
far into space. The remnants continue to produce strong radio signals, and in at
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least one case, strong X-ray emission observed by satellites and rockets. Figure
'J125 illustrates one of the most powerful radio stars. which is only flintly re-
corded by a gromid-leased telescope in risible light. The point of tills !hart is
just that one of the loudest radio sources in the sky is to the ground astronomer
only a faint smllidge, Which can scarcely be seen on the photograph.

Tiigether with the many fascinating questions about individual stars. there
is all array of mysteries relating t(1 the assoclatiom if sta y s Alto sta y systellls.
Our ,, fill leas a solar satellite system of planets imd cmnets unique ill experi-
ence but probably, Nre conjecture, a c •om min enough phenonu e mon. A ilercentage
of the stars are double or multiple. lead ill the gal;lxy there are tbous:lnds of
Mill' (-histers. These are families (if still's 111 imitual graviiat1(( ml ass(oclatimi.
murlfhering hundreds, thousands, or tells of Ihmisalids. The gal:lxy itself li ps al

the olhel• end of the specti-lim of galactic stellar systems. It is ;I sJiir;ll. like
that shown ill figure 222 • :Imd is to be contrasted with the mumlerolls elliJitical
:Ind irreglllal . galaxies which hirge telescopes have 1 —v e;lled to us.

.1I1lc11 is to he learned by pursuing inquiries illto the pr((pertif's of 111;I1[ter :lull
radiatimi 111 interstellar space. The ob vious questimi s ('(,,kern the c(Ullll:(siti((II
null state of the Illediunl, and the relation of the gas :lad (Ios , beh%voll st:u•s
t(( stars and sta y systetlls. 1 1 01:llJz,ili((Il llleaslll•('illelits (lf X1;11- light givv its cille-4

Ili the imigneti%a1i((11 of the lmediulu, N\llile the cosmic radiation tnnst be till-
result of :Ind he controlled b y this magnetization. The cold la;ltter helween Ibe
sta ys Ill'udllc'es 1'adi(( froollle ncy e missi(m. An important (plestl((11 o f tel:' Jill \sics
of the imiverse is limy e'llet'gy is distrillille d between the sta y s .11id sta y S1•stellls
on the one hued, and the eery cold plasma :111d the dust ' 111(1 gas hetween the
stills on the other Laud. The dvimmics of clouds of imterstell:Ir multerial il!ter-
acting with themselves or with stars. :end the radiatioll fields from, stars. is :Ill

important area of astroph ysics. Figure :26, which shoe's the great Orion
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Nebula, illustrates 111ally of these p(-ints—the ill(inlinat ion of Hie tit" . by the
stars, the emergence of yotulg stars from the pl:lsula, a11d the 11,orod}nanlil-
shock waves at c • rit ical interfaces.

We already referred to the Nvay (11elrli( • n1 elenler► ts are change(\ t ' ruul our
slate to :IUUther ill the il ► teliors o1 sl.lrs, ;lull thin r0111-lll'(I to th( • interstellar
nrcdiuul for :t second or even a third 1111:1se of the histor}' of the universe. The
blasts of material front novae are probmbl%' one i111p(1rl:ult \\'ay 111 :11 11niteri:ll
is returned t (1 the uledilull. The Illlderstalldillg of the 110xiug 4)fthe old milt the
ue\V types of stal . s, called stell:u • Impillations, call lie cited ms one of the triu11lphs
of aslronollo. ill the 19--111 decade. Radio :lslrouonlers in the last 11 1 N'e:ll • s 1:1ve
(liscovere(l, by- direct (lb.wrv;lti(ru of the gas itself, a circulatioll of thl' (  111
plasma through and then back into the Milk' W iy s^'steln.

The physics of the uui\-erse, the general discipline (it* rel:Ilivistic cosmologies,
has 11 en developed largely by studies of the recession of remote galaxies. Ilo\\--
e\-er, we h:IVe s11cevedecl ill lualcing direct uhservatinns of the residua! micro-
wave ro(liatioll associated with till' initial explosion of till' 111li\ersl'. `114 . 11 ( i :Ita
provide till' 11141st illlllorta'.It. :111(1 111111x11,'l a)-vs the ('111 *N', 	I111( 0 1'111atioll (11, till,

must ultiulate questions: Whell (lilt the uni\el•sc begill What is ils history':
and What prospects (toes it have 't

The discovery of those rezmlrhable astrouonlic •al lx)(lies, the "quasi-stellar oh-
jec , ts, , ' is a good exaulple of hmv f,Ist this scil'uce is deVl'lopil ► g. At th" s:rllle
time the ellisocie vividly renliuds its th:lt exc:lillg ne\\ things, of trenlc:ldllns
ililport fat• the general goal: of :lsh • olloniy, :Ire still being disc • o\• el• ed.:11111 iu(lee(1
at a faster rate today than ever befnl•e.

In their (!hest to identif y- radio stars with faillilinr objects ill 11e \ isibll'
specti• ..1 region, astt • ()11eTIlers v, - u v baffled by :1 class ( 1 f strllllg radio s1. 111 - 'es \011('11

did not appear to be either peculiar g:tlaxies or sltpe1'nu\':t rcuuulnts. Alout
three ,rears ago, however, it \vas discovered that number of these radio noise
center; could be identitie(i as Very peculiar blue star-like objects. 'Their speed:,
sho\\ed exceedingly large red shifts, c • orrespondiug to notions :1\\ay frunl rls mt

speeds of the order of one-fifth to one-third the velocity of light. Since the
initial discovery of these quasi-steller radio sources, astronoruers have compile(\
:I list of about 65 for which reloc • ily measurements have been made. It \\;I,
immediately recognized that leant• faint 111„e ohjeets ill the sky may he shuilmr
high-velocity interlopers, but not radio sources. The ratio between ra(li((- (poet
and radio-emissive ohjeets n1: ► y be as high us 1011 to I.

Alillost certainly the large red shifts means that the objects are receding fro111
us very fast. If \\•e apple IIubble's Law (the fundamental law of the exliandiug
universe, which relates distance to recessional Velocity), one c:u1 conclude that
these objects are very remote, ails' correspondir► gly Ver,• bright. III fact, the,,
would be some 40 times brighter than the largest galaxy hmm-u. A stillwildmis
energy budget \mulct be necessary to keep such objects shilling cuutinuously for
ally extended per iod of time. An alternative theory NA-uld 1^lace the q insi-stell:;r
objects closer to us, and about 10.000 tiules smaller, still so !arge and so bright
they stagger the imagination. To compound the probleul. several of th,se objects
Vary irregularly ill their brightness, over tin g es of the (Order of :1 few weeks.
This datum sets an tipper liluit on the size of quasars, since they cannot he so
large that a light ray tales ulor(• than about a i orinth to traverse front one sidl'
Ill another. Thus, we discovered the brightest :Ind most remote 	 ill

universe only three years ago. The y present ponderous difficulties ill illterprct:!-
tion, and it is fair to say we have nut began to understand \\ • hat they are or bo\V
they operate.

I4et us look at some of the highlights of space astrononl}'. 'rhe t\co examples
chosen concern observations of \-ra y's, first froin the Sim, second fr• ofn cosulic
sources. We it enti(liled earlier that the simple near-equilibrium thcorie^ of
celestial bodies do not predict any notable X-ray eulissiorl. lImvever, even 25
years ago, fadeouts of radio signals correlated \\-ilh  sol:u flares, illdicatillg saille
ionizing radiation \vas emitted by the Smi during those energetic events.'1'11euries
predicted that either ultraviolet or X-rays would be the cause. It was 411411' Ill
the post-war era that sounding rockets ill the hands of Na\':11 Kesearch Labor;(
tort' (NRi,I scientists denlollstlated conclusively that it \\as X-rays Ilmt c:Ins-1
this shortwave fadeout. As our space technology iulpi-m-ed, the clrbitiug Solar
01l,,v • \-:Itot•y provided high resolution spectra of solar X-rn

'
mid euallled us to

Ineasure the low- rate of X-ray emission during quiet solar conditions as well as
during t he occnrr, ,nce of events like flares. \\ • hen the Sun's X-ray brightness
rose by order 's of magnitude.
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At the present time we are able to make direct photographs of the Sun with
X-ray telescopes, such as illustrated in figure 227. This very low resolution
rocket X-ray solar photograph is it foretaste of the fascinating new kinds of
information we expect to receive al ► ont solar activity when the Apollo Telescope
Mount X-ray telescopes are put into operation a few years hence.

Discovery of the emission of X-rays by cosmic sources is another one of the
great accomplishments of space astronomy. The discovcry of cosntiv X-rays
occurred during it rocket flight conducted in 1962. The tint flight indi-
cated sources in the coast ellatIons Scorpio, Cygnus, and 'Taurus. These were
soon cGnfirmed by Wher s- dentists working independently. NIM scientists took
advantage of an exceedingl y- rare event, the occultation (i.e., the eclipse) of the
Taurus source (seen in fig. 228, its photographed with the 200-inch telescope) by
the Moon, to shoe that the X-ray emission was not from it point source, mW
accordingly could not he from a neutron star tit superhot, superdense type of
star postulated to explain comifle 1-ray emission). Numerous sounding rockets
have 11own since the first discovery four ,years ago, to provide fairly detailed
information on the list _ ►f more than 20 known sources as shown in figure 229.
We know now that these sources lie near the Milky Way, and so are probably
not nearby objects. At least two types of sources exist, including radio galaxies
i like the Cygnus radio source, and the peculiar external galaxy, .187) ; it
type are old novae, like the Taurus (Crab Nebula), and the Scorpio source. The
very precise idemitication of the Scorpio X-ray source was made possible by
high resolution, position determinations with it sounding rocket. This determina-

THE SUN
PHOTOGRAPHED IN X-RAYS, 27-40 A

NASA 5G 67-124:'
12-13-oc

FIGURE 227



NASA AUTHORIZATION FOR FISCAL YEAR 1968	 52
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tion permitted an optical search fnr peculiar objects in the vicin"y with J;'.ound-
based risible light telescopes, and the very fi rm identification of the object. It
was a eery faint star. which raises the question: Why is it 1.000 tinier brighter
in X-rays than in visible ligh-0 We know of many Bach old novae, but the ex-
treme difference between the X-ray and visible brightnesses of this object is
unique.

Discoveries of cosmic X-rays have provoked numerous theories to account for
their origin; -lamely, involving the interaction of fast electrons with electric
or magnetic Meld . No single wechanisin teems to account for all the observa-
tic-is. These questions are .ill at the frontiers of research and any answers we
night indicate are very likely to be overthrown by observations in the near
future.

Let as take a concluding look at space astronomy of the future. Because
astronomers are primarily dealing with faint objects and want more and more
high resolution observations, it is important that we attain large aperture tele-
scopes, -,inil)ly for brute force collection of more light from faint stars. The
more refined theories we can apply require more refined energy resolution: that
is, higher wavelength discrimination. This implies larger spectrographs, which
in turn require smaller images, hence, higher telescope resolution and greater
pointing accuracy. The large apertures associated with large collecting areas
will simultaneously permit us to see sma l ler objects, down to the limit of the
wavelength of light.

The history of progress in astronomy has always been marked by mileposts
of improved techniques of observation. Each major advancement in the power
of astronomers' tools has resulted in new discoveries, then has revolutionized
our understanding of nature.

Figure 230 demonstrates, using the Andromeda Nebula as an example. what
a series of radio telescopes would see at the indicated resolving power lin ► its.
One pan identify a bright object at one-half degree: its spiral structure and
differentiation become visible at one are minute: and with one are second, one

% DEGREE

TELESCOPE RESOLUTION

FIGURE 230
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can study individual stars, -Atar clusters, gas and dust clouds of the system.
Exactly the same hierarchy of understanding would be true in 1-ray astronomy,
or as applied to (lie Sun or planets, and in visible light. Ilarlow Shapley, who
taught so many American astronomers, recently recalled how, 50 years ago, he am!
his colleagues on Mt. Wilson thought Galileo's one-inch and Bale's sixty-inch
telescope were the two most important telescopes. The former discovered Jupi-
ter's moons, Venus' phases, and res(6-e t the 31ilky Way into stars. The 60-iw h,
taking advantage of the power of photography to accumulate light from faint
objeets, revealed the true size and nature of the Milky Way system as a spiral

the nature of ;;alaxies as "islan(l universes," and indeed the true size
of the universe. Today we would add the 200-inch telescope to this list, coupled
with large radio telescopes. In the past two 0 -^cades these treat instrunients
have revealed exploding galaxies, the nature of radio stars, including the quasi-
stellar radin sources, and have given va luable insight into the history of the
universe.

Already space astranamy has revealed that this current extension of telescope
power into previously forbidden spectral regions will again bring new knowl-
edge and raise furtlier questions.

To create and utilize large telescopes of the magnitude considered (up to
10 feet in diameter) an astronaut almost surely will be necessary to achieve
desired flexibilit; , and reliability. For the present. of course. we shall pursue
vigorousl y the Orbiting Astronomical Observatory teebt.ique of fully autcuuated
remote control telescopes of intermediate aperture. The next generation of space
telescope, which we call Manned Orbital Telescope (MOT) (fig. 231), always
conjures up first a very large aperture visible, ultraviolet. and infrared light
reflector. But in addition, a space observatory will include radio telescopes, a
variety of specialized telescopes for solar observations, and for cosmic 1-ray
and gamma ray studies.

The motivation for a vigorous program in astronomy is clear: the obje.•tives
of basic knowledge which have inspired astronomical inquiry from earliest times

FIGURE 231
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continue to be valid reasons for studying, the objects of space. The basic question
before us is at what level of effort and at what race should the astronomy
program pursue these objectives.

We believe astronomical research will prove to be a worthwhile and appeal-
ing way to utilize Saturn/Apollo hardware, and beyond that as part of the use
of a future space station.

APPENDIX VIII. SPACE RESEARCH AND PROGRESS IN BIOLOGICAL SCIENCE

Orr E. Reynolds, Director, Biescience Programs, Office of Space Science and
Applications, National Aeronautics and Space Administration

Virtually everywhere on Earth we look for life, we find it . . . from the
tropical rain forests (fig. 232) to the barrens and ice caps of the polar areas
( fig. 233) o nd from mountain slopes ( fig. 234) to the abyssal depths of the
oceans (fig. 235). In even more severe areas of mountain peaks (fig. 236) and
the dryest de^--erts (fig' 237 and fig. 238), we find a wide variety of organisms
but they are simple forms, mostly micro-organisms (fig. 239). Figure 240 shows
a Tardigrade, or moss aninlal, a rather highly advanced allilnal in the phylo-
genetic scale which can be deh ydrated, shriveled up to almost crystalline appear-
ance, and when provided with water can begin to crawl around again, and to
reproduce itself.

Recently a natural "experiment" occurred which demonstrates one of the
general traits of living organisms, that is that they will invade and rapidly popti-
late any environment accessible to them. Figure 241 is a photograph of the vol-
canic island, Surtsey, which has been in the process of forming off the coast of
Iceland for the past two or three years. This island has already been succes-
sively populated by organisms, the population being killed off every few months
by an eruption, but new organisms establishing themselves each time either
drifting there in the ocean currents or carried there by birds.

