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Foreword

Davip CHALLINOR

Assistant Secretary for Science
Smithsonian Institution

The National Air and Space Museum of the Smithsonian Institution

has joined the National Academy of Sciences in this effort to examine
the motivations, implications, and accomplishmerits of the first 25

years in space.
It is particularly flttmg for the museum to be involved in this

celebration because, according to our agreement with the National
Aeronautics and Space Administration (NASA); the Smithsonian In-
stitution receives all historically significant artifacts sent into space.
Many are on diSplay at the National Air and Space Museum, along
with such authentic test and back-up equipment as the Lunar Module
and the Viking Mars lander: Particularly notable is a replica of Sputnik
I—a gift of the Soviet Academy—which is proudly displayed in the
main entrance gallery with others “Milestones of Flight.”” It is the
only artifact in that gallery not made in the United States. We do
hope to acquire other space artifacts from abroad because space is

truly international, exceeding by far the bounds of earthly sover-
exgnty

ume is the end product of a symposium held on October 14, 1982,
at the National Academy of Sciences; whose close ties with the

is to increase and diffuse Rnowledge among all mankind. This vol-

Smithsonian Institution began in the days of ]oseph Henry, the first
Secretary of the institution and one of the founders of the academy:
That event and this volume fulfill Smithson’s mandate well.

vii
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pletion:
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Opening Remarks

FRANK PRESS
President
National Academy of Sciences

of Sputnik 1. That event triggered a sense of great inadequacy in the

United States in the area of science and technology education: The
country reacted by pouring vast sums of money into buildings, lab-
oratories, fellowshlps research and ,devel,oprnen,t, programs, and re-
vised school Ciji'i'ibiilé Twelve yéi'ré later the Apollo spébétraft landed

many times have we heard “we need another sputnik” to galvamze

the nation to do this or that? Just recently a cabinet officer said, “We
need another Sputmk to trigger a vast reorganization and improve-
ment in the nation’s precollege science and maih edication pro-

grams.” -

1mprovements in so many areas today, 25 years after Sputmk and

igger a national resporise_to some of these issues

and problems" I do not believe it will be another sputmk but it may

be the new technological competition between the industrial allies.
The past 25 years in space have largely been a story of competition

and cooperation between the United States and the Soviet Union:
The next 25 years w1ll be more d:ff:cult to charactenze, w1th the entry

growmg competition commercially and growing cooperatlon scien-

tifically in space programs: We will probably see major ventures that

xi
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xii  Opening Renarks

aré jointly planned, constricted, and financed by many nations in
the area of scientific research in spacé. And perhaps, Sometime in
the next centurv; a world space program will lead to major missions;
perhaps manned, to one of the planets: :

There was a direct connection between the initiation of the space
age, the National Academy of Sciences, and the International Geo-
physical Year (IGY). The launch of the early satellites was one activity

among many carried out during the International Geophysical Year,
which had its origins at the home of James Van Allen in Silver Spring;
Maryland. Academicians Lloyd Berkner and Sidney Chapman were
present and thousands of Scientists ult:mate]y participated, not erly
in the 1GY but in subsequent programs like the International Hy- -
drological Decade 'nd so on. The academy played a major role in
organizing and implementing U:S: participation in the IGY and these
other programs.

This symposium, then, addresses the motivation for the explora-
tion ot space, assesses the accomplishments of the past 25 years,
and evaluates their impacts on society. There are many stimulating
and challenging presentations and discussions:

It is a day of history, and it is a day of looking forward to what

the futiire will bring.

NoteL W. HiNNERS
Director : T
Goddard Space Fllght Centeér

In one previous incarnation | was the director of the National Air
and Space Museum. Indeed, it was at that time that we began work-
ing on the development of thls symposmm Now, w1th a sense of

this type of endeavor: Do rtl)giauthors feel that they have produced
fair value for the time expended in writing their papers? Will the
.udience perceive that they have participated in soinething more

than an exercise of self-congratulation?

i0
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To arrive at a fair assessment of these questio'1s; one must know
how this symposium was conceived: First, the octcasion of a 25th
anniversary for the space age presented a convenient excuse (if you
will) for tal\xn;, stock of the causes, initiation, development and
rewards of space exploration. Twenty-five years is, I believe; a suf-

ficiently long time for the beginnings to have ripened enough to
warrant a decent hlstoncal evaluatlon On the other hand the time
still available to lend firsthand data aind 1mpressnons to the account.

The intent is also to celebrate an amazing accomplishment of hu-
manity, brought about by a combination of political, scientific, and
technological resolve. The lasting beneficial fruits of the first 25 years
of space éxploration, I think, reside in the contnbutlon to oiir store
of basic l\nowledge and to an uplifting of the human spmt The two

It was our desire to temper the retrospective look with constructwe
criticism, lest we not learn from experience, and 1 would conjecture
that perhaps the most significanit lesson will be that the details of
history are unlikely to recur. Thus, rather than yearn nostalgically
for the good old days, let us resolve to develop new ways to give

meaning to a S0th-anniversary assembly here by our descendants in
the year 200/ Its cosponsors should also be the Nanonal Academy

of free scientific 1nqu1ry, and the National Air and Space Musetin,
chronicler, preserver, and interpreter of the historical context in which

space e\pioratlon occurs:
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4 The Motivations for Space Activity

Conspicuously missing from this early listing was the potentlal of
applying space technology to produce societal benefits and com-
mercia) payoffs. Even with this addition, today’s list of motivations
for space activity would difter little from that of a quarter of a century
ago:

- scientific discovery;

« national security;

» national image; and
+ beneficial applications.

What is controversial—then and now—is what priority shoiild be

given space activity among other uses of advanced technology and,

within the realm of space efforts, which motivations should carry
the greatest weight. This symposiim should help us think through

these contmumg lssues

motwatmns for hu’m"a”n' actmties in space Thus it is qulte appropnate

that this first séction consists of contributions from a scientist, a
soldier, and a sociologist, each of whom has an extremely broad
perspective on the interactions among science, technology, and pol-

icy that condition so much of contemporary human affairs.

The focal pomt of the section is a most thou'ghtfruli paper by Harvey

Brooks on the motivations of the U.S. space program: Harvey Brooks

has been omnipresent in the U. S research system over the past

quarter-century, and the country is better off for his involvement.

He is a physicist by training; and most of his professional careet has
been at Harvard, where he was the Gordon McKay Professor of

Apphed Physics from 1950 to 1975. No advisory committee is com-
plete without his. involvement somewhere along the line: He was a
member of the PSAC during its most exciting years, 1959-1964, and
he has been active in all arenas of international science policy. Brooks
is a member of the National Academies of Sciences and Engineering,
the American Philosophical Society, and the American Academy of

Arts and Scnences, of Wthh he is past pre51dent

1966 with the rank of General. As the commander of our ICBM

14
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d with the development of the
U:S: strategic missile capability in the 1950s; and he headed the Air
Force Svstems Command from 1959 to 1966 in both posmons he

uses of space, and he has continued to speak out on this issue in
recent vears as he pursues a second career as a top-level management
consultant:

After a long career at Columbia University, Amitai Etzioni two
years ago become the first University Professor at my home insti-
tution, George Washington University. He is hard to categorize; a

sociologist by training, he identifies himself as a polltlcal sociologist

or macrosociologist. But those who are familiar with his work know

that Etzioni’s driving curiosity and range of intellect have led him
to explore every facet of contemporary life: Perhaps the title of his
most recent book suggests the breadth of his coricern: An Imniodest
Agenda. A recent survey found him the most cited academic analyst
of public policy over the past quarter-century.

Et21on1 fll‘St turned hlS attentlon to the space program in the eariy

ation.

When I was writing of the decision to send Americans to the moon,
I came to a conclusion that seems relevant to the subject of this
sectlon Like all ma]or pohcy chmces Pre51dent Kennedys Apollo

Through that commitment, "'the pohhcs of the mioment becarmie hnked
with the dreams of centuries and aspirations of the nation.” What

appears lacking in space palicy today is a link between continuing

national motivations for undertaking activities in space and the prior- -

ities of the time. Perhaps these contributions will help us decide
whether this link should be repalred.

15



Past and Future

Harvey Brooks
Division of Applied Sciences
Harvard University

INTRODUCTION AND EARLY HISTORY

Man ’s escape from earth to explore space had appealed to his xmag-

techinological revolutions of the 20th century, the adventure in space
was essentially a 19th-century dream. That dream was based largely
on technologies understood in general terms at the time, although
its practical realization required 20th-century developments in many
ancrllary technologres (materrals electronrcs r'aaéE, r'éala cofnﬁu-

he wrote about it with considerable technical realism. H. G. Wells
also envisioned space travel. Indeed, 19th- -century fiction reveals
much more foresight about space travel than about air travel, which
actually required a good deal more really new science than did space.?

The motrvatrons of the ploneers who created space technology

on a large scale. The vision of the ploneers was always man- 1n-space
and man’s exploration of the solar system. If this had to be achieved

under the guise of military necessity, the early space engineers were .

prepared to suppress their real priorities in order to convince gov-
ernments to support them. In the beginning at least the military
applications were probably largely tongue-in-cheek. Even Wernher

von Braun and his team in Germany appear to have been interested

6
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mainly in space exploration; and saw the V-2 program as the most

polltlcally feas:ble flrst Step toward the reahzatron of that dream 2

by then an Amerlcan, was eager to move his team into the civilian
space effort.

Space, like atomic energy, was a technology that started in the
military; but eventually reached 2 point where the development
priorities for military and civilian applications began to diverge: In
the USA the ﬁrst Serious thlnklng about the p0551b111ty of orb1t1ng

ration in 1946. A Rand report of that year foresaw with uncanny

accuracy the worldwide political effects that might occur if a relatively
backward power such as the SoV1et UI‘IIOI‘I were to succeed in orbltrng

Air Force to mount an effort to foreclose this possibility. 3

However, at that time the political significance of spectacular high

technology per se was not apprec1ated and rocket technology con-

appllcatlons Accordlng to the Rand report the satellite was a feasible
device but not a mllltary weapon Because it was not a weapon w1th

climate of the 1940s to make funds available for its development In
vain did the Rand authors plead that; “’in making the decision as to
whether or not to undertake construction of such a craft now, it is
not inappropriate to view our present situation as similar to that in
airplanes prior to the flight of the Wright brothers. We can see no

more clearly now all of the utility and implication of spaceships than

the Wright brothers could see flights of B-29’s bombing Japan and
air transports circling the globe.”* They concluded: "It is therefore
recommended that the satellite be considered not as an academic
study but as a project which merits planning and estabhshlng of a

prlorrty in the research program of the Army Air Force.”

No near-term military use for satellites was foreseen in the 1950s,
and development though not dropped was glven low prlorlty The

17
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was not permitted to use a military booster for fear this would detract
from the more urgent ICBM program. 5 Similarly, 20 years passed

before engrneers and polxtxc:ans gave any serious condition to Arthur

Clarke’s proposal for a geostationary communications satellite.

THE SPUTNiK SHOCK

The Soviet launching of an orbltmg satellite in 1957, using a military
booster, completely transformed the climate of leadership opinion
not only in the United States but around the wotld, amply confirming
the predictions of the Rand authors. Not since the explosion of an
atomic bomb over Hiroshima had a technological event had such
1mmed1ate and far-reachmg polltlcal fallout Sputmk 1 was an extraor-
its 51gn1f1cance was enormously exaggerated not just by the med1a,
but by a good many who (in the wisdom of hindsight) should have

known better In fact, its technological and scientific significance was

overestimated; its political and psychological effect was not: Typical
was the comment of the elder statesman Bernard Baruch: America
is worried. It should be. We have ‘been set back severely not only
in matters of defense and securlty, but in the contest for the support

Hall: “"Soviet satellite successes more than fulfilled the overall poht-
ical/psychological expectations [of the Rand report] in reverse. It
precnpltated Congressnonal 1nvest1gatlons 1nto Unxted States mlssxle

recommended: Bitter accusatlons on the ‘missile gap were traded

among top military and administration personalities, followed by a

number of resignations of key personnel in the military services.”
However, the political effect would probably have been far more
lasting if America had not risen so promptly and v:s:bly to the chal-

Sputnik I and Soviet space achievements of the subsequent séveral

years created a crisis of confidence in Amerlcan power and moral

leadershlp The event was taken by ehte oplmon everywhere to

18
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values and pi‘ibi'itiés in fields fafigihg from education to consumer
tastes: The tailfins just appearing on the latest models of American
cars became the visible symbols of U:S. decadence and the misal-
location of our engineering talents. In quick succession there follow2d

the Natlonal Defense Educatlon Act, des:gned to 1dent1fy and recrult

'=.UltS, the curriculum reform movement for science in the schools;

the transfer of the President’s Science Advisory Committee into the
Whlte House, w:th a full t1me science adv1sor reportlng dlrectly to

an unprecedented emergence of science and technology issues into
the political rhetoric of the candidates: All of this finally culminated
iri 1961 in the Kennedy commitment to land men on the moon and
return them safély to earth by the erid of the decade, a commitment
which passed the Congress with only one dissenting vote and which
was universally applauded by the press and public and most of
educated public opinion around the world.*

_ The scientific community viewed all this with some ambivalence:
It was nice to be loved and tamous but all but a few space scnentlsts

should be spent on more valuable science rather than technologlcal

5pect’1cul’1rs The amblvalence of the sc:entlfxc commumty surfaced
mittee, a dlsagreement that received little attentlon at the time. The
committee felt that the investment in the Apollo program could riot
be justified in terms of the scientific results likely to be obtained and
Kennedy was aware of this: He told his science advisor, however,
that Apollo was not a scientific but a political project, and they agreed
to avoid a confroritation by riot asking the PSAC’s advice.’

Both Kennedy and the PSAC were probably right. If government
expenditures for research and development could be viewed as a
fixed sum of money to be allocated optimally among scientific proj-

ects clearly no sc:entlst probably not even a space scientist, wouid

money is not fungible, espec1ally under crisis conditions. The effects

18
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10 The Motivations for Space Activity

of 'c'riseé 'o"n’ §'ci'e'ri'c'e have b’ee’n muth more to i'ri'cre’a’s’e the size of the

new prxorities In retrospect; it seems falrly clear that the Apollo

program, far from competing with federal support of science; pulled
the level of science support up with it:

Ftirtherimore, Kennedy was probably correct that circumstances
demanded a highly visible and easily understandable demonstraiion
of American technological prowess to offset the psychological dam-
age not only of Sputnik, but also of the Bay of Pigs fiasco and the
confrontation with the Soviets over Berlin: Apollo provided the means
for stich a demonstration without directly threatening the USSR or
raising public fears of a military confrontation. It was like a challenge
between the champions of two medieval armies; the race for the
moon serving as a partial surrogate for more threatening forms of
competition.

In fact, the United States responded to the perceived challenge of

Sputnik in both military and technologlcal terms. The early 19605 saw

man; and defense spending reachec. a peak as a fraction of the gross

natlonal product not tamed befOre or since: But the VISIbIhty of the

the mllltary competltlon and helped to avoid an even greater mili-
tanzatlon of American society t‘*an ‘might have occurred

19th-century European partlcularly British technology not only pro-
vided the instrumentalities for colonial penetration of much of what
we now call the Third World, but also conferred on the colomzmg
societies a sense of moral superiority derived from their technological
superiority:'” They came to feel that their technological prowess de-
rived from their moral superiority, and this armed them morally to
undertake great hardships and risks in bringing “’civilization’ to the
less developed world. There was probably also an important moral

dimension to the Apollo achlevement Wthh was of the same char-

led to the embroilment in Vietnam by the end of decade. An element

of this same moral dimension exists today in the feeling evident

throughout the world that the mysthue of high technology confers

20



Haiveyj Brooks 11

political legitimacy on a nation vis-a-vis other nations; thus, every
government feels constrained to demonstrate its mastery of certain
techniologies without becoming dependent on others for them: It is
not too far-fetched o suggest that in most countries the mastery of
high technology is perceived, at least in part, as a demonstration of
civic virti:e

of more faltering American political commitments to energy inde-
pendence, the elimination of poverty, and cleaning up the environ-
ment—is the fact that the Apollo commitment was sustainad with
so little change over a period of more than eight years of pohtlcal ‘

turbulence and a “sea change of natlonal mood. This is Iargely due

to the fact that Apollo was an easier goal to accomphsh but it also

not the case with any other American technological commxtment
outside the defense field; which enjoyed the advantage of being

partially screened from public scrutiny by the cloak of security clas-
sification.