TROPICAL

TREE

FROG

NASA SB 67-1001

12-1?-66

FIGURE 232



BRISTLECONE
PINE

NASA AUTHORIZATION FOR FISCAL YEAR 1968	 525

PENGUINS - ANTARCTIC

FIGURE 233

Fiaum 234



HATCHET FISH

NASA AUTHORIZATION FOR FISCAL YEAR 1968

FIGURE 237

NASA S3 67-1002
11-13-66

FIGURE 236



NASA AUTHORIZATION FOR FISCAL YEAR 1968 	 )Z%

DEATH VALLEY
PW	 i f

Frcu RE 23T

SEDIMENTARY
STRATA

NASA 5667-1097

Flaunt: 23S



523	 NASA AUTHORIZATION FOR FISCAL YEAR 1968

FIGURE 239
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VOLCANIC ISLAND-SURTSEY

FiGuin ., 241

Looking at life cut a dimension of time rather than of geograph y-. NA-e find :i
spectacular series of organisms have populated the Earth, some of Ownt t-xtinc•t
(fig. 242). and some (fig. 243) of quite recent origin. Some of the existing
forms, however, have been in existence on the Earth for a long time-. The l.itim-
lus (tit;. 244) or horses him , crab is familiar to mans of its along th- Atlaidic
Coast. As you call see, lie is a ver y close relative to the Trilohite, which Av.1,
the dominant animal on the Earth about 500 million years ago, roulaining donii-
uant for a bout 10x1 million }ears. Figure 245 shows Me serpent starfish. a
nu ► deiit lining organisin, and you can see that it is practically identical ^Nith the
400 million year old fossil sho"'n in the same figure. The serpent starfish is the
predominant ni icroorganisni in the very deep trenelies of the ocean b( Atoni tod:i'y.
We call find evidence of life even further back in the histor y- of ()tit- planet. 'There
is a sedinientary deposit in the Sudan. Africa. called the Fig 'free Chert.
("Chert." identities the type of reek, and "fig tree" the sha_pc of the fornuitimi.I
I`igure 246 is :I section of the cliff face ill the collection Nvas shade. aricl
from which a piece of the rock was removed (fig. 247). This nnilerial is coai-
puted to he 3.1 hilliou , •ears o'd. Barghoorn, one of our grantees at Ilarvard.
isolated the fossil bacteria (fig. 244) from the rock. It apl ►cars that these
organisms were living there 3.1 billion years ago, more thu g three-fifths of the
age of the E:irtIt.

Ali even more hoereslin_ fossil, also discovered by i irghoorn. appears iti
fig,ire 249 anal is oniv 2.7 I illi(n •i-ears old. VNien Ih-. Barghoorn pul4ished this
IIichire, scicnlist. Sanford Si gel. \\ )rhing on a NASA contract it iTnion
Carbide. thiinght he reco;.nized it. ile went hack through the cultures that he laid
been running to determine the t}pe of strange environments in whieh h;arih
organisms liA'e stud fonud ;tit example of what is :ipparentIv the sa iii. creatllrf'.
shown on the right of tigrire 24 1 1. This organism is interesting because it was (-ul-
tured froiu the soil arMin:t the Nvall of llarlec •h Castle ill and will gr,)w
only in an ;itnhosphcre containing about 30-50% animonia. The hitch content of
ammonia in the soil around .MIT-lech Castle walls is occasioned by the fact that
for hundreds of tears the castle garrisoned troops \vhich used the Castle Avall as
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a urinal. In recent sears it has been similarly well supplied by the children of
the tourists. This is interesting because ammonia is thought to have been one of
the components of the primith a atmosphere of the Earth. It is interesting to
speculate that these Illicrobes develo>>ed when the Earth was in a quite primititie
state.

There are evidences of life more fundamental than bone skeletons, such as
chemical "skeletons" of organic molecules. It happens that the type of molecule
shown in figure 250 we know only in rather advanced lining forms. This rather
complex carton chain, called a "Yterane" is found in various forms in living
things substituted with various functional groups. Once such derivative is a
"steroid" such as keto steroids used in our attempts to cure arthritis; another is
a "sterol" (cholesterol) wi*li which we are all familiar and Nvhicli we hear about
if only at the time of our annual physical.

It appears from the foregoing, that even in this very ancient time, at about
of the age of the Earth, complex living forms were present. The significance

of tb q t fact to our concern with the origin of life here and elsewhere is the point
ghat, if life (lid originate so ver.- early in the history of this planet, its origin
must have been a more probable event than if it had occurred later. If life is
unique to this planet and does not exist anywhere else in our universe, then the
probability of its occurrence is something like one in one hundred billion billion
(the number of "solar systems" in the visible universe), an almost unthinkably
low probability. If, on the other hand, life is encountered on some other planet
in our solar system, it would appear to be a very probable event, and must have
occurred many, many times in the history of our universe. As Pittendrigh has
said, .c is this question which makes the search for life outside the Earth so
fascinating. It amounts to no less than the fundamental question of "man's place
in nature."

Now we come immediately to the present status of "theoretical biolog y" (fig.
251). The theory of organic evolution was developed primarily by Darwin and
I colleagues. about the middle of the 19th century lifter they had seen all
of such creatures as you saw in the first few figures of this text. Evolution as
described by Darwin is simply the method by which life is able to adapt to en-
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THEORIES IN BIOLOGY
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FIGURE 251

vironment over the long term. The principle of homcostasis is a physiological
principle, the fornnulation of which was developed about the same time. It is the
basis on which your breathing rate increases if you go to a high altitude, and the
pupil of your eye contracts when you are faced with a strong light—it is the
short-term adaptation that animals and plants demonstrate. Both of these types
of adaptation are made possible by the genetic mechanisms, which I think oi as
the mechanism by which living things generate and preserve useful character-
istics.

The main accomplishment which has been made in biology since the middle of
the 19th century is the attainment of knowledge of how such a mechanism
operates at the molecular level. The picture in figure 252 (recently in Life 31aga-
zine) is of a very complex structure, deoxyribonucleic acid (DNA) the code
carrier by which genetic characteristics are preserved after they are generated ty
random "accidents" in the formation and location of atoms in this molecule.
Now when I say "random accidents," remember that the number oL accidents
must be extremely small or there would not be the persistent stability in '.iving
things that does exist. The reason for such stability is the fact that the architec-
tural precision of these molecules is very high, requiring a precise chemical con-
figuration and arrangement of atoms. Figure 253 illustrates one clue that we have
as to the way this precision is generated.

A young chemist named Louis Pasteur in the 1800's received his Ph.D. degree
for work done on the substance $odium ammonium tartrate. He discovered that
this substance has the property of forming two different types of crystals which
-ire mirror images of each other, as shown in figure '.:. ►-1. This property shows up
better in stereoptical photography, but one can see that the crystal in the tipper
:eft is an exact mirror image of the crystal in the lower right, and so on. That
this property of the crystals is a propert. of their constituent molecules is shown
by the fact that the molecules, when in solution, have the property of rotating
polarized light to Qither the right or left direction -lepending on which configura-
tion was used. Living things somehow have the propert y- of selecting and unatuuu-
facturing only one of these optical i::onuers in each case. We humans, for example,
use the sugar glucose, that rotates light to the right, and the amino acids that
rotate it to the left. Tnis phenomenon is the basis for at least a part of the precise
architecture of our chemistry.

The chemical composition of living things itself is very interesting. Figure 255
is a chart of cosmic abundance.

AL
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OPTICALLY ACTIVE CRYSTALS

Crystal K is 32 mm. long, and weighs 14 . 3 grammes.
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d-tartrate.
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RELATIVE ABUNDANCE OF ELEMENTS
EARTH	 LIFE

ATMOSPHERE
ELEMENI	 COSMOS	 HYDROSPHERE	 CRUST	 PLANT 06)	 ANIMAL 10k1

HYDROGEN 1,000.0
77-7 0.03 10.0 10.0

HELIUM 140.0

OXYGEN 0.6` 9.97? 0.623 79.0 65.0

CARBON 0.300 0.0001 0.0005 3.0 18.0

NEON 0.20

N I TROGEN 0.091 0.003 0.2a 3.0

MAGNESIUM 0.029 0. W 0.0^ 0.05

SILICON 0.017 0.211 0.12

IRON 0.009 0.619 0.02 0.604

ARGON 0.004

SULFUR 0.003 0.000r, 0.01 0.25

ALUMINUM 0.0019 0.064

CALCIUM 0.0017 0.019 0.12 2.0

SODIUM 0.0017 0.6008 0.026 0.03 0. 15

NICKEL 0.0005

PHOSPHOROUS 0.0003 0. C5 1.0

PO [A SS i U A 0.6000 0.32 0. 35

OTHERS 0.00015 0.011 0.020 1	 0.04 0.156
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Of the sit most abundant elements, four are the primary constituents of living
organism, hydrogen, oxygen, carbon and nitrogen. Helium and neon are not
involved in living forms but they are the so-called "Noble gases" that do not
participate in normal chemical reactions, so they are more or less eliminated.
These same four elements that make up living material were predominant in the
primitive atmosphere of the Earth.

The laboratory apparatus shown in figure `'ill has helped to demonstrate that
nicest of the fundsu ►iental building blocks shown in figure 253, and which form
the large molecules oil our metabolism genetics and energy excha-nge
are based are generated under abiogenic condition.::. Unfortunately, under the
abiogenic conditions both mirror images of each molecula are synthesized so that
this material cannot give rise to life. The precision required in the structure of
the molecule does not allow for such "randomness" of its constituent components.
The process itself of evolution from a drop of the "Nvarin dilute soup" of random
mirror image molecules, referred to by J. B. S. Haldane, to the extremely precise
structure that is required for living processes, is probably the most fundamental
and fascinating question in biology. It most certainly is one of our primary rea-
sons for wanting to search for extraterrestrial life. So far as we know, from only
one kind of life (that oil the Earth), it appears that the same kind of chemistry
is represented in a range, from the most primitive forms on Earth to the most ad-
vanced. It would appear that all forms of life oil Earth are related, or in other
words, that there was one origin of life oil 	 front 	 all living forms
descended. The only real answer to these questions, at least the most promising
way of answering these questions, would be the discovery of all of life
somewhere else in our solar system (fig. 257) and thereby probably of in-
dependent origin.

The solar system has beer, discussed many times from the standpoints of other
disciplines. I would like to comment upon the solar system from the standpoint of
a biologist. Skipping Mercury, because I don't think even planetologists can tell
us enough about it to permit speculation, we move out from the Still to Venus.
While present data indicate the surface of Venus is too hot to be an abode for

FIGURE 256
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THc SOLAR SYSTEM

FIGURE 257

life as we know it, biologists are very interested in the exploration of this planet.
Earth has been eery well supplied with living things for a long time. Abiogenic
organic materials were depo_;ited on the Earth in its earlier stage. Most of these
materials have disappeared because they have been eaten by living organisms.
Earth has a satellite, the Boon, which we are on the threshold of investigating
thoroughly. Figure 258 has a little different meaning to biologists than to others
who have commented on it. One of the theories about the Moon, anti one of thei
things that makes it most interesting to biologists, is that, contrary to the Earth.
the Moon may have served as a "deep freeze," to save abiogenic organic chemicals
and thereby provide a clue as to what the prebiotic chemistry was on Earth.
There must be carbon there and, if so, we'd like to know in what form. In
figure 258, we see for the first time something the biologists have hoped for: a
sharp cliff face that apparently goes down several hundred meters. I really long
for the day when we can take samples from across that cliff face to find ont
what may still be in there.

There has been so much said about Mars (fig. 259) in the last few years that
I will not discuss that planet again except to say that most biologists think is
the most likely site for discovery of extra,errestrial life, because of its similarity
to the Earth. A point of great interest, however, is the red spot on Jupiter. In
the laboratory simulation of primitive atmosphere (see fig. '2-56) the gases which
are known to make up the Jovian atmosphere and which are known to be quite
similar to our imputed primeval atmosphere, on being exposed to all
spark produce a chemical reaction which gives off a red glow. The spectral
emission coming from the glow is practically identical to that from the "red
spot" on Jupiter. It ma y be that we ' ave abiogenic production of organic com-
pounds in process now on Jupiter similar to that occurring during the early
history of the Earth.

Now how would we recognize life on another planet? The four ways to look
at this question most simply are from the standpoint of (1) form and sfructrcre.
the classical one that Darwin used; (2) function. nor bchavior—i.e.. function of
enzymes or behavior of organisms; (3) rffc'ct on. cnviron.mcnt—the substituted
methane suspected in the Mars atmosphere would be of great interest because
methane in the Earth's atmosphere is apparently a measure of the Earth'c hio-
logical activities, and (4) the c•hc • miral composition. Perhaps one shmild search
for complex molecules and examine their "building blocks" to see if any optical
rotation or preference for right or left handed molecules is present. To dc. all

-- A	 &-	 -i
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these things we call set ult lahoraturies oott Earth ILS laboratory breadboards such
as the one at the :laces Itesearch Center slim\ Il in ligure 2110.

When the Challe11ger exl ►c •dition Nvent out of Engloml (187'*f1 7G) to explore
the deep sett hu4tu141, the ship's lahuratoor

*
	t fig. ''til I disl4lti^ed prac•tic•all^• ;cll 4,1'

the twirls that we wmild need loo 111(ok for life 4111 \1:1t's ill the sinte 44t • 1114, art 411•

a century ago incl11di11g ;Ill onboard library, cullectirtg tools, visual ia4;lLiag, ;11141
c • hetaical analysis ilipm—alus. lit 	 1593, the Board of Itegenis of the "mitll-
sunia c Institution, ill 	 annual rellurt, stated :

"The expedition ut' the ('h:illeIlger N ill rank as 	 the taost follimis ever
undertaken i ►► the interests of seic11ce. '1':ie new and Nvvi;:ht ,I . facts N\ Ili( . ]] the
expedition disclosed, as well Its their ihut•o igh ilivestigatiun, ;ire	 set
forth ill the published reports.

"For a long time naturalists Icelieved tlmf the existence cif at ►^ life i41 the
great Scat depths rendered iwpossible by the enorinmis presstu•e mill the
total absence of light."

If Nvv, ill the last sentence, substitute .1/c%rs for the sea, lolr huromciric pirc.'(Surc
for "euurtaous pressure," and tau yrcut a flud , of solar r ►Icrgy fool- "total absence
of light," we have a eery stirring statemetit Mat may some d:c.\ he ivade con-
cerning uaut's by then historical expel lit it );I ,, to \fors.

In closing, it is signitieuul that the ceuetalir.atiuns ill 	 used today, the
gculTolditlg on xvidch hiolo } hus been bused in the last 111111dred dears, elute fl-mil
the 3rd quarter of the ]!)tit c •entur}• . ()ill , century after the Challenger's expedi-
tiem. Nve are c alking ahout Vo .im!1cr;tnd .11ws. l ► ne of the thins that is su eaticit:c
to 11w about th:1t expeditilm is Illy coo lvictio11 that in the :`;rd 1111:irter of the 20th
cc • ntur tt we NJ-ill add some more scaffolding to support oldithoml. structure ill
biological science. The search for extraterrestrial life. :111d the required llack-
groound research oil terrestrial life, lie ill taaiIl Stream of the slndv 0' life.
-ill(] afford hole fur progress of great 111acnit11dc in hiulogic • :il science.

LIFE DETECTION EXPERIMENTS
AMES RESEARCH CENTER

FUNCTION

FIGURE 260
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APPE^tnlx IX. W HAT Is SCIENCE?

IIotner E. Newell, Associate Ad ►ninistratol. for Space Science and Applications,
National Aerc^naulic •s and Space Administration

It is with considerable trepidation :flat I atteulpt in a few brief paragraphs
to define what science is. Many authors, themselves illustrious scientists, have
undertaken this task, all(] have considered it necessary to devote whole books to
the subject. It is a way of life, not al ,Nacs understood) toy those who do not live
it. Yet, its intiuenc •e rests upon all of .uoderu sc. "iety. bein;r seen not only in t he
objects of everyday- living but also in our concepts and patterns of thou ̂ t► t. It
is important that science be understood, because %vhile it exerts its iniluenc•e it
alto seeks nourishment.

The first definition I heard of se• ience %%-,is ghen b. • a ninth grade general
.c• ience teacher who said, "Science is classified 1 i.e., organized) knowledge."
'That is a simple definition, easily understood. and at the tin g e seemed a good
one. licit the fact of the platter is that the definition is quite superficial and
wholly inadequate to describe what science reall y is. To be sure, organized
kno«-led; e is one of the by-products of science, but science- ill fill meaningr
is inure, far luore, than :I mere accllululation of facts, figures, an(; data.

I have said that science is :1 way of life. It is what scientists do. It is the
process he which scientists, individuall}- and collcl tively, work tng(-111 r to devise
:l coullil"111} • accepted explanation of the 1111h-crse about thelll. It ob-
serv , thm :Ind measurement, imavillation, induction, h} • pothesi ,-, gelleralir•ltion.
dedlll • lioll. test. u(1111111111li c.11ioll. alld 11111tIlal critivis,111, Ill :1 never-Pudill}; 1'olllld
of issavlts oil the unkn4m, 1 or poorly Imown.

The scientist observes all(] measures. It is a fuudanwnta! rule of Modern
science tha+ it be based fill N%-hat ac •tnall }- b:lppens ill the ph iN'Sical world. To
detc ► • u1i11e this, the scientist collects experimental data. Ile makes his pleasure-
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utents under the most carefully controlled conditions. lie insists that results of
oxperinients :;nd measurements be both repeata! ► le and repeated. NN'hen possible,
lie measures the same phenonienou in different ways, to elin ► ivate : ► ny possible
errors of method.