THE PRINCIPLES OF THE AMERICAN SPACE PROGRAM

formulated in the 1958 Space Act have remamed nearly constant to

It is surprising that the underlying principles of the program as first

« the separation of military and civilian space activities;
« a high degree of openness in the program, a strong emphasis on
public information, and a willingness to expose mistakes as well as
successes;

* a strong international orientation (The Act declares that the USA

is to exploit space for “‘peaceful purposes for the benefit of all man-

kind” and it mandates “cooperation by the U.S. with other nations
and groups of nations.”” However, this cooperation probably implic-
itly presumes ‘preservation of the role of the United States as a
leader in aeronautical and space science and technology.”);' and

2
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12 The Motivations for Space Activity

s a government-directed program managed by civil service labora-
tories, but with more than 80 percent of the activity delegated to a
host of contractors and subcontractors. (This follows the mandate of

the 1958 Act to have “‘the most effective utilization of the scientific
and engineering resources of the United States,” and follows the
pattern originally set by the Offlce of Siclen,tlflc, Research and De;
velopment {OSRD) during the Second World War and later copied
in the legislation establishing the Atomic Energy Commission; the
National Science Foundation, and the National Institutes of Health:)
~ Siich a pattern of devolution of manageiment was particularly dif-
ficult in a program as focused and integrated as Apollo. It required
the orchestration of hundreds of quasi-autonomous; private organ-
izations, under contract not only in connection with devdopment
des:;,n, 'and construchon, but also for the conduct of actual fhght

high- technology undertakings and is perhaps the most unique con-

tribution of the space program to the art of management 13

TENSIONS AND CONTRADICTIONS IN THE ORIGINAL
PROGRAM

The national debate that led to the 1958 Space Act and subsequently
to the striictiire of the Apollo program revealed a niuimber of tensions
and contradictions, which have remained a persistent thread in the
subsequent evolation of the U.S. space program. They are still very

much in the for:zfront of the national discussion about its future: I
l. 3 them here as background for a Subsequent analvsxs of how the

sc:entlsts beheved that man’s presence in space was unnecessary for

the achievement of any rational objective in a national space effort:
They felt that all the scientific objectives of the program could be

22
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by using uninanned vehlcies thh 50ph15tléated avtomation and re-
mote control through communications links to earth: It was conceded
that thls mlght entzul a con51derably longer program, buit onie with
ment on the spot outwelghed the risks of a much more embarrassing
fiasco should lives be lost in a space mission. In the end it was
probably the political imperatives of beating the Russians on a con-
strained time schedtile that won otit, though the romaritic dyeam of
the Scierice fiction writers undoubtedly influenced this preference.
Throughout the debate there was also the persistent fear of the

scientific community that the inevitable budgetary overruns in a large

probmm w1th 50 many techmcal rlsks and uncertamtles would end
penments-—somethmg which, to some extent, probably did happen.

2. A civilian vs. a military space agency. The question was debated
as to whether it was realistic to try to separate the civilian and military
space efforts when they had so many underlying technologies in
common. Would a c1v111an space agency lead 1nev1tably to wasteful
what many saw as a more urgent m111tary éffort? Given the overlap
of technologies; what would have to be under security classification
in the civilian agency in order to avoid compromising U:S: military
capablhtles in space" These 155ues arose acutely in the debate be-
moon lahdihg strong argument of those favorl,ng the earth orbit
approach was that the resulting technological capability more readily

extrapolated to military applications: Although this issue quieted
down with the trlumph of the lunar orbit approach it has once again
cormie to the fore with the advent of the shiittle and the perceived
increased attractiveness of carrying m111tary and civilian payloads on
a single platform (not ;ust the shuttle).

3. International orientation of the program. Of all the program’s fea-

tares this was probably the least questioned at the time, in part
because the U:S. lead in space technology seemed unassailable, ex-
cept by the Soviets, and in part becatise politically the U.S. needed
measures to deempbhasize its perceived role as being interested largely
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in military power. Since the goals of the new U:S: space program
were avowedly polltlcal rather than m111tary, 1t made sense to stress
American approach to the political n\alry with the Soviet Union.
That approach had begun with the Marshall Plan and extended through
the Atoms-for-Peace initiative and most recently the Eisenhower “open
skies” proposal. In each of these examples the United States had
gone out of its way to stress the nondiscriminatory nature of its_ offer
to share its technological capabilities with others with minimal em-

phasis on political preconditions: For example; the offer of Marshall

aid originally included the Eastern block, but the USSR rejected it
Atoms-for-Peace was offered to all comers, and the “open skies”

proposal was to embrace all nations. This approach was more con-
sistent with the concept of leadership embodied in the Space Act,
rather than with hegemony, which was advocated by enthusiasts of
the military emphasis in space:

4. NASA as an R&D rather tlmn an opemtn.r-’ ‘agency.. ThlS problem

Operations almost nobody anticipated how quickly this would hap-
pen. Therefore, the question of who should be respbnsxbie for op-

debates leading to passage of the Space Act. The only NASA re-

sponsibility that could be described as operational involved launchmg

and tracking, but as long as this served primarily experimental and
research functions it could be viewed as a support function rather
as an operational responsrbxhty Even Apollo, though operational in
a sense, was too experimental to present problems: There were no
users outside of NASA itself, and the hardware was largely hand-
made rather than mass-produced:

Nevertheless, the question of operations responsibility quickly be-
Came an issue as, f1rst weather observatlon, then commumcatlons
forms became practxcal poss:bllmes for routine Service operatlons
Each offered an alternate means of providing a routine service that
was already being furnished by other government or private agencies
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involved competitive jurisdictions between NASA and existing gov-
ernment or private organizations.

Becatise its responsibility was to generate techno]ogy, not to use
it, NASA tended to give rather low priority to the requ:rements of
potential users. It remained a “technology push” rather than a “‘mar-

ket pull” organization: Unkind critics described INASA’s function as
generating “’solutions looking for problems,” which is, of coiirse, a
problemmn that exists withini the developmenta] part of any high- -tech-
nology enterprise. Problems of transition to commercial application

are always difficult, in part because improvements in technology
take place more rapidly than revenue from operations can recover
tlie costs of development: In the case of NASA, the transition prob-
lem has been exacerbated by the circumscription of its mandate in
the original legislation, and by the fact that the appropriations struc-
ture of the federal government makes no distinction between in-

vestments that produce revenue or utlhty streams over tlme and

richment services and radloachve waste management. In a sense,
some of the problems faced by the space program have been the

product of its own sucresses, which were not sufficiently well planned
for

of the space program. We will consider therm in sequence.
[ i

MANNED VS. UNMANNED SPACE PROGRAM

~ Mani 1n-space continues to have a great popu]ar appea] as evi-
denced by the revival of public enthusiasm for the space program
that accompanied the first successtul flights of ithe shuttle.!* Manned

exploration of the near planets remains a glamorous and appealing
goal d seriouis scxentlsts contlnue to ta]k of _space co]omes and

was belng debatiid in the 1mmed1ate post- Apo]lo penod the nation
gradually became committed to the shuttle as the next major step in

o
11
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manned space technology. But, at the insistence of the Vice Presi-
dent, as chalrman of the Space ’fask Group of 1969 the option of

ferred. ' . ) o - -
However, in the 20 years since the first commitment to Apollo,
tremendous progress in electronics, sensors, automation, and com-
munlcatlons has transformed the comparative advantage of men and
machines in space so that more people than earlier can questlon
whether there is any legitimate practical function for man, apart from .
the ever-present elements of popular appeal and political posturing:
Does man have any incontestable advantages in space, rather than
on the ground at the end of z sophisticated communications link?
‘Man does have one advantage: on location in space he can be part
of a feedback loop with a much shorter time delay than if he were
on earth. Although one can envision ever-increasing sophistication

of both instrumental sensing and manipulation on, say, a planet,

with man'’s judgmental capacities being injected at the earth segment

of the loop, there is a communications delay set by the velocity of
light that cannot be compensated for by even the most elaborate
signal processing of the time-varying data that come back from the .
planet: Events on the planet that cannot be extrapolated from recent
history over the daration of two-way communications cannot be

handled by a human operator on the ground: The question is whether

such dlscontmuous events are Sufﬂciently frequent or 1mportant in

———remote exploration possrblhtles This is a difficult question:

An important argument favoring the unmanned approach isthat—
the technology is more likely to be adaptable to subsequent beneficial
terrestnal apphcatlons What can be learned from the challenge of

principle much more d1rectly applxcable to siich operations as aa-

tomated or remotely operated factories on earth. One can even imag-

ine automatic manafacturing systems capable of replicating them-

selves remotely in new locations: Indeed, this has already been

suggested in connection with the possibility of buailding remote in-

.dustrlal operatlons in the deep oceans, at great depths in the earth;,

2
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ments, fll‘Es, or po:sonous atmospheres By contrast the technology

miiich more s,pec17allzed and less obvnously or ea,slly extrapolated to
terrestrial tasks. Of course, there are incidental things to be learned
from observing human responses under conditions of weightless-
ness, but the benefits are relatively small in relation to the cost of

developing and implementing the technology:
The problem of budgetary overruns in costly manned programs
dlsruptmb plannlng and program contrnurty for unmanned science

has become even more acute with the shuttle. This is because budg-
etarv strm;,enue s are much more severe than they were in the 1960s:
Moreovi er, thls 51tuat|on seems unllkely to change in the foreseeable

t|tlement programs, programs whose growth—because of the pollt-

ical forces present in all industrial democracies—can at best be slowed
but not reversed

ets less than one-fifth of those being devoted to space by the United

States. Perhaps the USA is undermining its own long-range capacity
for commercial competltlon in the provision of space-based services
by allomng its science and applications programs to be disriipted by
budgetarv ‘crunches.” Such disruptions are not the fault of the

programs, but the result of fiscal restraints combined with the mas-

blveness ’md 1nflex1b111t5 of manned programs The problem is not

strained w1thout serious risk to the techn1cal success of the program,
no matter how much the original cost may have been underesti-

mated: Would manned space efforts continue to enjoy such high

priotity in the United States in the absence of competition with the
Russians? If the USA were to devote the same effort to applications
and sciences (as well as to basic aeronautical technology, which is
also a NASA responsibility), the long-term benefits to its competi-

tiveness in high technology might be greatly enhanced. Perhaps
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ers, communications, and remote sensnng satellites is a consedquience
of the inflexibilities in the U.S. space program caused by 1nternal

comipetition for resources associated with the space shuttle.!
There is no clear, long t;rm solutlon to thls problem Budgetary

NASA programs rather than with other government programs of
lower priority—no redson, that is, except long habit and bureaucratic
tradition. And it is likely to continue to spark intense debate, es-

pecially as financial resources for space activities become increasingly
constrained. Moreover, the politicians are likely to take the side of

the manned Space activities, as in 1961, whereas most, though by
no means all, of the technical community is likely to favor the ma-
chines. "

The issue for the future is not so much the use of the now-available
shiittle technology to enable mmen to service, repair, or replace equip-
ment in earth orbit. That technology is here and will undoubtedly
improve and become more cost-effective and reliable with time. Rather,
the question is whether there should be any further development of
manned capabllltles e.g., for deployment in geostationary orbit, or
ultimately for planetary exploration, or for permanent space stations.
Siich developments incur future opportunity costs against automated
alternatives. Perhaps the development of manned capabilities should
be considered only after the exploitation of particular Space sites

through automated and 1nstrumented means appears to be reaching

circumvent. In other words manned Space activities mlght be driven
by market pull generated from unmanned activities, rather than by
the technology push of what is within the current state-of-the-art,
as it clearly was in the Apollo case and to a partial extent in the case
of the shuttle. Such a scenario would assume that the incidental

pohtlcal beneflts of manned actmties are too tranSItory to warrant

nical reqnlrements after unmanned alternatives have been thor-
oughly assessed.
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CIVIL VS. MILITARY SPACE PROGRAMS

In my opmlon the separatlon of civil and mlhtary Space activities
has served the country well so far. Such a separation may be more
difficult to maintain in the future, although I believe it is worth trying
to do so. What will make the separation more difficult is the com-
bination of budgetary pressures with the perceived economies of
simultaneously using a single space p]atform or vehicle for a vatiety

of different missions. Hence, the issue is not only civil vs. military

but that of multimission platforms and vehicles in general. There is

a question of whether the apparent economies of combining missions
are rea] when the transact:on costs ansmg from managena] com-

compromises necessary for satlsfymg mu]tlp]e mission requlrements

are fully considered: The emergence of foreign competition in launch
services vis-a-vis the shuttle may be an indication of competitive
problems, which will appear with increasing frequency if the mul-
tipurpose mission approach is. pursued too exclusively.

In addition; the marriage of military and civilian missions in the
same vehicle or platform introduces further complications. There are
likely to be continual controversies over classified information and
the access of the managers of civilian payloads to mission information
they feel is necessary for effective management of their particular

package. Where secrecy is necessary there is likely to be friction,

especially when foreign payloads are involved.

Efforts of the United States to combine military and civilian pay-
loads are likely to stimulate foreign countries to develop independent
capabilities. The combination with military programs will be seen as
lowering assurance of available flight opportumtles, and nations un-
sympathetic to U:S. security objectives or foreign policy will see
themselves as compromised by taking advantage of partially military
space vehicles. Blending of civil and military missions will almost
certainly undermine the principle of nondiscriminatory availability
of American technological capabilities, which was implicit in the
original concept of the 1958 Space Act.

The development of mdependent foreign space capabilities has

both benefits and costs. The benefits arise from breaking the us.
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monopolv on certain capabllmes and thus stlmulatmg a more in-

vehnc;e managers. The consumers pf Space services, both Amencan
and foreign, would probably benefit from the more competitive sit-
uation. Against this must be offset the economic costs of unnecessary
duplication of development effort and investments. It is not clear
which types of space services are best treated as “natural monopo-
lies” and thiis provided cooperatively, and which are more naturally
competitive. In either case, it would be ironic if U.S. efforts to save
budgetary costs by combining military and civilian space activities

resulted in the further stimulation of foreign competition, even if

that might ultimately benefit the potential users of space services:
Siich foreign competition is clearly an unintenided consequence of
present U.S. policy, and probably inconsistent with its desire to
prevent the acquisition of militarily significant space capabilities by

other countries. If a more competitive environment in space is in-
trinsically desirable, the militarization of the U:S: space program is

an awkward way to effect it.

The long-term political liabilities from 1nterm1nglmg mllltary and
civilian activities in single space missions are difficult to define; but
they should be given more weight than they have recently in the
United States:!® The transfer of technology between military and
civilian activities, on the other hand, is probably beneficial to both
and does not carry such political liabilities. In particular, the adap-
tation of military technologies to civilian applications, as in com-
munications (utilization of the 20/30 MH band, for example); remote

sensing, and navigation, can improve the image of the overall space

program whlle expedltmg valuable C1v1han developments Transfer
It is ‘also less hke]y to be visible, so that it will raise fewer po]mcal
problems.

The political liability stemming from combined military-civilian

mlssmns w1ll also depend on the partlcular military apphcatlon that
nahonal understandmgs.wFor examp]e, g;ven,xjecogrutlgnr unrder txjeaty
of the legitimacy of “‘unilateral means of verification,”” the launching
of intelligence-gathering satellites from the shuttle or other platforms
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would probably not raise serious problems On the other hand, the

use of the shuttle or other platforms for experiments with laser or

particle beam devices for ABM or anti-satellite purposes might be
\1ewed as contrary to the spmt, 1f not the letter, of ex1stmg mter-

satellites capable of provxdmg ships with the precise information
necessaty to launch silo-killing missiles would raise serious problems:.

Any defense experimerits on an otherwise unclassified mission
might raise exaggerated suspicions as to the type and amount of

military work being done under the guise of “peaceful” space activ-
ity. There is a considerable political advantage in being uncompro-
mxsmgly open, without even minor exceptions. Orie can only point
to the permanent damage to U.S. and world oceanographic research
done by the revelation of the use of oceanography as a “cover” for
intelligence activity in the Pueblo incident. Even American scientists
are likely to have qualms about ”plggy-backmg” their experiments
on space missions that are widely suspected, ]ustlflab]y or not, to
have a primarily military purpose, especially if this purpose is con-
cealed or suspected of being concealed.

Moreover, the United States probably has a basic interest in avoid-

ing enlargement of the domain of potential military conflict in space

because it has more to lose than to gam from such eniargement In

Although this situation may exist for a year or two after the mtro-
duiction of a new weapon, it is probably very temporary, since the
other side is likely to match new capabilities qulckly

It is therefore more reasonable to assess new weapons proposals
on the assumption that the resulting capability will be available to
both sides. Under these circiimstances the United States may be at
a relative disadvantage, as happened; for example; with MIRV tech-
nologv or at best both srdes _may end  up. less secure than if neither
any new space-based military capablhty that, if available to both
sides, would still be advantageous to the United States. The only

exception appears to be tinilateral mtelhgence gathering capabilities,
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which are relatively more advantageous to the USA because of the
Secrétiveniess of its adversaries.

INTERNATIONAL COOPERATION AND TECHNOLOGY
SHARING VS. COMPETITION

Its willingness to make its space capabilities available to other
nations on a largely nondiscriminatory basis has been of great po-

litical benefit to the United States: There is, perhaps, more doubt as
to the economic benefits of this policy; but on the whole cooperation
in space has been a posntlve-sum game in which all have reaped
benefits. Thus, the sharing of space capabllltles probably remains
advantageous to the United States both politically and economically;

provided the country is prepared to continue investing enough to
maintain at least a modest technological lead over its potential space
service competitors. On the other hand, if potentlal competitors are
prepared consistently to outspend America in Space technology, then
sharing present U.S. technology may merely accelerate their capacity
to gain the lead:

However, some competition in space is likely to benefit all users
of space services by stimiilating innovation. One qualification of this
statement occurs when economies of scale would permit savings
through many nations combining for the use of a single facility, as,

for example;, was the case with Intelsat. Where such economies of

suale ex:st natlonally based competltlon may lead to wasteful du-
ellite field.?' Such economies of scale arising from joint use of space
facilities are particularly beneficial to smaller and less developed
countries:

Another qualification may occur when some form of saturation
exists, as is now occurring in the case of geostationary orbit/frequency
slots. Where parking orbits are in short supply, unnecessary com-
petition can be very destructive and can lead to accusations of dis-
crimination and political conflict; as is also beginning to happen in
the communications field: On the other hand; the shortage of parking
orbits for telecommunications may be a temporary situation, which
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further advances in technology will alleviate. Although the United
States has argued this in international forums, it has not backed the

“irgumehts thh mveétﬁiehié lh fhe iieéeéééiy technologles z

routine services. A multinational corporate institution like Intelsat,
even if it has to receive subsidies from participating governments;

offers the greatest ﬂexxblhty and mcentlves to meet the needs of

to convince the Intelsat board that their national systems will not

injure Intelsat revenues: But the political pressures for the board to
interpret this requirement liberally for the sake of peace may even-
tually become overwhelming.>?

France is now expected to put up its own remote sensmg satellite
(SPOT) with capabilities exceeding in some respects those of the U.S.

Landsat D: Services of this satellite will be available to all comers,
with more flexible institutional arrangements and service assurances
than the u.s. government Seems likely to prov1de for Landsat. The
European Space Agency (ESA) will offer an expendable launcher as
an alternative to the shuttle, again with more flexible institutional
arrangements. It already has several U.S. takers, although the recent
failure of a launch of Ariane may change attitudes: At this stage these
ev1dences of competltlon in space se services may be healthy They may

government, On the other hand the prospects of competltlon in

space, especially if based on heavily subsidized ’national champion”

mstxtutxons lxke Arxanespace, could lead to a wasteful kind of com-

petltlon—where it is economlcally and technlcally desirable—take
place between muliinational entities; rather than on a national basis.

Such entities could be owned and managed by groups of govern-
ments or invclve combinations of private and public multinational
ownership. Such an arrangement should lead to less destriictive
kinds of competition. A possible model exists in the international

(o)
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creasirigly becommg multinational, with joint ventures; co-produc-

tion, and foreign sources of key components and technologies from
many different coiintries. This is happening in the aircraft industry
because both the technical and financial resources requ:red to de-
velop and deploy a modern commercial aircraft are taxing the means
available to even the largest national economies.* This situation may
be even more true of space ventures, mcreasmgly as such ventures
become more ambitious and the size of the U.S. economy shrinks
in relation to the rest of the world

tions, where an important fraction of total revenues may be recovered

from users in several different countries, this situation could apply

as well to scienice and exploration undertakings, where governments
supply most of the resources. The cooperation between the United
States and Europe (mainly Germany) on the Spacelab package for

the shuttle has already set a precedent in this direction.?® Further-

more, after more than a decade of false starts several European

countries have finally achieved a viable and apparently successful
mode of cooperating among themselves in the European Space Agency
(ESA).* This cooperation could become a model for the full inter-

nationalization of space activities with an increasing number of ad-
herents, much after the fashion of Intelsat: Because such international

actlvmes are more awkward to ) manage than natlonal ones; in some

tween countnes is much more difficult than on national budgetary

commitments, and so the complexity of multinational operations may

be largely offset by the greater commitment and stability that might
be achieved in an international framework.

Space is inherently a global technology. The essential activity takes
place in a global “commons’ outside the sovereignty of any single

nation; it requires a high degree of cooperation among installations

all over the world, ranging from tracking stations to ’gixj;oiuind terminals
and international data management centers. Thus, space is an ideal
candidate for a multinational corporate form. In a sense the oil pro-

duction and distribution system has become a global techno]ogy and
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has evolved such a muitinational corporate form;, but the parallel is
far from pertect

8]
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4(4) (Thc
later cxpanded and rcpubllshed as E. M. Emme, ed., 1964 Thc Hxstury of Rocket
Technology, Wayne State University Press in cooperation with the Society for the
History of Technology, Detroit, Mich. Subsequent references are to the original
Technole 3y and Culture 1bsugl)

bc foohsh to thmk at ihat hme the Germans h

. W. R. Dornberger, 1963, “The éermanr ) ’f 1bxd PP- 393309 Eg , "It woiild
d

ad any efinite idea about what
groiip. dreamed abouit

7777777777 itial, sr

long-range rockets and space ships. But they did
what would happen later. They just started with a power plant” (p 396).

. R. C. Hall, 1963, “Early U.S. Satellite Proposals,” ibid., pp. 410-434. Project Rand,

Prelinisary Design af an Experintental World-Circling Spaceship, Santa Monica, May
1946 as follows: ~To visualize the impact: on_the world, one can imagine the
sternation and ‘admiration th’at would be felt here if the,U.S. were. to discover

“Since the United States is far ahead of any.country in both airplanes. and sea

power, and since others are abreast of the United States in rocket applications,

we can expect strong competmon in the latter field as being the quickest shortcut
for t:hallenglm.2 this country’s position.”

. Quoted in ibid.; p. 419._See also D. Deudney, 1982, Space: The High Frontier in

Perspective, Worldwatch I’aper 50, Worldwatch Institate, Washington, D.C; Au-
gust 1982.

. J. P. Hagen, 1963, “The kamg and the megxmrd ” pPP: 435-451 in Emme; History

of Rocket Technology. Cf. especially: “'The letter from the Secretary of Defense
[authorizing Project Vanguard Sept: 9..1955] stated clearly that what was needed
was a satellite [i.e. one] during the 1. G Y. which was to end in December 1938,

and that the Vanguard program was in no way to interfere with the on-going
military missile programs” (p. 439).

. A. C. Clarke, 1945, “’Extraterrestrial Relays: Can Rocket Stations Give Worldwide

Radio Coverage”’ Wireless World (October).

. Quoted by Hall, in Emme, History of Rocket Technology, p. 434.
8. Cf., for exa

ple; J. Logsdon, 1970, The Decision to Go to the Moon: Pro]ect Apoiio

and the National Interest, University of Chicago Press, Chicago, 1ll.