To experiniental or observational results the scientist applies imtagivation ill
all effort to discern or Induce cotunson elements that may give further insight
into what is going oil. In this process he way discover relationships that lead
him to formulate what he calls iaws of action or behavior, such its Newton's
law of gravitation or the three fundanumtal laws of notion. It is not enough
that these laws, be expressed ill terns; they ► rust also be expressed ill
quantitative fern ► so that they nu ► y be subject to further test and n ► c;tsureinent.
For example, Coulo,mb'r; law of the forces between elect r ic charges is expressible
in terms of a formula which call be, and has been, checked by experin ► ental m ► eas-
uren ► ents which establish the validity of The law.

The scientist generalizes from the collection of observations and measure-
m ► ents, and relationships and laws that lie has accumulated. The purpose of such
generalization is to try to develop it which c-;u ► ill some coherent way
"explain" a collection of what might otherwise appear to be uncomicc•ted or ut ► -
related resu:ts. In seeking such generalization, the scientist recluire^; that the
theory be broader than the current state of knowledge about the subject. If
the theory is too restrictive, explaining only w1 ► at is now kmo%N-m and nothing
more, then it is of very limited value :uml basically unacceptable.

The new theory mast go beyond the presently known, and predict, by deduc-
tion, new phenomena and new laws as yet unobserved. 'Then these new predic-
tions can serve its guides to new experiments and observations. By taking tlieL e
new predictions and working theta together with other known facts, the scien-
tist can often deduce a result that can be put to immediate test either by obser y i-
tion of natural phenomena or by conducting a controlled experiment. Out of all
the possible tests that the scientist might devise in this manner, he attempts to
choose those for actual trial that are of such a clear-cut nature that a negative
result would discredit the theory being tested, while it positive result would be
as strong as possible in favor of the theory.

In this connection, contrary to widely held popular belief, the scientist is not
seeking for "thc theory," the absolute explanation of the phenomena in ques-
tion. Quite the contrary, it Is recognized that under the rules of the game one
can never claim to have the ultimate explanation. In testing hypotheses and
theories, the scientist can definite l y eliminate theories as wrong when the re-
sults of it properly designed experiment contradict in a fundamental way the
proposed theory. In the other direction, however, the scientist can do no more
than shoe• a theory to be uc•ccpfabIc in the light of currently known facts.
Even a long accepted theory is at any time subject to being at least incont-
plete, having been based on onl y a limited body of observations. With the ac-
cumulation of more observations and data, the presently acceptable theory may
prove incapable of explaining some of the new facts. Then the old theory n ► ust
be modified or expanded, or even replace(] by in entirely lien- theory embody-
ing new concepts.

So as he progresses in his efforts to push back the frontiers of knowledge
the scientist is continually attempting to develop an acceptable "best-for-the-
time-hung" explanation of the currently available data. As we mentioned earlier.
this theory must do more than just explain all the known data. It must be
sufficiently broad anci penetrating to suggest fruitful tie%%- lines of investiga-
tion into the as yet unknown. And it must be capable of being subjected to
detinitive tests as to its acceptability.

In all of this process, the scientist continually cone n inicates with his col-
leagues in it of gays, subjecting his results to the close scrutiny and
criticism of his peers. Each observation or ine; ► surement is carefully examined
and questioned. Each n ► ust be repeated and checked sufficiently to assure its
vaihlity. Theories are comp; ► red against known observations ;u ► d facts. : ► lid
against other proposed theories. Nothing achieves acceptable standing ill
growing body of scientific • knowledge except through this searching trial by
ordeal.

We should hasten to emphasize that this is not a process of voting on the
basis of mere numbers. Even though the vast majority of the scientific com-
m ► nnity may be prepat,red to accept it given theory, a telling argument by a single
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perceptive individual can remove the theory utterly from competition. Thus,
the -3ting is carried out through SI continuing exchange of argument and rea-
so • led analyses. Those who have nothing to offer either pro or con, In effect
do not vote.

"he process of communication among scientists follows several tlienues. There
ax..! the established printed journals, in which working scientists publish papers
( , it their measurements and calculations. Presentations are aiso made to so-
cieties at periodic meetings, at seminars, colloquia, and working sessions, and in
informal meetings among scientists.

This last method of exchange has become an exceedingly important one in
modern science, in which sometimes the lace of ideas exceeds the speed of the
printer. liut whatever the method, this ebb and flc ► w of ideas between and among
%N orking scientists is am exceedingly Important part of what is known Its science.
Indeed, one author was led to state that modern science in communication. Al-
though this statement over-simplifies the total picture, nevertheless it embodies
a good deal of truth in that without the communication process, modern science
would founder.

Thus, the term science today has a profound meaning. The process or activity
that we call science has developed its rules, its body of tradition, on the : ► asis
of hard and seat cning experie , e. Recognizing that physical science cannot at-
taiu the absolute in knowledge, and leaving that to the metaphysicians and
philosophers, scientists have sought to substitute for the m-.attainable abso-
lute the attainable utmost in objtN..-tivity. The sciendific tradition while demand-
ing of each individual the maximum of insight, ingenuity, imagination, tiiscern-
ment, and ;nvention, that is the utmost, in subjectivity. nevertheless wrings out
as touch of the personal equation as possible in demanding that the individual sub-
ject his thoughts and result to the uncompromising scrutiny of his skeptical
peers. This tradition the members of the scientific community accept without res-
ervation. This acceptance gives to science and scientists a unity not only of
knowledge but of method that encircles the world and transcends political divi-
'4011s.

This then is the process by which scientists throughout the world join hands.
as it were, in advancing huIllan knowledge. This is the process from which come
the knowledge, ideas, and principles used in practical applications of it
irature. Moreover, just as practical returns stem from, scientific research, so do(-s
scientific research benefit front the practical results of applied research and de-
velopment. The achievements in electronics, lower supplies, strut •tures, :materials.
rockets, etc., contribute fully as much to the advancement of scientific technigtws
as results of science did to make the engineering achievements possible. in this
partnership of science and technology and engineering, science plays it role of
especial importance to our society.

APPFN'DIx X. A BRT_F.F IIJFTORT of RFsKARCII ix Eiy.CTRICITI-

John E. Naugle, Deputy Associate Administrator for Space Science and Applica-
(ions (Sciences), National Aeronautics and Spaee Administration

The history of the discovery, understanding, and use of electricity covers
2500 years and involves many lwople from many countries. For the first 2400

?	 years the people who studied electricity were motivated by it 	 to under-
1 stand a peculiar natural phenomenon. The practical value of the knowledge

they were accumulating—the work for man which electricity could do—was not
recognized until the mid-19t1i Century. The recognition of the value of electricity,
and of the research which led to man's understanding electricity, profoundly al-
tered ► non's environment and his understanding of the potential value of scieu

i titic research. The discovery and understanding of atomic energy is also altering
man's environment and has made him acutely aware of potential hazards 'to that
environment from the improper application of scientific knowledge.

The sentiment in the country appears to be tending away from the support of
basic research toward the practical application of existing knowledge to solve
existing problems, motivated perhaps by the magnitude of those problems and
by a fear of the results of suientific research. At such it time it might be well to
review the history of the research into electricity to see if there are lessons we
can learn which will help us make the right decisions today.

The recorded history of the research on electricity starts with Thales, a
Greek philosopher who, in 600 B.C., discovered that rubbing a piece of amber
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over it cloth made !t attract small particles. It is from his work that we get the
name "Plectra," the Greek word for amber.

Little additional knowledge of electricity was obtained from the tittle of Thales
until after the renaissance and the beginnings of modern science in tl ► e 16th
Century. Modern science, with its emphasis on accurate, recorded, and published
observations and oil exchange of Information among scientists, enabled
scientists to understand and extend the work of their predecessors. Scientists
began the system::tic study of electricity in the early 1600's when an English
doctor named Gilbert made observations of the materials which could be elec-
trilled, and recorded his results. With one exception, the tools available to Ih•.
l:ilbert were very :simple: amber, and it of natural materials such as
cat's fur and silk. The execinional tool, of course, was the questioning 1111111:111

mind which was then and Is now the most important tool in scientific activity.
one hundred and thirty years later the Englishman Gray extended (Wilbert's

results to show that this "electricity" could be conducted along metallic surfacer.
Shortly thereafter a Frenchman named Dufay showed ther ! were the two kinds
of electricity which we now call positive and negative charges. At that time
people regarded electricity as a Lind of fluid whit-h they tried to store in various
kinds of containers. Dr. 11, van .Nkfusselienbroek of Leyden found it could be
stored in a device which we still call it 	 jar.

At about the same time an American, Frankiin, showed that lightning was
related to electricity.

Throughout the period from the early 1600's to the late 1700'x, scientists were
engaged primarily in observing and recording their observations of the behavior
of electricity.

Coulomb, a French scientist, designed a sensitive torsional balance ill
He began to use this torsional balance in the 1780's to study the force between
electrical charges. Ile found that the force between two electric or magnetic
charges was directly proportional to the product of the charges aa,d inversely
proportional to the square of the distance between them. Physics students today
learn Coulomb's laws of electrostatic electricity in their first course in physics.

Additional knowledge of electricity was contributed toy two Italian scientists,
Volta and Galvani. Galvani related electricity to animal behavior. He showed
that if the nerve of a frog was connected to one metal and that metal to another
metal and if the second metal was then connected to the muscle of the frog, the
muscle would twitch. Front work of Galvani and Voita ultimately came a
device for producing a continuous flow of electrical current, a battery, as well
as new insights in biology.

Another Englishman, Davy, in the early 1800's related electricity to clic-mistry.
when he showed that one could use an electrical current to separate water into
hydrogen and oxygen.

The next contribution was a major one by Oersted, a Dane. For the first time
he linked electricity and magnetism together by showing that an electric cur-
rent generated a magnetic field. A Frenchman, Ampere, took up Oersted's work
and developed a new concept of magnetism and also introduced the concept
of tension in all 	 circuit, or voltage as we know it today.

A German physicist named Ohm worked out the rel,tionship between the
voltage, current, and resistance of a wire carrying a current.

About 1821, all 	 Faraday, began to experiment with electricity
auld realty extended the knowledge of electricity. Ill 	 days people had beet ►
hxaking for ways to make electricity from magpietism. Ill Faraday pro-
ceeded to do so. Ile discovered that he could generate a Voltage by ttlnving
a conductor through a Magnetic field. Ill at period of about lax days he conducted
it series of experiments which conclusively de ►nonstrated the existeuc •e of elev-
t rornagnetic• induct Ion.

Faraday for the first tittle bega11 ► to see it use for all this ktto%%[-
edge of elec•tricty. He was asked ill Parliament what the value of his research
oil electricity tvas, ins', he ansivered. • Someday yon will tax it!" ile was at
little premature, but not much.

Another I:nglishttta:a, Maxwell, had to make 'As c •outribntion before full list-
Auld be nla de of electricity. Alas;vell studied the work of Faraday, the la %vs
of Coulo11lb auad .ampere, and put chean together into what we today call Max-
well's four equations, which we st ili trse to predict the behavior of electricity. From
those equations he predicted the ey istence of elec•tronu ► gttetic waves traveling
at the velocity of light.
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About 1850 a vast amount of knowledge about electric• i • .y wits available.
As the scientists continued their research. many other peopie began to apply
the knoK, iPdg2 that had become available over the past 2:0) years. Ity 1880
Edison in America, and Lane-Fos in England, developed the first supply of
electricity.

Ilertz investigated the prediction of Maxwell and sheaved how to generate
radio waves.

Ity the early 1900's Marconi was telegraphing messages across the Atlantic.
Ian had a new means of conununleation, a new source of light, a method of

transporting the energy of it waterfall to a city. and a multitude of powerful
machines to free nian from the drudgery of routine work.

The history of electricity continues today. One can follow the thread of
research on the nature of electricity through the study of the electron, and
on to the work that is going oil

What call we learn from this brief and very superficial history of electricity?
First, it took many then front countries 250 years to develop sufficient

understanding of Plectric •ity to put it to use for mail..XftPr the scientific knowl-
edge was available, it took another 30 years to develop the first practical
applications.

Secondly, it involved the scientific disciplines of physics, mathematics, chem-
istry, and biology. It was impossible to predict who would make the nest dis-
covery or even in which discipline the discover} . would be made. Maxwell
needed all the mathematical tools then available—cal: plus, vector and tensor
analyse~, and partial differential equations to derive the laws of electromag-
netism.

Thirdly, the work proceeded even in the face of violent turmoil in Europe.
Ampere and Coulomb, for instance, did their work while Fr-tnee was in the throes
of a revolution.

Fourthly, if any country had recognized the practical imitte of electricity early
in its history, it would not have been able to accelerate its development except
by supporting work in all of the scientific disciplines because it would not have
known in which discipline the next crucial discovery was required. Conversely,
no single country could have greatly impeded the progress of the research. Only
a concerted effort on the part of all the rulers of Europe to halt research, to
prohibit the publication and exchange of information among scientists, and to
stop the teaching of the physical sciences, could have had a marked effect on the
progress of research. To do so would have produced another dark- age in the
history of mankind similar to that which esicted in the Middle Ages.

Finall y, the history of electricity is not completed even today. Scientists at-
tempting to understand the nature of electricity discovered the Electron, the pr ,-
tom, and the neutron, and as they began to understand these particles they began
to recognize a new application of this knowledge—atomic energ.o. The effort to
understand electricity continues today in many laboratories, most particularly
at the Stanford 20 Bev electron accelerator.

AlthougL there are rnitny- more scientists today working with vastly more com-
plex equipment than there were in the 18th and 19th Centuries, the problems
they are attacking are correspondingly tougher. An individual can no longer solve
the problem with equipment he i,ailds in a university instrument shop. Support
must be provided by national governments.

We cannot foresee the practical benefits, nor the problems which will come
front today's scientific research. We can be sure that as long as men are born
with a questioning inind and access to the knowledge and toc•hni(ues of science
they wil l ask new questions of nature, evolve new theories, and further expand
our knowledge If this nation should turn away from the support of basic re-
search. either because k,f it to get on with the practical problems, or be-
cause of a fear of the results of scientific research. we may very well lose on Moth
counts. We may deny ourselves the very knowledge required to solve those prac-
tical problems, and unless we can persuade ::11 the other countries cf the world
to stop their suppx)rt of basic research, we will not avoid the results of scientific
research. In addition, we will be in a relatively poor position to deal with them
because of ignorance.

We ntust both continue the support of basic research to provide the new knowl-
edge and broaden the support of the efforts to understand the benefits and hazards
which attend this knowledge.
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APPEISDIX XI. PRACTICAL RESULTS FROM THE NASA SPACE Psroaiu~r 

Edited by J. Spriggs, Special Assistant to Aswciate Administrtltox for Sptlce 
Science and Applications, and W. Griswold, XASA Cons~~ltnnt 

The purpose of this document, for the fourth consecutive year, is to sum- 
marize some of the latest practical advantages deriving froxi1 tlie space p)x.c~- 
gram's broad scientific and ..technoEogical advances. This sort of benefit is in- 
creasingly emerging f r s a ' t h e  prog~am, but what is f a r  inore impressive and 
significant is that  whole new technological systems are novr being acquired with 
so many potential applications, i n  such' a nTide variety of as1)ects of our daily 
lives, that only a few of their more obvious possibilities can be highlightecl. 

Wherever a proliferating develspiuent can be pointed out, the individual toyics 
hare been presented in illore detail than was given last year. Consequently, the 
items shown here halve been deliberately selected from the n~ucli larger group 
of new items that have appeared during 1866, in order to give a inore conlpre- 
hensire appreciation of their present or inzrending worth. 

Your attention once again is invited to the fact that illany of these practical 
advantages wonld not; yet be apparent, probably, if they had not been clis- 
cerned as  early and publicized a s  quickly as feasible through XASA's Tech- 

I 
! nology Utilization Program. As yon know, its purpose is to - make available to 

the nation's economy a t  the earliest possible moment those technological develop- 
i f  ments that may be of value outside the space program as  well as in it. 
11 Many individuals at XASA Headquarters and field centers have contributed 
1 / 

I 1 the mass o,f reports from which the following items were selected. h majority 
of the contributions came from the Goddard Space Flight Center, the Jet  Pro- 

t !/ pulsion Laboratory, Lewis Research Center, and Langley Research Center. And 
I 1, although tbe items naturally represent, for the most part, those practical ad- 

1 l 
1 1 ,  

vantages stemming from programs of the Office of Space S~tQence and Applica- 
I! tions, they do include both present and anticipated benefits fr3m the entire space 
I program. 
/ /  The items are arranged under general headings, ~ u c h  as National Security, !: 
i: Industry aud Rlannfacture, Earth Resources, etc. It will be noted, however, 
i' that choosing a category for some of these topics has had to be a purely arbitrary 
11 decision, since they could almost as  well have fitted into several other categories. 