. J: B: Wiesiier; 1980; “Scienice and Techriology: Government and Politics;” in W.

T. Golden, ed., Science Advice to the President, Pergamon Press, New York, as
follows: “But when the President decided he had to have an_aggressive lunar
program as a political matter, 1 supported his decision and I didn't offer PSAC

an opportunity to argue against it with the President” {p. 35).
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Comments

BERNARD A. SCHRIEVER
General, United States Air Force (Ret.)

Schriever & McKee
Washington; D.C.

Rather than try to respond to all of the points made in the Brooks
paper; | will discuss the military involvement in space after World

War II, because I was an active participant. In my comments I will
touch on a number of things discussed by Brooks, including Apollo,
management considerations, man-in-space, the civilian and military
arrangement then and now; and at least some aspects of the future
in space: I will cover three periods: the early Sputmk period; the
riore recent period, and the future.

Not very many people rea]]y know what considerations the military
gave to space after the war. I was in the Pentagon in December 1945
after spending three and one-half years in the South Pacific. Prior
to the war I had been in the research and development area as a
test pilot and had gone to graduate school. After the war I went
right back into the R&D business. General Hap Arnold, whom I had

known for many years, was in charge of the Air Force.

In my opinion, we have never had a more visionary man than
Hap Arnold. He understood the 1mp11cat10ns of the technological
breakthroughs of World War II: the atom, rockets, electronics, jet
propulsion, and so forth: Arnold said; at that time; that no future
war will be fought like the last one. He understood the importance
of the scientific community and what it had accomplished.

In 1944 Arnold asked Dr. von Kdrman to be his personal Scierice

advisor;, and he created a Science Advisory Board. He had von Kar-
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man conduct a study called “Toward New Horizons;"” much of which
was devoted to space. Arnold was also responsible for the creation
of the Rand Corporation, which Harvey Brooks mentioned: Rand's

first task was to determine the feasibility of a reconnaissance satellite:

Arother Arnold creation was a scientific liaison office to maintain
rélations with the scientific community. I had staff responsibility for
the liaison office;, along with the staff responsibility for Rand. From

my perspective, serious thought was being given to space; at least
at that level:

So very early on, we were thinking abotit _Space, riot in a Buick
Rogers sense, but in a sense of how it could be used to enhance

1957—aside from the development of some rocket hardware, only
staff study and anzlysis were done. We made little progress toward
having a real capabllity in space. The launich of Sputnik I, of coiirse,
occurred in October 1957, and everythlng changed.

I had taken charge of the Air Force ICBM program in 1954. Early
in February 1957 there was a symposium in San Diego at which I
spoke on how the ICBM program had provided the resources and
the know-how to launch payloads into space. I specifically ouitlined
certaln capabllltles that we needed from a nat10na1 securltz stand-

Charles Wilson’s office; and 1 was instructed not to use the word

space in any future speeches:

I did have the responsibility for what space work we were doing
at that time, and I was trying to get funding from the Pentagon. We
had the '“117-L program.” It was really just a paper program, but it
allowed us to identify satellite projects that would enhance national

security. We had identified several potential programs, such as early-

warning and reconnaissance: [ managed to get 10-million dollars for
space activities, but only for component development and testing
and absoliitely nothlng for systems work. As a result, our situation
was not conducive to moving rapidly into space in early 1957, al-
though there 'wa's sefiéiis intent on the i:iaﬂ of the Air Force to exploit

senhower created the PSAC, with Dr. Killian as its first head. NASA
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came out of the 1958 Space Act And the “military creuted the Ad-
tled back and forth from the West Coast to the East Coast, makmg
presentations at the Pentagon or testifying before the Congress. And,
I might add; I got myself in some hot water from time to time:
Evervthing was happening very fast:

We were asked to accelerate the Minutemar 1 program by orie year,
which, in fact, we did. We had an Initial Operatlonal Capability

(IOC) of the Minuteman within five years of the program’s inception.

However, military space activity did not proceed smoothly after _

Sputnik. For ‘example; in 1960, General White; the Air Force Chief of
Staff, asked me to initiate a space study. I convinced Traymor Gard-
ner to chair the study and assembled quite a group of outstanding
scientists. It was completed in early 1961 and presented to the De-

partment of Defense; but it was considered too provocative and was
put on the shelf

canceled. We had started ari early-warnmg satellite program called
Midas; but that was also canceled. A communications satellite pro-
gram called Advent was also canceled; and later on the Manned
Orbltmg Laboratory was Canceled

coverer pro]ect was the foreruintier. They were well funded and highly
successful, but emphasis was placed largely on NASA and its projects
Mercury; Gemml, and then Apollo. Both Mercury and Gemini were

dependent on military hardware: The Atlas and Titan missiles were
used as boosters The mlhtary and NASA worked together ‘very

From each other’s programs:
1n the A&pollo program, for example NASA beneflted not only

have some of your people help us in the Apollo prograrri " It may

not be well-known, but about 25 Air Force officers, including General
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Phillips, who became the program director of Apollo, were assngned
to NASA. Indeed, we have been working with NASA for years.

There are still & number of Air Force officers in NASA, and they are
not working on Air Force projects; they are working on NASA proj-
ects:

Concerning the shuttle, I do not entirely agree with Brooks’ com-
ments. The plan, as I understand it, is that the Air Force will actually

acquire, through NASA, shuttles that it will operate itself, so that
the mixing of mllltary and c1v111an pay]oads w1]l probably dlsappear

I believe that mixing mlhtary and c]v111an pay]oads would create
problemq but 1 know that the intent is to launch most military

payload shiittles from Vandenberg Air Force Base. A facility is now
being built there. The Air Force would take over operational control

of those shuttles launched from Vandenberg, so that many of the

serious problems cited by Brooks will not arise.

When I retired in 1966—almost a decade after Sputnik—I left the

Air Force somewhat frustrated by the slow progress that had been
made in applying space technology to the enhancement of the tactical

capabilities of our military forces. I had in mind survivable, secure;

and near real-time communications, command, and control of m111-

taty forces—not offensive weapons, not even defensive weapons,

but the enhancement of olr ablhty to cornmand controi and com-
being given to the achlevement of ]ust this capablhty 1 was on the
president-elect’s transition committee on science and technology In
our comments on space in our report to the President, we said:
substantial space program is absolutely essential to national de-
fense.” We stressed communications, command, control, inteili-
gence and reconnaissance. We emphasized that space act1v1ty is also
important to many civilian areas, and we suggested that, in those
areas, the prlvate sector should have greater opportunities and in-
centives to uindertake an increasing share of the effort.

The recent policy statement by President Reagan also points out
the importance of space to national security. I personally do not see

any offensive weapons in space in the near future, not even in the

next 25 years, but I do see space p]aymg an increasingly 1mportant
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national security role. Since these assets are so vital to our m111tary

operations, space will no longer be a sanctuary. Anytime assets are

as vital to mllltary operations as our space Systems are becomlng,
an enemy may attempt to destroy them For that reason 1 belleve

the event of future military actions among major powers. And, as a

mllxtarv man who has been 1nvolved in several confhcts, i can assure

tlcuiariv if it is likely to become a nuclear war. We are, in every sense

of the word, trying to use space for peaceful purposes—in other

ivords, to insure the peace: In that sense we are, in fact, right in-

line with the onglnal objective of the Space Act of 1958, using space
for peaceful purposes. 7

About man-in-space, the United States did not have men in space
for quite a few years after Apollo; and the Soviets have had many,
many more manhours in space than we: I believe we should not go

overboard in spending large sums of money on man-in-space; the

shuttle will insure manned experimerits continuing through the next
decade; which I feel will determine once and for all whether man
has an important role to play in space 1f I were asked today whether

Mv gut feeling is that in time he will, so we should continue to
experlment and develop man’s capablllty in space.