In particular, many of the items in other categories contribute to National 1 Security, accounting, in part, for the brevity of that section. 
I 

I As  on earlier occr~sions, the examples start  with those that pertain primarily 
f to our National Security. 

I 1  WATJL'OWAL SECURITY 

1. The shipment of Chinook Relicopters urgently needed in the Vietnam war 
zones has in  some cases been delayed because conventional techniques were 
incapable of removing dents made in hollow-blade spars during fabrication. Boe- 
ing's Vertol Division and NASA's Marshall Space Flight Center are now working 
together to design and construct for this urgent job a tool that is an adaptation 
of the successful Electromagnetic Hammer, developed at MSE'C to remove dents 
from welded tank components for Saturn rockets. 

2. A unique seismometer designed to withstand the extremely high impact 
shock of a hard landing on the Moon and telemeter i ts subsequent measurements 
back to the Ear t r  is now being nlarketed by Teledyne Industries. The device can 
be dropped to a remote terrestrial Zocatjon by parachute or even by free fall. 
It has large potential ralue as a means of monitoring unde.i'ground nuclear 
tests. I n  addition, the clevice can be used to study the response of large structures 
to earthquake tremors or blasting shocks. 

3. A new type of stretcher was dereloped by a S h S A  contractor to l if t  an 
injuired worker vertically out of a Saturn fuel tank through a narrow opening in  
the top. Frssentially the waxae means could be used to hoist ~vounded soldiers from 
a battlefield to a hovering helicopter unable to land. The stretcher is lowerecl by 
crane, placed around the prtlsnt with straps and padding that will keep him 
comfortably immob)le during all carrying operations, and raised straight up 
when he is snug and secure in it. 

4. Liquid methane has been analyzed and found highly promising a s  a possible 
fnel for supersonic aircraft;. I t s  heat of combustion is 16 percent higher than that  
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of conventional jet fuels, its use would not eiiforce any major redesign of present
turbiijet or turbofan engines. and it is readily obtainable fron ► natural gas. The
use of liquid methane for fueling military and commercial jet aircraft might in-
crease the carrying capacity of the planes and reduce operating costs as- n ► nch
as 30 percent.

1. A foldable metal tubing has been developed that c-an be sharply bent or
rolled into a ► compact coil for launching in a rocket payload, and is then capable
of erecting and expanding itself upon release. The tubing ha y many apparent
uses, as, for example, in foldable helicopter blades, fluid conduits, foldable and
portable scaffolding, and in self-erecting rigid structures that can be reused
repeatedly.

G. An automatic living-( Yell analyzer for recognizing patterns of possible life
for!u, on '.liars can be modified for significant uses in counting blood cells on
Earth. In the event of an at o m ► ie disaster, it would be imperative to the nation
to identify quickly those who could be saved. This automatic analyzer can pro-
vide almost instantaneous blood counts reflecting the degree of radiaWn dam-
age incurred, and thus the relative chance of recovery.

7. Supersonic wind-tunnel studies of the various wakes behind a number of
different wedge-shaped bodies have provided much specific information about the
features of flow that are characteristic of each shape. This information is of
obvious value in radar recognition of the wakes of bodies entering the Earth's
atmosphere, and should be important to our ballistic missile defense system.

S. Techniques of pattern extraction that have been developed to improve tele-
vision pictures from spacecraft cameras can be applied to two-dimensional seis-
mic detection and location of field artillery pieces that shake the ground by
firing.

9. The compound hydrazine diborane is a high-energy, solid monopropellant
that has long been of interest to the space program. It stores well and can be
handled safely with normal precautions. One of its outstanding properties is
the fact that it eont-.ins more hydrogen per unit volume than liquid hydrogen
does. Furthermore, all of this hydrogen is released by combustion. Two commer-
cial firms are currently attempting to develop the use of hydrazine diborane as
packaged gas for military balloons.

10. Current progress in the technique of sterilization has led to the develop-
ment of solid propellants able to survive prolonged exposure to sterilizing tem-
peratures of 275 degrees Fahrenheit. It seems likely that solid propellants of this
nature could be used in missiles to be mounted on the outside of high- ,:Peed air-
craft, whose external skin temperatures rise significantly in flight.

11. Closely correlated theoretical and experimental studies of hov. he la3 er
of air surrounding a high-speed missile or airplane wing goes from a wininai fora ►
to a turbulent one have been made. This phenomenon is of enormous importance
in designing supersonic aircraft and missiles for predictable performance. From
these studies may come a reliable and perhaps improved method for designing
aerodynamic bodies for the best possible high-speed airflow characteristics.

INDUSTRY AND MANUFACTURE

Before beginning the recital of some of the outstanding present or iniminei't
practical benefit's of the space program to industry and manufacture, it is appro-
priate to quote briefly from a pertinent letter. Always before, participants in the
space program have expressed the personal conviction that the practical ad-
vantages that are envisioned from the scientific and technical progress would
seem equally promising to industry. A meaningful bit of testimony from indus-
try's side supporting this view follows.

The letter referred to is from Dr. Edwin G. Schneider, Vice-President-Engi-
neering, Sylvania Electronic Systems. Dr. Schneider, who points out that lie
speaks from extensive experience with Department of Defense contracts as well
as with NASA's, says in part: "It is my belief that the technology being devel-
oped under NASA and DOD contracts is being applied to commercial products
at a rate which is limited only by the ability of engineers to assimilate the knowl-
edge and the ability of industry to cam new product ideas all the way through
to the market place . . . The concern expressed by various groups over the
apparent lack of transfer of technology fron ► NASA and DOD appears to me to
be based oil imperfect understanding of the engineering process and an un-
warranted expectation that much of the transfer will be easily recognizable as
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hardware end items." Dr. Schneider identities publication of info ►:uation in
the technical literature, interchange of duties of commercial engineers between
government and nongovernment work, and the stimulation b3' government to
industry to supl ►ort their oNvtt development of new and more c : gy pAble devices as
being the primary means of transfer. 'These coauuents contirn ► li lt . be'ief thatt
much transfer occurs that is not and really never caul be identified. '.b, listing
serves to provide easy credibility that this ntuc •h greater degree of transfer is
actually being accomplished.

Here are some of the latest examples of space-genera ted technology tat 1 ► ave
obvious application not only to industry and manufacture but to a. nv other
aspects of our lives.

1. NASA's stringent spacecraft requirements and resulting spac ► research
have instigated the development by industry of strikin-fly miniattur., ed coin-
puter circuits, which in a short time will find their *ay into comme:eial u.1-
chines, providing important savings ill spaco and cost and gains in reliability.
Computers have been scaled clown to the astonishing point where thousands
of circuits call be compressed into a case smaller than a quarter of a dollar, and
the equivalent of at large machine call occupy only a cubic foot of space.

'_'. Stable metal alloys have been developed at Lewis Research Center that
dramatically increase the resistance of 'hearings to catastrophic wear when
their surface filth of lubricant fails. The secret lies in tailoring alloys so that
they have a hexagonal crystal structure of atoms Instead of the customary
cubic crystal structure. Hailed by a research magazine as one of the hundred
most significant industrial developments of the year, this technology cult be
expected to reduce the incidence of bearing failure, or completely eliminate it.
in the event of brief loss of lubrication. These new alloys, because of their low
friction and nonc •orrosiveness, should also be valuable in making artificial hip
and elbow joints.

3. An air brake-dynamometer has been devised that call and measure
the power output of rotating machinery over an extremely wide range of shaft
speeds, from 0 to more than 75,000 rptn, and over a broad range of power. It
can also be used as all air turbine or air motor to produce shaft power at nlarl*y

adifferent speeds in(] torques in both clockwise and counterclockwise directions.
One company has already applied to NASA for a patent license and design
drawings to manufacture a line of these devices.

4. Very close temperature control in lightweight preheaters for space-power
systems has been achieved by mixing pyrotechnic powder with selected ma-
terials that change phase at the desired temperatures. The pyrotechnic heat-
ers, developed for a NASA experimental program, are now heing marketed.

.► . A method of ion nlafin .ff has been devised for depositin g thin films on com-
plex surfaces in a single operation without taoving the object being plated.
A strong bond is formed between film and substrate. since the surface i ,^ con-
tinuously cleaned both before and during the process of deposition. This method
of plating with high-energy metal ions is important in cases where conventional
vacuun ► techniques for depositing thin films fail.

G. Alt interesting new computer program can be used to analyze and stIld
combustion processes and help design equipment for furnaces, cou ► hnstiou
engines, chemical reactors, and the like. Devised to con ► pute chemical equilibria ►
in complex systems, the program requires only it simple input. does not need
initial estimates, and call - tap to 15 chemical elements and :i total of `u ►
reaction products, including condensed species.

7. In developing a valve sensitive enough to detect the slight increa:,e in
oxygen pressure resulting from the exhal ation of plants in a hiosatellite e-:peri-
ment. a mechanical derlee has been created that, uses waenets as the valve.
This promises natty use, in industry wherever a cheap, sensitive valve is needed
to guarantee the release of accumulated _uses at the slightest increase in pres-
sure.

K. A technique has been developed that enables a general-purpose pump (It' l ;uge

capacity, coupled with analog controls, to simulate the operating characteristics
of it wide of other pumps. This apparatus. when connected to ;1 pllmpin g
sestet 1. call determine which of the a^ailahle st;ul(hird pr,nips would be hest
suited to a specific purpose.'

t1. The applications of tun gsten have :)een limited by the metal's verb poor
drtctility :it room temperature. It is known that addin g : ► Substantial mnount
of rhenium to tungsten creates an all() '- with extraordinaril y improved dnctility
at room temperature. Further research has now revealed that tungsten-rliviomm
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alloys with considerably smaller amounts of rhenium in thew h.-lve significant
ductility at low temperatures. The high cost of rhenium riull-es this discovery
^ ahjable, and the research results should make possible additional use of
tun. steIl.

10. A unique transducer_developed to meet NASA's needs for measuring
temperature in inaccessible places is no%%- being marketed in considerable quan-
tity. The transducer, which advanced the state ,4 the art in output, size, voltage,
and stability, generates a signal proportional to ambient temperature. It is of
value to ► nany industrial processes, laboratory measurements, and telemetry.

11. A cold-cathale ionization gauge devised to measure extremely low pres-
sures oil satellites is now finding a wide market in metal, chemical, packaging.
and food industries. It is also being sold for use in i1lij1-tilnl semiconductors and
insulators, and in scientific apparatus, such as high-energy particle accelerators.

12. Advances in the techniques of drawing tine wire have resulted in the pro-
duction of niobium wire only 1W angstroms in diameter. (An angstrom is one
ten-billionth of a meter.) Continuous wire of this remarkable fineness, with elec-
trical and mechanical integrity, has been produced in lengths of up to six inches.
The techniques involved should be of benefit to the technology of composite 11111-

terials, such as fibers, and also to biomedical re-zearch and applications.
13. For measuring the absorption, emission, and temperature of gaseous prod-

ltcts of hydrogen and oxygen combustion, a radiometer-pyrometer has been de-
veloped that measures radiation from as many as six bands of wavelength, from
ultraviolet through infrared. Since the radiation bands are selected by means of
readily changed filters, this instrument has wide utility and can serve either its
original purpose or as an analyzer of other high-temperature gas mixtures.

14. NASA's S1,ecial Publication 5053, entitled "Conference on Selected Tech-
nology for the Petroleum Industry." has sold More than 9,000 copies since the
Government Printing Office offered it for sale last July. This publication contains
the proceedings of a NASA-sponsored conference that was attended by 250 execu-
tives of the petroleum industry. The conference was another in a series that
NASA arranges periodically to communicate to a single industry a comprehensiie
awareness of space technology. Since this particular conference, there has bees,
a striking upsurge in the number of petroleum companies participating directly
in NAS, + 's T( , , , ' , . olo-v Uti l ization Program, a rise in the number of interested
queries from other companies in the industry, and a marked increase in the at-
tention paid to space program technology in the industry's own p ublicatioIl..

15. A ruby laser developed for the dynamic balancing of gyros for space use is
now commercially available. The laser can machine a gyro rotor while the gyro
is spinning -at speeds up to 24.000 rpm.

111. A :'_,Curia.' 1vi ll-;.tor .head that can	 attached to .°. mi11 or o lath C and

catch most flying chips tend particles was devised for work with solid propel-
lants, whose fragments are dangerous because they are combustible. It is plain
that the collect( r head would be useful in machining radioactive as well as ex-
plosive material.

17. A significant new series of solid propellants of a type called Saturethane
has been formulated in Lhe process of meeting requirements for withstanding
cycles of high temperature in sterilization treatments for space use. This new
type of propellant uses a urethane-cured, saturated hydrocarbon binder, and has
demonstrated its ability to retain unusually good mechanical properties after re-
peated 53-hour exposures to 27:5-degree heat. The binder system may be applicable
to industrial uses where it is desirable to retain tough, rubbery properties
throughout prolonged high tei ,erature.

ltd. There has been widespread commercial interest shown in a process devel-
oped to form organic polymers by means of isostatic or hydrostatic compression
into shapes suitable for tests of their iechanical properties. The process is ap-
plicable to a broad range of powdered materials and to metallic and inorganic
particles as well. It could be used, for example, to form bearings out of fixtures
of powdered polybenzene, teflon, gral,hite, and the like: or make gears, other
machined parts, an-. electronic components out of powdered aluminum or other
metals and fillers. The process could also be easily a utomated.

I'). Development of improvements in advanced metal-joining techniques, such
as electron-beam welding, explosive welding, and diffusion bonding, could lead
to the fabrication of more complex metal shapes than previously.

20. Studies of the energy-absorption capacities of balsa wood and h, neyeomb
structures may lead to safer packaging and better cushioning of elevators and
automobiles against accidental high-energy impact.
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21. The needs of the space program :or long life and reliability in solid-state
electronic components leas brought about better understanding of the processes
invoived in their ma nufacture, and consequently a higher yield of satisfactory
compunelats from automated manufacturing processes. It can be Ioreseen that
low-cost sudad-state con,ptiters more and more will find their %Nay into the control

of ,,irpianes, passenger cars, buses, trucks, construction allll 111,11ing cquiplllelit,
and various types of uutustrial machinery.

_'_'. A new methou of vacuum coating was developed to deposit a 111111 of aluuvi-
imin oil mirror 23 feet in diameter—the lar;est L etal mirvir in the world—
created for the Jet Propulsion Laboratory's r•olar simulator. The technique u.,ed
a shigie electron beam as a :seat source and utilized mag-aetic "steering" to con
irol the dispersion and deposition of the aluminum cloud, from distances up to 5
feet. The new method could be used widely in the vacuum-coating field, in appli-
cations rangin g, from the production of thin-1;.1111 elect-mics and optics to the
deposition of corrosion-resistant and decorative ,alms on continuously moving
webs of metal and plastics.

Furthermore, the 23-foot mirror's Nveldlnent was simultaneously stress-relieved
and sagged into final shape. Thus, controlled "Lreep" forming offers all accept-
able method of finishing large aluminum welds to close tolerance ,,. Finally, the
mirror's hard nickel surface was electrodeposited while the mirror was mounted
on the grinding and polishing machine. The consequent reduction in tooling
slashed over-all plating costs to about one-fourth those of con-eutional plating
methods.

23. Construction of a large hydrostatic bearing as part of the 210-foot antenna
at Goldstone, Calif., built for deep-space communications, has successfully dem-
onstrated that hydrostatic bearings can be used to rotate millions of pounds of
loads smoothly and precisely. The techniques of analytic design or i ginated for
this development should help in the construction of large precision nlac • hinery of
many kinds, including cranes and telescopes as well as antennas.