From a military standpoint, the 1980s will see space come of age
in a tactical sense: That might not agree with Brooks’ comments

concerning the military; but I foresee real-time; secure, and surviv-

able CI, that is, command, control, communications, and intelligence

in support of military operations. Development of these capabilities
has been given the highest priority; it will be a major challenge; and

it will not be cheap. But; in my opinion, these things are absoluitely

essential. The shuttle and its follow-on activities will routinely put

man in space so that; by the end of the decade, we should know

whether man really has an 1mportant role to play there:

The third military possibility is in a controversial area: defense
5ystems m space, such as particle beam and laser systems. No one
country can be unique in this regard; therefore, we cannot avoid
moving forward aggressively in the research and development of
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éiitii systems. If we get b’éété'n’ of th’is, it 'wo'u'i'd have a very niegative

Fm‘llly I would like to comment on the commerc:al side; that is;
the entry of private enterprise into the space field in areas where
there has niot been involvernient so far—rockets, for example. The
space shuttle is rather expensive, and it lacks certain flexibility. I am
convinced that before long private enterprise will undertake the de-
velopment of an advanced rocket. Ariane will be a tough competitor.
We must develop advanced expendable launch-vehicle techniology:
I've been involved in certain discussions in this particilar area my-
self. ) )

There is a tremendous future for commercial applications in space;
and there will be many payloads there. When I took over the ballistic
missile program in 1954, I could not have anticipated that we would
be where we are today in space, and that was 28 years ago. So I
think that there will continuie to be tremendous growth in space
activities; particularly on the commercial side and in the vital role of

enhancing our national security:




AMiTal ETzIONI
George Washington Umversnty

I have one principal comment and two minor ones. The first coricerns
a matter of some sociological interest. Harvey Brooks reached one
major conclusion in his historical study of Sputnik I: that “the Soviet
launching of an orbiting satellite in 1957, using a military booster,
completely transformed the climate of opinion, not only in the United
States but around the world. Not since the explosion of the atomic
bomb on Hiroshima had a technological event had such an immediate
'a"rid far—reachmg pohtlcal fallout " He does not comphcate the situ-

give any examp]es of Where that impact is to be found [Editor’s note:
This passage was contained in the preliminary version of the Brooks

paper; which was distributed prior to the October 14, 1982 sympos-
ium on which this volume is based. For the revised statement, see
p.. 8; see also the discussion following this paper:]

In fact, one of our leading political scientists, Gabriel Almond; in
effect conducted a survey of what people thought about Sputnik I,
before it was launched. In April 1956 he conducted a survey, which
he repeated in November 1957 a few weeks after Sputmk I orbited.
media events have a half-life of three weeks: That is, studies made
at the apex—llke the day the space shuttle Columbia landed in the
desert—reveal a large public impact, biit those made after two and
one-half weeks reveal a quite different, and lasting, effect. Sociolo-
gists call this the “washout” effect:

Gabriel Almond asked people what they felt about the relative
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of Sputnzl\—that is, the number of people who were favorably dis-

nine percent 1nfBr1ta1n, re[nalned the sameﬁln Italy, and decllned by
'o'né pertent in Fréinte énd Wéét Cerrnany Theée dzitei a'rﬁ'o"ng' others

countries, was somewhat less than total.
ln the other part of the world—the so-called underdeveloped colin-

Novembcr 1957, 49 percent of the people in Rio de Janeiro and 33
percent of those living in Mexico City had not even heard about

Sputnik: And that, of course; did not include the countryside: More-
over, in the United States, the Milwaukee Sentinel had a revealing

headlirie: T oday We Make History."” That was October 5, 1957; biit
the story relates to the Milwaukee Braves winning whatever they

At the same time, Samuel Eubell; one of the most perceptlve
analysts of public opinion, conducted interviews all across the United
States rand foind that Amerlcans Were repeating Pres:dent Eisen-
hower's statement that Sputiiik was a small grapefruit, which was
not going to fall on their heads and was not much to worry about.
This shows that; when there is a new event; prev1ously unlmprmted
the pubhc tends to heed its leaders to a 1 very large degree Slnce

of 1t, it was not a b1g 1ssue in the pubhc mmd—that 1s, tintil Pre51dent
Kénnedy chose to make it an issue qi.iite a bit later.

A more important point here is an 1ssue that is still with us every
chy as we conduct our natlonal affalrs What is the s:gmﬁcance of

,,,,,,,,,,

shotld we react to it? The world soc:ety is not an American democ-
racy in which the average citizen follows the news through open
media and has an opportunity to act on his opinion in the political

realm: In most parts of the world, as studies by Daniel Lerher and
others show, the horizon of people extends only as far as their village.
The national capital does not exist. World events have no signifi-
cance. People live in the world of their village; they are preoccupied
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by the next meal, not world affairs. I did not put them there; I do
not like it; but it is true nonetheless. To suggest that a technological
jump; whatever its significance, will change their view of the jumping

country simply does not square with what we know about human
nature: Indeed; other studies (unpublished) done by the United States
lntormahon _Agernicy sliggest that the large investments in space by

the United States and the Soviet Union run contrary to what these
people feel national and international resources should support. Many
of them would probably much prefer those resources were devoted
to assistance to economic development in their countries.

~ My next two comments are much briefer. First, [ do not believe it
is completely accurate to suggest that there was “the greatest possible

separatlon of NASA and Air Force” work from the beginning: | was

happy to hear about Bernard Schriever’'s work with Jim Webb. The
record is full of close and increasing cooperationi between the Air
Force and the Space agency. Before the agency was formed, the Air
Force had believed that there were some very important missions to
be conducted in space, so it was not completely delighted when

major resources were given to a civilian agency. Afterwards, the Air
Force tried in a variety of ways to get its hands on the fundmg, or,
allmg that on the missions, or at least on the outcomes, all of which

For example; on January 22, 1963, the Defense Department; rep-

resenting the Air Force, and NASA signed a formal agreement on
Project Gemini, prewously an excluswe C1v1han project. The agree-
merit stated that the requirements ''of both the military and the
civilian manned space programs will from now on guide that proj-

ect.” The Air Force repeatedly used the NASA facilities, adopting

the instruments for ]omt use. I see nothmg nefarlous in that but it

loosely
Finally; I would like to 'suggest one more item for consideration:

I personally have argued over the last two years that there are many
values not in outer space, but in near space. And I beheve the

put its prlorlty on deep Space, where the elusive prestige value lles,
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to the neglect of near- -space investment in communications, eco-

nomic, scientific, and; if you wish; military systems. I believe the

record should be examined and the merits of spending more of those

billions in near-space be carefully considered.




Discussion

JoN LocspoN The Milwaukee headline of October 5, 1957, trig-
wc;r;ymg about ,h,c,’,w, to get the Minuteman and Atlas and Titan to
work, I was still in coiiégé in Cﬁiéégti {xﬁ& as college é&i&éﬁié are

Mllwaukee wor the Wotld Series was the one night beer would flow
in that city; so a group of us went 90 miles north in quest of cheap
beer. But they raised the prices!

Dick PRESTON (Sta'r F'o"u'naati'o”ri) Since most of you were in college
when the Sputnik crisis happened; didn’t you feel that it affected the

younger generatlon, who actuaﬂy affect the future, rather than the
farther into the future, and have affected more young minds around
the world; by their technological advances?

HARVEY BRooks First, with reference to Amitai Etzioni’s comments
on the impact of Sﬁiitiiik I should have made it clear that I was

interviews w1th po]1t1ca1 ]eaders, newspaper stones, and so on, con-

was a profound shock to elite opinion around the wotld. I did not
mean general public opinion as revealed in public surveys. Etzioni’s

point is perfectly well-taken; but it is irrelevant to what I had to say,
although I did not say it clearly:

Sputnik did have a very large impact on the imagination of young
people, especially i....se who were destiried to become members of

what Jon Miller [Northern Illinois University] and others call the
37
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“attentive publics” for science and 'te"ch”rioiogy We have to look at

the whole question of the climate of opinion in terms of the attentive

publics: It is they who tend to have a great influence on political
events.

Amital Erziont Harvey Brooks is correct. A study of interviews

conducted that particular week with world leaders would reveal that
they did express dismay and shock: But if we had followed them
two and one-half weeks later, to see if these world leaders had left
NATO, voted against us in the United Nations, or sent one fewer
soldier to Korea,; there would have been no discernible effect. It did
not become a public opinion issue until May 1961. Between 1957 and
1961 there was no political fallout.