24. Studies of slurries of solid propellants should benefit inawifacturers of
asphalt, paint, polymer latexes, and carbon-black-filled rubber goods, all of whorl
will protit from techniques developed to show the dependen ,-e of properties on
filler content. The viscosity increase, for instance, will be go— rned by the maxi-
nluna amount of filler that can be incorporated. This simple tut long-overlooked
c•oncer, can be expressed mathematically.

25. Improved understanding of rocket heat transfer and fluid ph ysics can be
applied to the design of plasma torches, such as those used for fiame-spraying
and metalizing processes. Also, studies of nozzle heat transfer 'nay be utilized
in developing improved industrial turbine designs.

" A	 '^	 t	 ^t' -res.^,nance CTPntrnmafar	 hirh (-,-in be n u•ed...V. nit Imp roved iiui'aii as r-iaaagn a^	 ,Y

v,-ith nitrogen, carbon, boron, and phosphorous nuclei, should find untny industrial
applications in the analysis and process control of various fluids and gases.

27. Development of superconducting alloys for cryogenic gyros will perluit
further miniaturization of coinput pr memory elements and the creation of small
electromagnets of high-field strength.

28. Ali automatic lens design computer program used by the Jet Propulsion
Tj%boratory to design star-track ,_r and other lens systems could I;rove very useful
to optical design companies. With this program, the companies would be .able
to produce better lens systems at less cost than by classical methods. They could
rent the necessary computer facilities if they didn't already 'lave them.

29. Studies of outgassing on plastics and rubber, have revea led a large variety
of impurities in the materials. Being able to identify such impurities and de-
velop means for reducing their incidence in the manufacturing and proc•c•ssing
of materials in which small impurities call he dangerous will benefit 111any
industri es that have stringent engineering specifications for polymers. Tl:rse
include the food-prekaging industry and automobile manufacturing. They also
include industries making surgical implants and dental applications.

30. Techniq ues used to make instruments r.nd equipment rugged enough to
survive high-impact landings in- olving loads of as high as 10000 g's can be ap
plied in a host of everyday ways. Crash recorders for aircraft and ground ve-
hicles can be made far more durable than they are now. Rescue gear and fire-
fighting equipment can be made sufficiently tough to he dropped from planes kith
a minimum of parachute braking and cushioning. Oil-field Pgnipment can h^
made sturdier for severe handling. Cameras and transi,tor radios and tape rc•-
corders can be made tough enough to survive any common fall.
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31. Many plastics are being formulated that have long-term stability at 600
degrees Fahrenheit and short-term stability tit temperatures as high as 1000
degrees Fahrenheit. These could find applications wherever the inherent prop-
erties of 111r,stics as these temperatures tire more desirable than those of metals
or ceramics.

32. A variation of one star-tracker lens might be advantageous in the televi-
sion industry. It has an image plane opposite'in cr.rvature to that of a normal
lens, thus allowing the image to he presented directly on the photo .athode of
an image-dissector tube.

33. A new class of polymers, called Pyrrones, has been developed that is more
resistant to radiation damage than any previously available polymer. It also
has outstanding stability at high temperatures, can be tr.ilored with an unusual
rauge of electrical properties, and can be readily fabricated in a wide variety
of forms. Though still under development, the new polymer is being considered
by industries and government organizations for many uses 	 It could serve,
among other purposes, as a radiation-resistant binder for destruct-system ex-
plosives in nuclear-powered spacecraft, as a protective coating for titanium
against corrosion and heat on supersonic airplanes, as a high-temperature-
resistant cloth fiber for high-speed decelerators as an electrical semiconductor,
and as a heat- and radiation-resistant dielectric for electrical and electronic
equipment.

34. Research in comr,site flexible materials for expandable space structures
has been applied and extended by one manufacturer to the creation of a 500-
gallon flexible fuel tank. The tank is expected to weigh only one-half or one-
third as much as those in present use for bulk fuel storage and as external
tanks for extending aircraft range. It represents the first successful applica-
tion of rubber-impregnated filament glass to the fabrication of high-strength,
flexible fi.ament-wound structures.

35. NASA has developed a miniaturized memory device with increased storage
capacity that can replace tape recorders previously used for this purpose on
board meteorological satellites. A computer utilizing the new miniaturized mem-
ory device is now being marketed.

36. A niachine for testing tensile strengths that was built by Goc.dard Space
E. Flight Center for its own tests of the strength of adhesive bonds between layers

of laminated materials is finding a commercial market. In this machine, stainless
steel rollers hold the test specimen in proper position for continuous application
of a perpendicular peel force.

37. A connector seal that incorporates a gasket in the form of a metal disk
compressed between two serrated edges serves as a positive seal for fluids at

f temperatures *_'ar guing from close to absolute zero to plus 300 degrees Fahren-
h. It is also effective for use in deep vacuums. The connectors can be easilyeit
fabricated, with simple tools, from readily available standard stock. One com-
pany is already marketing them.

38. A new torque filter provides a constant torque output from a pulsating
input. This filter not only smooths angular displacements but eliminates back-
lash. It can be used in many servomechanical applications employing gear-train
assemblies. The filter is soon to be in commercial production.

= 39. Among the many solid-film lubricants investigated for use on spacecraft
is an electrolytically co-deposited film of nickel molybdenum disulfide. A large
automobile manufacturer has applied the film to aluminum dies used in forming
the rubber molding around car doors. The previous mold lubricant had been

- a silicone compound, which broke down quickly at the temperature of the mold-
ing operation and would not release the molds properly. The new solid-fi:ni
lubricant has demonstrated that it can function much longer at the same
temperature.

t 40. A miniature fuel cell has been devised for disposing of hydrogen and
oxygen gases within closed areas. It is currently being used to consume gases

1 evolved from electrochemical storage cells and to prevent excessive pressures
from being built up. The fuel cells can be inade as small as pencil erasers or
as large as rates and capacities of gas consumption dictate. They should prove
useful in many areas of technology for the controlled removal of unwanted
gases. In addition, they could serve as detectors of undesired gases in systems
for purifying chemicals.

41. Interference-filter wedges produced by NASA have already been used suc-
cessfully in airplane and halloon instruments, providing it 	 small, highly
efficient device for spectrometers. These wedges make possible the manufacture
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of spectrometers for chemical and organic analysis and for industrial control
that twill be far s ► naller and store efficient than existing instruments and allow
► ouch more rapid processing of samples than is currently possible. Two pron ► is-
ing applications would be in fast and accurate monitoring of impurities in in-
dustrial chemicals, and in checking air pollution in factories.

42. A 2.56-bit ► nemory device with both read-in and read-out circuitry Is being
fabricated on a silicon chip only one-fifth of a square inch in size. This devel-
opment (-,tit to the creation of an extremely compact, low-power, pocket-
size electronic calculator, no bigger than it cigarette package.

43. Development of at precision heat-flow detector for use oil lunar surface
►nay be Valuable for rennote-sensing in industries that require high-precision
thermometry measurements. The detector c ,dllld also be of value in improving
instruments for primary and secondary stanchtrds.

CONSTRUCTION INDUSTRY

1. Thanks to tit idea borrowed from \ASA launch-facility design, San Diego
is to have a complex of nine circular apartment buildings, 18 to 24 stories high,
that will revolve every three hours, providing all tenants with a full panoramic
view. Each building will be rotated by a central service axle mounted on it tny-
draulic bearing system.

2. The use of Space Age Technology has enabled aerospace contractors to
underbid established shipbuilders for a big Navy contract for the design and
construction of front 15 to 40 fast new cargo vessels, costing $30—$40 million
apiece. A substantial advancement in shipbuilding practices will undoubtedly
be one of the lasting benefits.

3. The gold-spray coating used to control the absorption and emission of
radiant energy in spacecraft and on the helmet visors A Gemini astronauts
can be used effectively and economically to filter solar energy front and
house windows. A transparent gold coating only four-millionths of an inch
thick reflects more tit,, n 60 percent of the heat energy nor ► nadly penetrating
windows. This reduces costs for air-conditioning, shades, and draperies, while
at the same tithe enlim,eing the appearance of buildings where it is applied.

4. Now that lasers have reached the practical stage of development, it is
possible to use them in distance-measuring equipment based oil propagation
time of light beans. This equipment can be faster, more compact, more accurate,
and more powerful than any instrument previously available for the purpose.
It has clear potentialities in the field of surveying.

5. Hail-resistant panels and methods of testing structures for their ability
to withstand hailstorms have been developed as a result of hai, daIllage to one
of the 85-foot antennas of the deep-space couiniunications network at Johannes-
burg, South Africa. The design and fabrication techniques used to solve this
problem could be applied to reducing similar dattnage to buildings and other
structures elsewhere.

6. A self-propelled penetrometer, for use either tethered or untethered, should
prove to be a valuable tool for geophysicists and soil-mechanics engineers. The
tool is an auger that propels itself through soils, making continuous measure-

►aents of soil mechanics and other characteristics of soils as it goes. This instru-
ment could eliminat^ ^hH need for hore holes in many localities, and could both
determine soil characteristics and obtain soil samples at underwater locations
and beneath buildings.

7. Advanced methods for obtaining both static and dyna ►nic analyses of aero-
space structures have immediate application in civil engineering and architec-
ture. The techniques are in the fora ► of computer prograni ,:, and would provide
designers of ( • iN ilian structures with an expanded choice of structural shapers,
more efficient u,;e of exl ►ensive building materials, and reduced need for testing
models.

x. Space-program needs have fostered the creation of very high-grade adhesives
strongly resistant to ultraviolet degrading. These adhesives could be utilized in
coatings to reduce we<<ttlivring of bridges, houses, and other structures. The
coatings would require little or no maintenance after being applied.

1). Adaptation of the tectnology of white coatings to large petroleum storage
tanks could reduce boil off losses by reducing storage te ►nperattires. The same
technology could also be applied to the exterior finish of houses and other build-
ings, reducing the requirements and operating costs for both heating and air
conditioning.
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10. "Beat pipes," new devices developed in nuclear-power research that trans-
mit high thermal-flux densities Nvith little loss, may be used to convey heat
through air-comfort systems for houses and commercial buildings as well as in
manufacturing processes.

11. A Ptick control system for the six independently powered electric drive
wheels on the mobile lunar laboratory developed at 'Marshall  Space Flight
Center could be utilized in large earthinov ing equipment Nvith drive wheels that
are independently powered by electric motors.

12. A spray-coating devised to control heat on spacecraft sharply reduces its
absorption of solar energy at a selected design temperature. The coating has an
opaque, diffuse white surface until. it heats up to (],?sign temperature, where-
upon it gradually becomes transparent through a phase change, and exposes
a highly specular subsurface %with only half the solar-absorptions characteristic.
of the original surface. This brings a quick reduction in temperature. The
technology involved here could have valuable application on ground vehicles
and structures.

13. An autonsated system is being perfected for generating the best specifica-
tions for many types of construction. The system is based on the tape storage
of a comprehensive catalog of approved construction specification "bits" from
which combinations appropriate to each construction project may be ordered as
an organized pri p_t-out of specifications. The system would greatly reduce the
time requirements of specification writers, stenographers, printers estimators.
and the like. It has obvious potentials in other fields of procurement and in civil
applications.

14. Observations from Earth satellites should provide valuable data for
geologists, geographers, civil engineers, and other planners involved in the
selection of sites for dam` and highways, bridges, nuclear reactors, pipelines,
public buildings, and large private structures. Study of infrared imagery of
wide regions from sacecraft reveals such potential hazards as landslide areas,
fault zones, and unstable water-saturated soils or fill.

COMMUNICATIONS

1. NASA's successful Sy ncom satellite demonstrated that a global conirniiiii-
catiop-s network is feasible through the use of satellites in Earth-synchronous
orbits. Congress, as you know, created the Communications Satellite Corpora-
tion for the purpose of establishing such a network. Conssat's first consnsercial
communications satellite, Early Bird, based on the Syncoin design, has been
operating successfully over the South Atlantic since April 1965, linking North
Ameriea with Europe. In cooperation with the r,_► foreign powers that are its
partners in the International Telecommun seat ions Satellite Consortium, in
which both governments and private interests are r,^preseilted, Comsat now
is in the process of improving and expanding the network.

Two new communications satellites, more than twice as powerful as Early
Bird, will extend commercial satellite communications to two-thirds of the
world. One is already in position, though not quite in its intended orbit, over
the mid-Pacifie. The other will be located over the lnid-Atlantic, multiplying the
present number of coin nlunications channels between North America and
Europe and making possible similar links between Ditin America and Africa.
These new birds, called Lltelsats, will be the world's first communications satel-
lites that can be utilized by several land stations in dif:erent countries simul-
taneously. For instance, the forthcoming atlantic satellite will enable stations
in Great Britain, France, West Germany, and Italy to receive individual mes-
sages from the United States at the same instant without interference. This
satellite will also permit television progruvis to be relayed \vithout pre-enspting
channels needed for telephone or data transmission.

NASA provides launch services for Comsat at a charge of $3.5 million eaell.
2. The photosensitive, field-effect transistor used in transmitting pictures

fram space satellites and from the 'Moon has advanced optically printed sound
reproduction to a point where it is strongly competitive with sound repro luction
from magnetic tracks. The optical sound-reproduction system is now being
marketed for single- and multiple-channel film projectors.

:Metal-oxide silicon fiel( I -effect transistors have also been iacorporate'd in high-
fidelity stereo systems. in )roth amplifiers and F M tuner circuits.

3. I)afa-compaction techniques, adaptive telemetry systems, vnd digital com-
munication links under development for meteorological and Applications Technol-
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ogy Satellites should snake possible significant improvements fit 	 alr-
c raft l ►erforn ► tuuce and reducing turn-around tine at till- terminals. 'I'll (, improve-
ments will be especially important for supersonic passenger }Hanes, which will
need to sample and transu ► it far greater quantities of data about their in-flight
pe rforanance than present planes do.

4. The space program has made possible telemetered communications that lure
highly reliable in situations where the information rate is slow and the trans-
rnissions infrequent. 'There are obvious applications of this technological adval ► ce
in civil communications: for instance, in telemetry from water gauges, metering
of traffic flog , and burglary- and fire-alaru► systems.

5. The Jet Propulsion Laboratory is developing a computer systen ► that tents:
and repairs itself, automatically replacing faulty components when necessary.
This system, known by the acronym STAR, for Self-Testing and Repairing, should
eventually be of importance to telephone and teletype exchanges, both civilian
and military.

6. A new maser refrigerant system of improved reliability, higher maser sensi-
tivity. and rl ► uch lower cost now brings masers within econondc reach of flu• snore
manufacturers of communications apparatus than before. The low-noise maser
amplifier is also a valuable improvement stemming from sl ►ac4, progran ► needs.
Higb-quality, low-cost masers will contribute to better telephone, telegraph, and
television transn1ssion via communications satellites.

7. Uassegrain antenna feeds devised for ground stations to improve conm ► uni-
cations with spacecraft tat extreme ranges have been so sue^c essful that they are
being planned for most of the international ground stations intended for the
forthcoming worldwide system of communications by satellite. Propagation of
radio-frequency energy over interplanetary distances hart also stimulated the
development of very low-noise receivers. In fact, worldwide coin nnnications
capabilities have improved drarnatically in the last few years as it result
(if the use of these space-developed techniques and equipment.

S. The success of integrated circuitry in communications and weather satellites
has led one of the principal manufacturers of color television sets to use circuits
of this type almost exclusively in its commercial products.

WEATI rER

1. The United States now has in initial operation a meteorological satellite
system, providing essentially global weather observations daily for central analy-
sis and forecasts. NA SA designs, procures, and launches the satellites; the
Department of Cotnn ► erne and the Environmental Science Services Acl ► ninistra-
tion operate and manage the system, and process and distribute the data it
produces.

The meteorological satellite systein also enables some 200 suitably equipped
ground stations throughout the world to sample automatically the satellites'
photographs of weather conditions in the vicinity of those various stations.
This antowatic picture-transmission systen ► has become particularly popular with
weather forecasters till over the Earth. In addition, several commercial television
stations have acquired their own equipment for tapping the meteorological satel-
lites' store of weather pictures. They display pertinent orbital pictures (tiring
their regular telecasts of Weather Bureau forecasts. -wording to tit( , stations
re,uorts, their audiences love this vivid Space Age improvement cur traditional
weather predictions.

Ali interesting and practical al,plication of the NASA-devei;;ped systems for
obtaining photographs of local weather conditions from ► nete,^rological satellites
as they pass overhead is being put into daily use at New York's .John F. Kennedy
International Airport. It has long been a requirement that pilot" of aircraft on
transoceanic flight:: he given a "significant weather chart" of their routes i ►efore
takroff. 'These charts indicate areas of frontal activity, cloudiness, clear air, and
turbulence, give clond heights, and locate jet streams. Now, in place of the previ-
(Ius Claris. u)^feorologists at Kennedy Airport are providing pilots with mosaics
of photogw ► phs obtained through the local Automatic Picture Transmission sta-
tion front meteorological satellites. These photographs cove: essentinlly the
entire North atlantic. Tlie meteorologists annotate then ► by hand and then dupli-
cate them in quantity ; thus pilots are provided with the latest weather intelli-
gence before heading across the ocean. The photo mosaics are marked to show
anticipated movements of mn jor frontal systems, so that a pilot will be able

a
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to identify the features ne sees in the photosby the time he reaches (lit, area
pictured. Fronts, centers of low pressure and high pressure, maxinlunl winds,
heights of cloud tors, and other crucial details are shown oil the rcosaics.

It is expected that this new system, as it is perfected, will eventually supplant
entirely the former charts of significant weather information. The Weather
Bureau will doubtless in time be able to provide photo mosaics of en-route flight
conditions at each of its aviation forecasting installations located all the way
from Guam eastward to the Atlantic coast of the United States, covering current
weather conditions from the eastern shores of Asia to the western shores of
Europe.

3. Sounding balloons for the Weather Bureau and meteorologists of the U.S.
;armed forces may be improved by adapting a curious new design called la
"jimsphere." This design, developed by a NASA contractor, has a spiky surface
instead of a smooth one. It has been found to be much more stable than ordinary
sounding balloons with less erratic motion in strong winds.

4. Meteorologists are studying infrared photogrsjphs of the water-vapor portion
of the infrared spectrum with the expectation of being able to determine the
directions that storms move and the reasons why they dissipate. From these
same photos, they hope to learn how to track jet streams precisely. If jet streams
can be pinpointed continuously, airlines can save a considerable anurllrlt of flying
t ime.

5. Orbital measurements of sea state by means of radar scatter have proved
to be practicable. Global observations of sea state,state, which would be prohibitively
expensive by rany means except the use of Earth satellites, promise to fill one of
the most important needs of waive forecasters. These forecasters cannot develop
equations for wave development without adequate ip itial observations to go by,
and observations aren't available over most of the globe at the present time.
Orbiting spacecraft can provide them.

6. The daily availability of local cloud pictures from meteorological satellites
equipped with the automatic picture-transmission system has given many foreign
countries a capability for developing their own national meteorological systems
at a cost they can afford. This benefits the United States not onl y by creating
goodwill but by 1 , :-.)adening the base of ou•- International program in meteorology.
This broader base of observational. data is essential to the development of long-
range weather forecasting and to evolving the technology of modifying_ weather
to suit man's seasonal needs.

POWE.''. SOURCES AND PUBLIC :iTILITIES

1. Copper composites reinforced with tungsten fibers have proved promising
for use as high-strength electrical conductors. The tungsten-reinforced copper
composites have ratios of tensile strength to resistivity and density that are
superior to those of commercially available electrical conductors.

2. It Is now possible to evaluate proposed designs of brtlshless rotating elec-
trical generators by means of computer programs. This eliminates the necessity
for building prototypes of the generators for evaluation. The same computer
programs have also supplied the necessary information for generator-design
manuals that should prove invaluable to working engineers and engineering
students.

`,. By using ultrapure materials, a cobalt-iron alloy has been produced whose
magnetic properties are better than those of any other known material for appli-
cations in the temperature range of 600 to 1000 degrees Centigrade. The alloy,
with an iron content of 7-91 ,, percent, has a high Curie point, good niaxirnlllll
induction, and low electrical losses, Making it suitable for high-!enlperature
electrical apparatus. This development should I-- of significant vaicle in light-
weight electrical power systems, rotating machinery, and transformers, as well
as in computer memory devices utilizing magnetic alloys.

4 . Cermet insulators consisting of a layer of alumina sandwiched between two
layers of niobiurn and formed at high temperature and pressure in an autoclave
have been fount, to combine desirable electrical-resistance insulating properties
with good thermal conductivity.

i. A battery has been designed and successfully tested for use in :a
 envin-mment. This cell, with a magnesium anode, an a lectrAyte of

lithium chloride and potassium chloride, and a naixttire of copper and cuprous
oxides for its cathode, operated in temperatures ranging from 670 to 1200 degrees
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Fai,renheit Nvitll it 	 though not necessarily optimal, energy density of
29-watt fours per pound.

6. The space prograin has contributed to the dIwclopillent of lighhvcigilt. high-
capacity batteries capable of utility charge-d:schnrge cycles. 1"a— batteries are
slaking possible the creation of many additional cordless appliances.

7. A new additive for heat-sterilizable silver-zinc batteries gives promise- of
extending not only the shelf life of sealed batteries of this c ype but their useful
life its well.

9. The nuclear-resistant qualities (if the magnetic logic computer develapi-d
for spacecraft could be put to use in controlling atomic power stations on the
ground. Also, techniques c rented to meet NASA needs for pleasuring nuclear
and atomic properties will ultimately be utilized in cc►minercia l Il'ower-generating
pa(kages.

1). Itadioactive power sources developed for space vehicles that are unable
to obtain necessary energy front Sun can be used to operate remote Nventhor
stations, buoys, and, particularly, monitoring stations under the sea. A sina;l
radioisotope power-generation system created for use on the Moon is capable
c1 providing nearly two watts of electrical power per pound.

10. Advances in the technology of refractory, alkali-metal, fast nuclear re-
actors for s; ►ace-program applications may hasten the development of breeder
reactors for commercial power generation. Reactors of this sort would permit
increasing steam temperature to ai ► iaroxir)ately 1200 degrees Fahrenheit, which
in turn could increase power-plant cycle efficiency to 40 or 50 percent.

11. An important developmental program involves the use of therinianic • diodes
to generate cle-,trical power aboard spacecraft. A significant possible commer-
cial application of tbis technology would be in nuclear power plants, where
banks of therir.ionic diodes could be used along with conventional steals-Ixnvered
generators to convert waste heat to useful power. By this means, the eflicienc)
of nuclear power Idants might be increased by at least 10 percent anti their
fuel requirements reduced accordingly.

12. A self-oscillating inverter for changing direct current to alternating cur-
rent In low input voltages is now being utilized commercially in it lightweight,
portable, airport-runway lighting system operated by batteries. A large inanu-
facturer of semiconductors has ..Iso recommended the same design for ri num.-
tier of otlier special applications.

13. Aiming a laser beam at a reniote photovoltaic cell provides it means of
supplying a sustained level of electrical I ►ower at a location that cannot be.
served by conventional cables and conductor.- At c,ne remote locatiou, the light
energy of the beam is converted to electricity through the photovoltaic cell.
In some applications this system is superior to cables and microwave links,
which consume more power.

14. An acidifled solution of didymium nitrate was found to iw-rease the
anipere-hour capacity of nickel-cadmium cells without affecting their voltage
outputs. A supplier of rare-earth elements has reported that it intends to pro-
vide this NASA-developed additive for nutnufaeturers of batteries and Ix ►wer
cells.

1:► . A solid-state ampere-hour integrator has-been devised for testing bat-
teries. It eliminates the effect of a transformer's magnetizing current, and thus
provides an output virtually free• of error, even when measuring smal! currents.
This device is being used to evalalate the performance of electrochemical I ►at-
teries for spacecraft, but it would be valar_hle wherever one needs to deterunne
battery- performance. It represents it signiticant laboratory tool for the adva f uce-
nient of battery technology.

16. Cadni4iin-vadiniam c•oulometers have beer shown to be effective in cot-
trolling the charging of nickel-cadmium spacecraft batteries. The tine of this
devi, • e in the buttery control system rednc •es the rate of overcharging. Coulnler-
cislll y , it has -IK4-illl uscfulaess wherever a c har;te mist be obtained in it eery
shirt l isle, a.s ill a ► rcrafl FyRtellls.

17. Ill batteries with silver elcv •trodes, such as the shirr- •nine cells now twang
used ill prototype electric automobiles, the migri+tton of soluble silver tends to
cause internal short circuits. Consequently, batter_• life is shortened lull re-
liability is questionable. A pr ►►ces.-,, has now been developed for elec •tr delx,sitina
it organic materials on silver electrodes. This type of deposil eau ► ( , ;sentially halt
s0vel . Migration and extend battery life by two to tive years.

f
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18. The unique variable-field motor, developed at Goddard Space Flight Cen-
ter as tin outgrowth of wort: with brushless motors, has wide versatility find
lx ►tprimarilytial application, primarily for DC motors, in the high-power area. Its
uniqueness stems primarily from a particular feature of construction, which
allows both the field wuiding and armature winding to remain stationary while a
mi gnetically "soft" iron rotor turns.

The motor can be used wherever high efficiency is needed and where arcing
and brush wear are undesirable, its in munitions plants, mines, hospitals, air-
craft, and mills. The variable-field motor could also be readily designed in a
linear configuration as at

	 of propelling rapid transit.

TRA \ SPORTA'rioN' AND COYi M ERC'E

1. Orbital photography in color appears to be a ilnick and dependable means of
checking the completeness of hydrographic charts in poorly mapped areas and
of de^ecting unn ► apped shoals. Color photos taken of the tuouth of the Colorado
River frolu Gemini spacecraft confirmed the well-known fact that there is it
neneral correlation bet%v^^en water depth and photograph color. Orbitsl photos
of the mouths of se ar t of the world's largest rivers clearly shmv the distribu-
tion of sediment-laden fresh water after it enters the ocean. The areas involved
are far too large to be photographed %with comparable efficiency front air-
plane. Satellites can to the job easily.

2. Photos taken by operational weather satellites are now the basis of charts,
routinely prepared during the winter and spring, depicting the distribution and
types of ice in the Great Lakes and the St. I.aNvrence Seaway. These charts are
of importance in forecasting the seasonal breakup of ice and in determining safe
routes for vessels in those bu sy waters. Satellite photos- have also helped select
the best routes for icebreakers to take and ships to folioNv in transporting sup-
plies to the Antarctic. The photos are especially important in that remote region.
which almost totally lacks ether sources of NveathNr information.

It has also been found that a qualified photo interpreter can distinguish be-
tween clouds, ice, and snow. This abilit y is being put to use experimentally in
determining snow distribution front a study of orbital photos. Snow distribution
is significant in forecasting water supply in certain areas, particularly in the
mountain regions of western United States.

3. Improvements in the range and doppler velocity sensor used by Surveyor
spacecraft during final descent and soft landing on the Moon have made the
sensor a more accurate and reiiable device than it was before, and enhanced its
value for future use in supersonic or hypersonic ::irera -t.

-l. In last year's -eport, it was noted that knowledge gained in generating and
handling extremely large bulk quantities of liquid hydrogen, oxygen, and nitro-
gen for the space program had led to cost reductions that should open new com-
mercial markets for these products. Liquid nitrogen is now being used in large
quant--ties to preserve brik shipments of fresh fruits and vegetables.

3. 'thermal-sole modeling developed for spacecraft could be adapted to im-
proving air-conditioning systems for buildings and for automobiles, buses, trains,
and airplanes.

6. The critical fact that airplane tires can and do hydroplane on water-covered
runways was discovered in the course of investigation by the Langley Research
Center into the performance of tires on wet surfaces. This disclosure had obvious
implications for automobile safety, and the research was extended in cooperation
with the Department of Commerce. the Bureau of Public IIighways. and the Gen-
eral Services Administration with the intent of defining important considera-
tions of wet-read driving safety. The results of this work have denionstrated the
crucial influences of speed, tire pressure. water depth. road texture and curva-
ture, tire-tread patterns and wear, conihinations of brake-locked wheels, and so)
forth, on the hazards of highway hydroplaning. They have formed the basis for
an educational frlrn, called "Aliton ► obile Tire Ilydroplaning—Chat Happens'"
They have also captured the attention of highway-safety officials at all levels
of government and have inspired broad, new efforts to iniprove tires, braking
systems, and road surfaces.

T. A method of evaluating rough airba^ . e runways for correction has substan-
ti;Aly reduced costs, increased the effect:veness of repairs, and lessened the
time needed to keep the runways out of use during repairs. The same -nethod
might be applied to evaluating and monitoring the condition of highway surfaces.
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III;ALTII AND MEDICINE

The practical advantages of space research and technology are especially inI-
pressive and heartening in the improvement of medicine and public-health
sere ices.

1. A six patient physiological monitoring system, which evolved from Mercury
and Gemini technology, has been installed in a t , t. lours hospital and is being
marketed commercially. The system includes bedside consoles and oscilloscopes,
two multiplexers used to display several traces si--iltaneously on each scope, it
strip-chart recorder, a magnetic-drum recorder, anu..n audio larm.

2. An air curtain developed to keep spacecraft parts free of dust during asselll-
bly is now being used by the Food and Drug administration in testing antibiotics.
The air curtain insulates the test bench and substantially reduces the number of
test failures that can be attributed to dust-borne micro-organisms.

3. Aluminized plastic only half a thousandth of an inch thick, created initially
for superinsulation in space, is now being sold commercially for use in blankets
for emergency rescue and similar purposes. The material has urique heat-reflect-
ing properties and surprising strength despite its thinness. It :s r_Iade into full-
size blankets that can be folded into pocket-size packages. The blankets can also
serve as stretchers, windbreaks, or water containers.

4. A snitch operated simply by eye movements was developed for NASA and
has now been adapted for use in a motorized wheelchair. The sight switch,
pro. . ry relayed, enables a paraplegic to control the wheel chair without moving
his body or limbs. The same switch could be adapted for use as a mechanical
pageturuer or to enable a patient to control lights, thermostat, radio, or television
set without moving.

5. A six-legged walking vehicie devised as a remotely controlled instrument
carrier for automated exploration of the 'Moon has been adapted for use as a
walking chair for limbless or otherwise crippled individuals. It can b.^, controlled
either by a chin strap or by hand and it can negotiate terrain, such as curbs and
beaches, that would be impossible for an ordinary wheelchair.

6. A telemetry unit designed for cardiac monitoring of astronauts has been
modified for marketing to hospitals for use in intensive care units.

i. Components of currently available pressure suits for space and strato-
spheric flight have been used to provide external blood-pumping assistance to
patients with cardiovascular defects. Further development of such artificial,
outside means of stimulating human circulation seems certain to derive from
pressure-control techniques now becoming available in the space program.

8. NASA studies of nays to avoid the potentially degenerative physical effects
of space fligh t have included the development of pressure cuffs and special exer-
cising devices and techniques that can be applied to the care of bed patients
forced to remain immobile for long periods.

9. Largely as a result of space-grogram requir--ments for radiometers in satel-
lites, for horizon sensors, and for a variety of detection systems based on sensing
heat, infrared equipment has been devised that detects "hot spots" in human
bodies, suggesting the presence of malignancies or other pathological conditions.

10. Techniques for automatically recording the blood pressure of astronauts
and pilots have been adapted to commercial use in a portable automatic blood-
pressure recorder. It gives consistent results even when used by untrained Iser-sons, and thus frees trained nurses for other duties.

11. A special dialyzing apparatus devised for use in molecular biology has
been modified to control the exchange of fluids and salt more efficiently in arti-
ficial kidneys.

12. The laminar-flow clean-room technique developed for controlling con-
taminants has been applied to at least one surgical operating room with marked
success. The use of this space-program technology is expanding. Drug noanufac-
turers are now being urged by their industry organizations to adopt the laminar-
flow clean-room technique in the preparation of pharmacenticals.

13. New fundamental knowledge of sterilization and antisepsis has been ob-
tained by directly exposing unprotected Earth microorganisms to the environ-
ment of space and recovering them. For the first time, it is ixossible to measure
the respective sterilizing effects of high vacuum, cosmic rays. ultraviolet rays.
X-rays. and temperature extremes in relation to specific lengths of exlx ►sure
to those various conditions.

3
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14. Research being conducted on various aspects of the auditory system has
led to the designing of an analyzer of frequency spectra for elect roencepha log-
raphy. This analyzer can compute and display a spectrum while the data are
being accumulated, and thus provide the time perspective that is a key factor
in interpreting EEG's. Besides its use as a research tool, this new instrument
may prove useful in such diverse applications as monitoring the vigihince of
an astronaut or a pilot, providing a compact summary of the FEG of a hospital-
ized patient, or monitoring anesthesia levels during surgery.

15. Gas chromatography is being used for the first time in tandem with mass
speetrotnetry for the purpose of detecting extraterrestrial life. This instrument
team also provides a rigorous i neans of identifying human blood components
related to disease.

16. The curious discovery that a turtle's eyes are unaffected b y ultraviolet
radiation sufficiently intense to blind a human being should be of use in research
dealing with the transplant of human corneas and other tissues, and also in
research investigating means for protecting us against radiation.

17. It is well known that living cells and tissues can be preserved very satis-
factorily by freezing. But always before, when they wire thawed and maintained
in a normal oxygen environment, they died. An important recent advance in
knowledge derived from these experiments is the revelation that when frozen
cells and tissues are Clawed and maintained in an environment deprived of
oxygen. they survive and grow without damage.

19. Further studies of the effects of simulated weightlessness on bones have
produced some specifics. Immobilized animals, for example, have shown not only
a 27-percent increase in calcium loss—an effect attributed to a deficiency in
Vitamin C—but, more importantly, a reduction of 37 percent in their capacity
to make up this calcium loss. Research of this type in fundamental biochemistry
is revealin l- information that will help us to maintain better conditions of health,
particularly bone, in the gen-ral population as weli as manned efforts in space.
Such research is helping us to resolve some of the more difficult problems in the
general field of bone disease, its understanding, and its treatment.

19. The automated system for conducting urinalysis of primates during bio-
satellite missions and telemetering the periodic analyses for recording could be
easily adapted to broader purposes. It could determine a large variety of either
urinary or blood constituents. It would be practical to use the automated system
in experimental animal tests that are part of pharmacologie studies of drugs.
It would be particularly useful for routine hospital procedures such as the func-
tioning of an artifical kidney. The automated system could substantially lower
costs and increase the speed and efficiency of clinical testing.

20. Components such as the back-pressure regulator developed for our bio-
satellite program could be applied to improving life-support systems for use in
*emote areas of the Earth, especially in underwater exploration.

21. Preliminary experiments indicate that it might be possible to apply to the
measurement of blood viscosity the parallel-plate viscometer used in studies of
solid-propellant slurries. Special advantages are that only a tiny sample is
needed, and That it can be measured within a few seconds of extraction. Blood-
stabilizing agents, which could interfere with a true viscosity reading, would
not be necessary.

22. The flow of blood in capillaries can be tracked optically by a device de-
veloped for observing test vibration of spacecraft on a shake table. 'Measuring
blood flow is a valuable tool in determining the response of the body's fluid-
transport mechanisms to drug injection.

23. Computer techniques for enhancing television pictures derived from
Rang-r, Mariner, and Surveyor missions are applicable to several medical areas.
These include getting more useful information from X-ray photos, from micro-
scopic analyses of chromosomes, and from electroiimicroscope surveys of nerve
tissue.

24. Techniques for automatically .orrelating and cross-correlating data being
processed have been brought to a high degree of proficiency in space comn ► nnica-
tions and other areas of the space program. Similar methods are now being e ► u-
ployed in other fields, such as that of medical electronics, where they are aplolied
to the analysis of brain waves.

n25. Work is under way oil flexible suit that will act as a biological barrier
between the wearer and his outside environment. The suit is primarily intende(l
for the purpose of making adjustments an(] relrairs on a sterile spacecraft. It
offers iml)4^rta-jt potential for biomedical applications, however. It may provide
a means of conducting completely sterile surgery, as is desired for organ trans-
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plants, or of protecting; researchers investigating partieuiarly dangerous
d i seas es.

'_►h. Developnleut of a 1a111inar-flow clean room that can be completely sterilized
b% dry- heat should tind important biomedical and medical applications. The
1110 11;1(1 act only would provide a totally sterile operating room for it surgeon
before anyone entered it but would keel) it 100 times cleaner biologically during;
( 1 perations than the average surgery can be kept today. The same technique ap-
pllEd to a hospital recovery room could substantially reduce the possibility of
post-operative infection.

27. NA",A-support?d research on the physiological and lisychologieal effects of
artitcial changes in the length of the day, owing to the time distortions pro-
duced by transcon'inental and intercontinental flights, has already affected
ancdical advice given to airline passengers. It may also help to solve the dif-
t culties of industrial medicine in adviQing how best to distribute wo^king himrs
per day.

28. An electromagnetic-flow meter originally developed for the missile indus-
try is now being used at the University of California, Los Angeles, to diagnose
erratic heart	 that otherwise might be difcult to detect.

29. An i nteresting aspect of space medicine is that it no` only is constantly
seeriing new ways of measuring standard parameters but it explores variables
that are largely ignored in conventional clinical medicine. Space medicine has
.ound, for instance, that there is parti:ular diagnostic promise in measuring
the pulse-%wave velocity—the acuustie properties—of flowing blood.

al). Accelerometers developed to study aeceleration effects in space travel are
now being used, variously, to study the protective value of football helmets, the
tremor pattern in patients afflicted with Parkinson's disease, and the ways in
which injuries are produced in automobile accidents.

31. In space research, the use of slowly rotating rooms helps determine an
individual's perception of motion and his illusions regarding his ;;h sisal posi-
tion. These revolving rooms have also contributed to a better understanding of
the basic function of the vestibular organ. Improved knowledge and treatment
of motion sickness and the development of superior anti-emetic drugs should
evolve from this research.

32. New devices stemming from the space program that assess the efficiency
of human performance are now commercially available. A respcnse-analysis
tester presents the subject with a choice of reactions to a given situation, and a
logical-inference tester then measures the subject's reasoning, memory, and de-
cision making in response. These devices can be used to detect loss of efficiency
clue to anxiety, fatigue, sickness, or age.

3:3. As a means of measuring human metabolism by determining the body's heat
loss through evaporation, a space-instrument company has constructed it bed
that is an extremely sensitive device for recording its occupant's hydraulic
balance. The bed has been used to determine a patient's water loss in burns, the
degree of water loading in heart failure, and the body's fluid balances in diabetes,
hemodialysis, and surgery.

34. New techniques developed to check the condition of rockets have resulted
in radiation dosimeters so small that they can be mounted on the point of a
hy1wolerinie needle for the purpose of determining radiation dosage in local tissue.

35. Another fascinating example of effective miniaturization for medical pur-
poses is the microlanlp. It is the outcome of research in illuminating panel dials
essential to missile control. The inicrolamp is so tiny that it can pass through the
eye of an ordinary needle, yet it gives a brilliant light. This promises to be valti-
able for internal diagnoses, such as viewing the interior of the stomach, and pos-
sibly for surgery.

:36. NASA has sponsored a number of industrial contracts that have produced
inns-ked advances, in the quality and use of implanted sensors. For example, im-
1%,ratable oximeters now make it possible to monitor breathing with greater
efficiency daring surgery. Intra-arterial manometers continuously record blood
pressure during major surgery. Radio pills are effective as sensors and trans-
anitters of temperature, blood pressure, acidity, and alkalinity. And implanted.
limdy-powered stimulators work effectively both as heart pacers anti as artificial
means of forcing muscles to contract.

37. Development of oxygen chambers with atmospheric pressures higher or
imver than normal has contributed to the possibility of using controlled en-
vironnaental pressure and gaseous compnsi ion to treat pulmonary emphysema
and comparable diseases, to care for premature babies, and to treat decom-
pression sickness.
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38. A concept has recently been advanced fo r wing it self -N%'inding watch
movement to power it transmitter for physiological telemetry. The complete de-
vice will be about the size of a watch aucl may be strapped to a patient's arnt
or leg. His motions will keep the watch wound and the transinitter functioning.
The sensor. whose lifetime would be virtually rinliniited, could bt used to moni-
tor temperature, blood pressure, or the body's acidity or alkalinity.

EARTH RESOURCES

Growing problems of water and food supply, mineral and fuel sources, Neater
and air 1Killution, and trathe congestion plagtie the people of the world with in-
creasing insistence. Some of these problems lire predicted to become acute within
the nett few Nears as the Earth becomes more densely populated. Although space
operations %will not in themselves provide any solutions, they will give key in-
formation on which effective action can be based.

1. The distribution of rainfall and the subsequent storm runoff in drainage
1 ►asins of small to moderate size are of considerable scientific and econoinic iin-
portance in water management, especially in arid regions where thunderstorms
are the major source of precipitation. A photograph taken from Gemini IV clearly
snows the track of one such storm in West Texas, and demonstrates the potential
usefulness of remote-sensing techniques to this problem. Time-sequence measure-
ments are naturally of prime value in studies of rainfall distribution and runoff,
and only the orbital approach offers the special advantage of both synoptic and
frequently repeated coverage of large regions.

2. Investigations are being made of the ability to use reinote sensors in aircraft
and spacecraft to identify and study areas of ground-water discharge into bodies
of surface water. It is important to delineate those areas, for they may be under-
lain with productive aquifers capable of supplying large amounts of water con-
sumption. The U.S. Geological Survey has used infrared imagery successfully to
locate and delineate areas of ground-water discharge to the ocean from the island
of Hawaii, and also to indicate ground-water discharge into a small river.

3. It has been demonstrated that the degree of sedimentation in reservoirs call
be determined photogrammetically from the air with the use of film and filter
combinations that provide good water transparency.

4. Studies currently being conducted in specific areas of known water pollution
have shown that orbital observations can probably be used to locate pollution and
monitor its movement in large lakes and estuaries, repeatedly and on a very
broad scale. Infrared imagery shows great promise in studies of mixing processes
where waters of different temperatures come together, as in estuaries and at river
mouths.

G. Analyses of a number of Gemini color photos reveal that even simple camera
systems in orbiting spacecraft are able to provide synoptic data on the location
and relative size of the Earth's settlements from the largest down to those of the
size, say, of Tucson, Arizona. Improved resolutions that we can anticipate should
make it possible to locate and identify all but the smallest clusters. In addition.
it should be feasible to analyze the complex internal structure of the larger units
of population. This might include gross land use, and even specific, detailed land
uses in places where sensor returns are most accurate. Information relating to
the internal structure of large urban areas is highly useful in urban and
regional planning as well as in geographic research.

Aircraft overflights using both infrared color photography and radar imagery
have produced clear patterns of associated rural and urban lands, and have also
revealed the influence of TVA and other resource-development programs on the
areas affected.

G. Geologic maps are being corrected and inade more useful both scientifically
and commercially as a direct result of color photographs of the Earth taken from
Gemini spacecraft. A total of 1.400 pictures of land and near-shore ocean areas
were snapped In the course of a synoptic terrain photography experiment con-
ducted toy Gemini astronauts. The color photos revealed many geologic structures
and rock units in northern Raja, California, that hadn't been nntpped before.
They disclosed it major volcanic field of Quaternar y- age in Chihuahua. Mexico.
that didn't appear on the latest geologic leap of North America, published in
1'. ►f; ► . The photographs helped correct inaccuracies and suppl e information miss-
ing from the best available topographic maps of Saudi Arabia. MoRt importantly,
perhaps, the Gemini pictures of Southwest Africa revealed it large number of
geologic structures in a major mining district that had not been indicated in the
most up-to-date geologic nial ► of that area, and showed the regional distribution
of sand dunes in the Namib Desert. This may not appear to be a significant
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achievement, but it happens that there is all diaL ►ond field in the
Namib Desert, and the diamonds occur in aliuvium between the sand dunes.
Therefore, locating the duties accurately is it matter of importance.

fit 	 to the returns noted above, Gemini color photographs were Itlso
instrumental in locating a new potential ore deposit in New Mexico.

Gemini photographs have covered (a) new areas not previously photographed,
(b) have extended or improved our coverage of areas previously photographed,
(c) have demonstrated the value of infrared color film in photography from
spacecraft altitudes, and (d) have shown the effectiveness of moderately long
focal lengths.

i. Radar imagery readily recognizes lakes, rivers, oceans, and moisture in
soils. Since fine-grained materials, such as sand and clay, retain water better
than coarse-grained materials, radar can thus be useful in mapping ground-
water distribution. Radar also has the unique ability to penetrate vegetation
and reveal the finer topographic details, which are not evident in photographic
images. Radar data from orbiting spacecraft thus have great potential for
aiding mineral exploration, since many ore deposits can be located through
identifying adjacent rock structures—more readily in some parts of the world
than in others.

8. An analytical technique has been devised for determining the mineralogical
and chemical composition of rock surface front of their reflectivity in
the 8-to-13-micron wavelength region. The bulk composition of the rock surface
can be determined by matching the incoming spectra with standard curves in
the memory of a computer. Evaluation of spectral rates up to seven per second
appears feasible by this method, thus permitting geologic mapping front space-
craft as well as from aircraft and moving ground vehicles.

9. Infrared imagery has revealed hot surface areas in Yellowstone National
Park that hid natural hot grater and steam. This suggests that sources of geo-
thermal power, such as those in Iceland, can be detected and monitoredbest
from space. The value of geothermal power sources may someday rank with that
of oil and gas deposits.

10. Existing instrumpittation is capable of remotely sensing vapor concen-
trations as small as a fev3 parts per billion and has many potential geologic
applications. For example, oil-field brine shows high concentrations of iodine.
and iodine is highly volatile. An instrument that could detect iodine or methane
vapor in very small amounts might lead to the discovery of oil fields of the sort
that have surface seepage.

11. Magnetometer observations from space should provide three-dimensional
geologic information on the structure of the Earth's crust and the forces that
affect it at the juncture between crust and underlying mantle. There is evidence
of a correspondence between deep-seated magnetic anomalies and major mineral
districts. Airborne magnetic maps are remarkably effective in delineating many
types of intrusive and extrusive rocks, even when they are buried beneath deep
overburden. Most aeromagnetic surveys up to now have lwen limited to land
areas. Spacecraft will provide the most economical means of extending this
search over ocean areas.

12. Although it is unlikely that marine mammals and schools of fish will be
viewed directly from orbital altitudes in the near future, we have already found
that concentrations of schools of certain fish show up as narrow temperature
zones in readings of an airborne infrared thermometer. Spacecraft with IR or
microwave temperature-sensing instruments can extend this kind of work to
worldwide coverage. Moreover, infrared color photography can be used to entpl ► a-
size plankton blooms, thus revealing areas where fish feed.

FOOD AND AGRICULTURE:

1. Infrared photographs of the Gulf Stream taken from the meteorological
satellite Nimbus II show promise of being of tremendous value to the commercial
fishing industry as well as to weather forecasters. Because the Gulf Stream
is about 1.0 degrees warmer than surrounding waters, it shows up clearly in
the infrared spectrum. NASA scientists and Navy oceanographers were able to
locate its northern boundary near Cape Hatteras very distinctly by stndyi ►► g
infrared photos from Nimbus II. Fishing experts say that they would luiow

consistently where to find several species of fish if they could accurately plot
the daily wanderings of the Gulf Stream. A better understanding of the Gulf
Stream's shape and almost constantly shifting course would also be of great
Importance to weather prediction.



564	 NASA AUTHORIZATION FOR FISCAL YEAR 1968

The Gulf Stream covers a huge area, and it would take ships and pl ides at
least 10 days to map it as thoroughly and acenrately its Nimbus can do in a
few minutes. Besides, by the time the ships and planes had completed the job,
the Gulf Stream would no longer be where they had located it.

2. Ordinary color photography from orbiting spacecraft has also demonstrated
Its potential value to commercial flsbing. Pictures taken on various Gemini
flights gave abundant detail on the distribution of currents and sedinwilt in
the shrimp-fishing areas near shore in the Gulf of Mexico. Otber color photo-
graphs from Gemini craft revealed the distribution of smooth patchc-s of water,
which in turn may indicate concentrations of organic matter on which fish feed.

3. Color photos taken front spacecraft of various arid regions, where
virtually no soil mapping has been done, should be of exceptional value in
desert reclamation projects. Gemini photos of the American Southwest, Mexico.
North Africa, and Saudi Arab a distinctly reveal the regional distribution of
soil types.

4. Continuing refinement of our methods of simulating sunlight Avili lead to
greatly improved testing of agricultural plant life. The ability to provide arti-
ficially any desired length of daylight, flux density of solar energy, and angle
of incidence will enable its to closely approximate actual growing conditions in
the fields and orchards of various. Earth latitudes at all times of the year.

5. Current research is revealing that the use of imagery in several wave-
lengths from aircraft and orbiting spacecraft can determine troll species and
variety; relative size and inat-arity of crops; types of soil, moisture content, and
relative amounts of soil and vegetation observed; and the geometric configura-
tions of crops. IMiultispectral imagery also depicts vegetation zones as they vary
with elevation, reveals trace-burn patterns of previous forest fires, and delin-
eates timber lines. Of particular signiflcance is the fact that using several wave-
length bands of the electromagnetic spectrum provides a much greater degree
of reliability than the use of single bands.

Infrared imagery shows up dead and diseased trees more clearly than stand-
ard color photography does and reveals the contrast between well-drained and
poorly-drained areas. The rapid detection of infected trees should speed up the
application of control measure.i, such as spraying, and help reduce the spread of
infestations.

SCIENCE

1. Ne%i coatings have been developed for silicon solar cells that cause them
to respond to a wider spectrum of light than ever before and at the same tine
resist better the deteriorative effects of radiation. These coatings thus enable
the solar cells to produce electric power under a greater variety of conditions
than before.

2. Ultraviolet spectrograms of stars were obtained on the late Gemini missions.
'these have been compared with ultraviolet spectrograms of the Sun obtained on
rocket fiights, and the results tell us more than we knew previously about the
ultraviolet-energy out put of hot stars, such as Sirius. By use of the spectro-
grams, more than a hundred stars have now been given rough ultraviolet classi-
fientions, and more extensive information has been acquired on a few bright
stars.

3. Research at the diet Propulsion Laboratory on the statistical theory of the
atom may be applied to explaining and predicting the behavior of matter under
extreme pressure--as, for instance, the center of the Earth or in a nuclear
explosion.

4. A miniature seismometer created for use on Ranger spacecraft and intended
for monitoring extremely small lunarquakes is now in use along the well-known
San Andreas fault on the Nest Coast of the united States, the location of Cali-
fornia's severest earthquakes. A better understanding of the general phenom; non
of earthquakes is expected to result from the readings of the miniature seis-
mometers. Infrared imagery in the 8-to-13-ucicron ban(], obtained from aircraft
overflights, is also being used to study the San Andreas ft(ult. Scientists evalu-
ating the infrared photos for the U.S. Geological Survey report that the fault
trace is clearly shown throughout most of its 200-mile length by variations in
soil-moisture characteristics, and I ► } offset segments e.i ancient stream channels.
landslide terrain. and numerous units of soil and Tertiary bi-drock.

► . The ranging systen ► in conjunction with Immir Orbiler aissions has re-
sulted in a new intercontinental time sychronization to NOthin ten microseconds.
This makes possible geodetic and astronomical nwasnre ► nents of unprecedented
accuracy.
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C. The techniques used ill design. develolnw c -tit, testiig. and olierte :loa of
automated vehicles for Iissions to the Moon and planets lire direc -tly applicable
to flit , technology of tllldet'water e'clilot • atiorl .11111 thO sriemes of nl•eanograllliy
ew(l I i 11 ► nclogy I st udy of fresh waters).

i. 'I'll(- gewietic satellite Pageos 11as been sacc •essfttlly phiced ill orl,-il
to 111-)0( le it sii:gle global reference for the precise iiterconnection !1f vario' ► s
limppirg syite11ls of the • world. 1 • ageos %%-Its • o ►► stracted of an :Ilu11lit;u ► u-c•oat"ll
Mastic that ii'Inted itself into .1 spherical satellite 11Nt feet in diameter after it
hall heel) inserted into it 1„ ► lar orbit it aw altitude of 26M miles. Tlm ,,ugh sintul-
lanvously photography of star backgrounds fre'tn
Earth locations ii11 to 288 iuiles apart, 41 ca ► wera stations throughout the world
at •e gecuiet. • icall^ • connect e(] to form ;I global geodetic ne!%%ork. V means of
this network. 1whits 11n the I,;Irth's surface cit►t he located to wilhin frotw 51 10
!let feet of tlivii • true pusilill ► ts its measured fiom tile' ceilter of inass, or to witilin
To feet of their tine 114)sitiolls re lative to .ether pciwh (ill 	 surface.

8. Since 111ally of the basic • concepts of navigating on Earth are not adapted
to personal use by roving explorers on the Moon. NASA is developing -I
inertial-guidiuie •e navigatiow s; stertl for this purpose. Exl ►eriinenlal work lilt.,;
aheady produced it device as small as it (-off(-(- 1 . 1111, which uses les• than 1 1 1 watts
of power, weighs less thaw 10 pounds, tilt(] huts it 	 atioi accuracy t. ► within
less than a eluarter of iliile.

It is evideil r 111:11 the teclittology involved should open is %Nealtl ► of possibilities
for nlii,hiture imvigaiion devices that can be used on small Boats and aircrafl.
for Earth explor:Itimi. anal ill 	 field operations.

:t. A simple system perfected for rapidly lc ►c •atiwg spacereenlry vehicles that
have stink to the ocean floor is being Nvidely applied by government agencies in
recovering other underwater objects, ranging front experimental uosecoies to
wrecked ships. The system consists of :I self powe--vd. rugged gen-
erator built into the object to be recovered, which radiates ultrasonic signals un-
derwater for uetec • tion tin(] I snlali hydrophone receiver, carried by recovery
ships or Senha divers.

W. Formulas being developed to express man's responses to t ►erception 1 ► f
displacement, velocity, acceleration, and so forte:, in(] to express the effective-
ness of his control response, are making it easier to improve flight-vehicle dis-
plays, controls, and systems for augmenting pilot performance oil
difficult missions. 'These formulas tire broadly appli cable and (-:ill an int-
portant impact en the evolution of improved inamially controlled machines for
industry, farming, ► wining, transllortatioii, national defense, aid 1•ublic iise.

11. During 190;, laser tracking systems have becw perfected rani are ready for
olierational use. These systems offer the possibility of improving tracking itc-

curacy by one or two orders of magnitude. This. ill turti, will enhance the value
of satellite geodesy to the Earth sciences.

12. Improved definition c ►f the Earth's gravitational field now enables owe to
investigate small variations ill orbital motion of satellites. First results have
given refined iwforruation on how ► ranch the solid latrih is eleforu ►ed by the at-•
ir:wtion of Still and Moan. Correct definition of these Earth tides will lithe sin
iinpirt ant bearing on niderstamliig the strength of the Earth's interior. Bi-Iter
iwforiwition about gravitational effects oil the orbits of satellites has also Made
it possible to determine short voriation ill 	 air-drag behavior of satellites and.
ill consequence, chawges of .,:hart eluratioii ill 	 atiulsphere.

The most important practical result of more thorough knowledge of the Earth's
field of gravity is that it allows one to deteriliie orbits more accuratel y for
the entire space prograil and—this is of ec •cntoilic significawce comlw ► le orbits
of any given accuracy with a smaller miiount of tracking data than was 11e4-41e41
before.

13. Geniiwi astrotiauts, using a siilple handheld Ilassselblad caiu • ra and tak-
ing pictures oil :I "target of opportunity „ basis, give ;I of what may
be expected as the science :m(l applications prognmi progresses. The following
are e=xamples of specific results u11r:1ined directl y  from analysis of l;eutiui
photographs :

a. A large ephemeral Like, resulting fro11i .1 recewt I: ildslide and previously
miknoww, was discovered iii the Andes Mountains of South America. Supsequent
eigineeriug analyses pointed out the instability of the slide and showed a po

-tewtial flood danger to the local population.
b. An ore deposit ill 	 Southwestern United States was locate';, and later

confirmed by a private tu ► iiing company. The value of this t ype of photograph

3
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can 1w substantiated In part by the large windier of requests for them by seining
orad l ►etrc,leum companies.

c. A photograph of northwestern Saudl Ara hie showed -in ianportar,t geologic
feature ( l arge wrench fault) not previously known. Although the area h:ul been
covereii by as photomos:dc at 10 times the scale of the Gemini photograph, the
fault was not apparent. Delineatin- ft-rocks intogross units, as was done ill
this analysis, call much time and expense in plannin g geolo;;ic prc.jects eltch
it-, petroleum and mineral exploratlon.

d. Hydrogra phic charts of the ocean have been updated in number of areas
using Gemini photogratphs, For example, the existing chart of R o mgelap Atollill 	 Pacific's Marshall Islands was found to he in error. Gemini photographs
have also lenionstratt4l the ap,.licability for cartographic purposes, ill
of maps of the Cape Kennedy r,rea.

e. A photograph taken during the flight of Gemini A' of the northern part of
the Ainadeus hasin ill 	 Australia clearly delineates three structnraal prov-
inces and all 	 number anal variety of smaller features. A uuniber of cont-
pank-s are now c•onductin¢ geophysical surveys of the plains ill worthert.
anticlinal province for the purlxase of discovering and delineating structures hav-
ing sufficient cover to retain hydrocarbons in the petroliferous sequence en-
countered in one of the structures. Seven lcartly- to cc mpletely conceu!Pd pros-
pects have now been defined in the area covered by the photograph.

EDUCATION AND NVELFARE

1. An impressive development fit 	 evolving ficld of wat ► ag-scut science is
a computerized training system called Gremex. The system v,-as devil- loped withiii
NASA to indoctrinate and train :actual inc! lwteutial R&D uaanaagers ill
making and management practices of the space agenc .

Gremex is it training exercise that portrays typical manac;enient problems and
required actions of in R&D project rra*rage, throughou, the life cycle of a 30-
month project in a simulated real -world environment. Participants in tl^e Gremex
exercise make decisions for each month of the project's lifetime and feed those
decisions into a computer for analysis. The computer, utilizing information :avail-
able to the manager, indicates the time, cost, and performance effects of decisions
made and actions taken. By successive analyses stud discussions, participants ill
the exercise learn cause and effect, and ways to improve their insigt,ts wind skills
its managers. A creation of the Goddard Space Flight Center, Gremex made its
debut before all audience in August 1966. Since then, many companies
have expressed a desire to find out how It might be adapted to their needs.
Interested inquiries have also come from the Department of Defense, and front
the University of Southern California, which has requested a Gremex deuioa ► stra-
tion to decide whether or not to include Gremex as a subject in the new Manage-
ment Laboratory of its Graduate School of Business.

2. .astronomy textbooks will soon contain strikin, new illustrations. For ex-
ample, a photograph taken from remini I\ shows the Earth's zodiacal light fro,
of the nirglow always present in ground photos. Previously, it has teen necessary
to portray zo,diac•al li ght in a dntwing ill 	 to differentiate it from airglow
and city lights and indic•a:e its true nature. III 	 Gemini photo, airglow appears
as a thin layer, with the moonlit Earth below it.

New textbooks in preparation on Earth sciences are incorporating many color
photographs taken on Gemini missions. These reveal synoptic features of the
Marth. such its huge fault lines, much more clearly than black-and-white photos do.

3. The problems and solutions associated Nvith spacecraft development make
Pxa •elletlt. e(filvatioaial material for several reasons. They :are topical, exciting.
and interesting to stadents, technically sophisticated, interdisciplinary. and intel-
lectually chanenging. They require system-level thinking and the volution r ► f
problems containing multiple variables. Man,. *neinbers of the .let Prippilsion
Laboratory staff have been instrumental ill spacecraft tcti•hnology
into engineering education. The result has loeen not only the trausfer of knowl-
edge and tcv •hniques hit also the opportunity for students to acquire a IP41ter
pers1wctive by becoming familiar with actual engineering practices.

HOCIAL AND POLITICAL

1. NASA's cooperative satellite anal soundin g-rocket progratnv with several
foreign countries are not only c,intribating to more cordial relations with those
countries but are of significant tieneflt to American industry. For instance, ]it
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1 ►irnt few years, NASA has fm-nished the launch vehicles (Scout rockets) for
scientittc satellites supplied by Canw1a, Fr;nu •e, Great Britain, IlVest Germany.
Italy, ar:d the Euroin-an Research Orgimization. For this progrnni. Ihv
foreign nations involved hate purchased, and will conlutue to purchase, mmmy
thousands of electronic par's atnil.thle • to 1114-111 only in the lTnile •el States. In 11ddi-
tion, they h.ite contracted with 1'.^. firms rot • major stibassen ► hlies (mostly elec-
tronie), gromicl checkout eluipulenr, curtain nnielne tests, 1111«1 in ninny rases
consultant sertl:ex• in tnis cooperative venture, which is still going; on, NASA
has traineel many groird of foreign scientists and engineers. Thc processes; of
training; r.nc) consnitatlon hate inevitably hrought abort better understanding
:Inlong; the peollle coti, •erned, technically, culturally, socially.:red l ►editically.

Other foreign sate • hite programs under Nay Mill r•eW ugt Ili the pure•hase of U.S.
hilinch vehicles 111141 Munch services. ('urrent plan, of iliv Emrolwan ' 4 1aice He
search Organizatioc • t i:SRt ► I can for hiiying three Delta launch vehicles for
sa!ellites that ESP,() is building. lit idditimi, tT.S. brats arc• nhannfacturing parts
and subsystenis fur those satellites.

NASA's coope rative sounding-rocket progranhs, too, bell) create lwth interna-
tio11111 goodwill 11110 nlor•e hnsiness for Anu• ri(an concerns. At lrrrsent. (here art,
cooperiltite priigranhs tti!h Canad:h, Norwily. Great i{r• iiain, swe •elen • Spain. Rest
e:erniany, India, mid P'ikistali un major sounding - roc k-vt programs. Ttie financial
henetits to thr 1'niteel states Ili these progroins ,ere not so large as those of the
sat4.11ite pr, ,gran:s, siece the casts are 1ONver. but Il ► e enhanced cordiality and
mtitiml understanding growing out of the programs, especially in developing
countries, is perhaps of even greater fnlportRnce.

Research dealing Itith hydrogen- tix i n;; bacteria for use- in bioregeneratite
life-support systen ► s for space journeys has revealed that these organisms are
adcelua!ely nutritiomhl to he used fill- important Imrposes outside the space pro-
gr:uu. Methods for cultit;tfing the hydrogen fixin g; bacteria ()it massive stele
are being devised for possihle prodiuctimr of dietary supplenhents esliove •ially for
crises of protein starvation. The supplements could l.rote to ln • of great value in
countries where polmlations are deprived of a nutritionally adequate foiKl supply.

3. The highly refined and sensitive computer programs and te •c • hnieques that
deterinine precise orbital liositions and planetary distances could 1 ►c al,l ► l^es1
to awil

'
zing data front :u:y source. These I rants and nivilloeis uonld IN-

used in :ueylic;tl diagnosis, prognosis, and treatruent: in weather l ► n41i(';iVll laid
control: in limiting; the spread of ele c trical pc,we, •-s}• stern failures: in detecting
c'011ditioms that indicate impending; epidemics: ariel in providin g early warning
of harmful seemidary biological effe cts from the area rise of inse•ticieles.

•I. A continuing problem of society has been how hest tip huge masses
of inen, information, and mate=rials for lit(, accomplishment of stwially de-
sii•chle objectives. Space exploration represents. outside of the military slruc
tur the largest „noon effort to organize scientific and te c hnological person-
nol. I'hls unique experience in combining; the efforts of the academic. ind istrinl.
and scientific communities has consequences in the fntnre for the r•cconei ► lish-
inent of katimmi goals it, nutny fields.

CONCLUsIoN

This couc•lndes the latest almilal sunimary of the practical advantages lwing
dcrited fronts the nation's hu;;e intestn+ent lit science, cxl ► lo ration. and
applications. The beaetits that this selected groiip represents are conhplermeMeyl
by an active NASA progr:a:u for spe4 •itic tr;insfer of ileels of teti • hnolog}- to
( p t her elements of the e•onomly.

The value of these exltncples, that bate been presented here In the context
of the • testinhcmt before this corun+ittee, Is to give , confidence in 4 114 . eXlstence•
of the • n ► uc • li greater but less visible channel front the space program to the
geuernl econon+y. This channel consists ilf they other methods of transfer. such
as slinniiaflou I,y our progr:uu.4 111 industry too mwv of their awl ► effort
into det • elop i 11g new and iuhprc.teel prnelucts, Other means :ire b% cross-utllixatiou
of personm • i In In ► tlh space and industrial areas: by Imillie •ation u! inuova-
tfons ill 	 pre► fessional literature: and by generall ' S11444 li ng the Irausfer
of sc •lentific and tecluhologicil discovery into the educational pre ►cesx.
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