Dick PrestoN The world is controlled by the one percent of the
population who are the most forward thinking or have the greatest

intelligence of forethought: There will always be detractors who will
say that the world is flat or that new technology really is counter to
man’s best natiire, but man is a technological beast. The very fact
that he picked up the first stick changed not his hand, but his brain,
and a nation that forgoes a rigorous prosecution of technology is a

nation that becomes a backwater—an interesting curiosity of history.

[ would like to ask the military, civilian, and anti-technology people;
why we have allowed ouir coiintry to become so backward.

Amital ETzioNt [am not anti-technology; I do not believe the world
is a village; and I do not believe man is a technological beast. To
suggest that technological resources might be allocated differently
from investing a hyperportion in the Apollo project is not to be any
of those thmgs We can all be in_ favor of technology, ever the U.S.

Noer HINNERs On the role of man in space, I have frequently
claimed that some 90 percent of the beneficial aspects of space comes
from 10 percent of the expenditiites. The other 90 percent goes for
the manned activity. However, having spent time at the National

Air and Space Museum, I have seen another aspect, which I think
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we have all missed. It has nothing to do with a utilitarian role for

man in sp’ue Those mterested in the space program who come to

are very good at descnbmg this, buit it is a human endeavor, Wthh
is perce;\'ed as such; it has nothing to do with the practicalities of
the matter:

BERNARD ScHRIEVER | do not quite understand the 90 percent versus
the 10 p'e”r'cé'n't because the Air Force has never had a man-in-space
program All of our programs, both thé highly Cléééifiéd and the

will be spendmg more on space activities thxs ccoming fiscal year than
will NASA, s0 | think your numbers are wrong.

Noet Hinners | am saying that most of the benefits, 90 percent of

the benefits, come from 10 percent of the expenditures, that is, from
tlie automated programs:

JOH\' Locsoo.\ But the pomt 1s 1f you put the mlhtary tOgether with

percent

BERNARD SCHRIEVER As a matter of fact; the Air Force, whxch has
been the ‘major mllltary serv1ce in n space, has not yet come up W1th

for military or national security purposes. However, my gut féeli'n’g

is that man is gcmg to play a Very lmportant role in space at some
point; 1 jiist do not know when that will be:

JoiiN Locspon  The lack of a rationale is niot from the want of trying:
BerNARD SCHRIEVER That's right. We've tried.

GEORGE F1ELD (Harvard-Smithsonian Center for Astrophysics) You

said; General Schriever, that you dld not see, for the next 25 years,
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'c'o'm'ma"nd an"d bbhtrbi systems. i'n’ space én"d ai'o"n'g With thbéé thé

If, in fact; these €31 [command; control; communications; and Iritel-
ligenice] facilities are deployed, and if the Air Force—and presumably
the Soviet Union—believe that it is also necessary then to deploy
beam weapons in order to counter these facilities, how can we avoid
an offensive confrontation; which would presumably escalate very
rapidly into a nuclear war?

BERNARD ScHRIEVER [ did not say that we should deploy laser weap-
ons. I said laser or particle beam weapons would be a major break-
through and could change the whole force structure of the military;
therefore, we have to conduct research and development on them:
Right now, I do not see an early solution to the R&D problems
associated with such weapons. But we have to put high priority on
the R&D, becatise development of such weapons would be a very
dramatic breakthrough, and it would be very much to our disad-

vantage if the Soviets developed them first. C’I systems are not
offenisive systems, and we are doing other things to develop an
antisatellite capability that is protective, not offensive, in nature:
Antisatellite devices wotld protect our satellites; they would not be

offensive; in the sense of attacking things on-earth.

GEORGE FusLD Then i request that we focus on the €3f _capability:
to knock otit the capabihties of the other, therefore that calls into
being the requirement for further offensive capabilities. Do you see
how those offensive capabilities could be deployed and possibly even

used without turning the situation into a nuclear war? if the C’I
systems are; in fact, knocked out; it would thoroughly compromise
the ability to wage nuclear war.

BERNARD SCHRIEVER 1 think you are saying that any kind of war

-between the major powers is going to be a nuclear war. I do not

agree with that:

GeoRrGE FieLD But do you agree that if the C°I were knocked out .
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"6% éi}éﬁ Eﬁféaiénéd _there would be an enormous incentive for

BerNARD ScHRIEVER Military forces must have command and con-
trol; they are essential: All other forms of command and control are
vulnerable; they are going to be targets in the event of a major war:
[ think you are saying that we should not develop them because if
they are attacked that will insure an all- out ntclear war.

this: I Slmply wanted to understand your comment, Which seemed

to suggest that we can proceed in this area without getting into

offensive svstems. [ do riot think that is possible:

BERNARD SCHRIEVER We will get into defensive systems, but not
offensive systems. | do not see involvement in offensive systems

that are nuclear in nature, which would be launched from space. I

would call them strategic offensive systems.

not been so strongly anh -space in 1957 and had ndt forbade the von

summer of that year7 What if Von Braun’s technical caution had not
required an extra flight with a chimpanzee in March of 1961 (I think),
which should have been the flight of Alan Shepard, and Shepard

became the first man in space, rather than Yuri Gagarin? What if
this country had not been responding to a Soviet challenge? What

kind of space program might have evolved? In other words, what
are the merits of space development on its own withotit the broader

competitive challenge that space began to symbolize over the last 25
years?

Harvey BrRooks There would have been considerably less pressure

fora manned space program. We would have been much more 11kely

than a manned one.
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Jou.\' LocsooN What about the military prograims; would they have
looked miich different?
BERNARD ScHRIEVER We already had the capability to move forward

into space We had the studles, the analys:s, the technology, the
We t,O,Ul,d haveitakenthe lead much sooner rn those programs anﬁd
p’rov:"dé'd ourselves additional military capabilities Without Sputnik,
we probabry would not have launched a major manned program,
had we moved forward first.

Amm’xi Er’zro’m Orie consequence v wo'u'i'd have E'e'e'ri to the exhibits

needs to be made is that, when another country challenges, you do

not have to respond on the same front unless you choose to: That
allows the other 51de to defme the agenda, Wthh is half the battle

response?

Joun LocspoN President Kennedy did go through that kind of
exercise; thinking; for example; about nation building in Kenya;
desalinization, or some other large techniological demonstratior other
than space. But he decided that the terms had béen défined so closely
that he would have to respond in space.

Kerry Joers (National Air and Space Museum) Would General
Schriever comment on our apparent philosophy of using fewer and
more complex systems in space than the Soviets, who have cheaper,
more easily replicable systems?

BERNARD ScHRIEVER  In the military sense; we have gone to highly
complex, technically sophisticated satellites; largely because the pro-
grams aiming at enhancing our m111tary capability and our national

security have been strategically oriented. Very little considération

has been given to how they might be" tised ifi wartime of in a tactical

sense. As we move forward and recognize the necessity of having

both secure communications and survniablhty, we may go to differ-
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erit tvpes of satellites: Of course; I am referring to mlhtary operahons
not civilian communications satellites: It will be very difficult to have

complete survivability of otir space assets, and that whole matter is
under very serious study at present. A number of different ways are
possible: One might well be more satellites, simiplified for a special
task:

KERRY ]oen.s Concermng Etzwm s comments, satellite communi-
cations can now reach into the village with information, thus bringing
the village into the political arena for a government. It provides a

mechanism for capturing the hearts and minds of its remote minor-
ities or ma)ontles What do you see happening as a result of this
communications capab1hty7

Amital Etziont I can ea51ly accept that, ini the not too distant

future, we will develop the technology by which a satellite will be

able directly to address a cheap local TV instrument in the home

w1thout ‘having to go through relay statmns, and that in effect, we

not many things that a scientist can say about the hkely effect of

that technology:
_Exposiire of people to a message & la Madison Avenue is hlghly
effective only if they have a favorable predisposition to the message

in the first place. That means, if people want to buy cigarettes and

vou spend 100-million dollars telling them to shift from one cigarette
to another; as long as there is no difference between the two ciga-
rettes, you can shift them. If you try to go a little beyond that, like

moving them from regular coffee to instant coffee; you already have

a crisis. And if you go anywhere beyond that; like trying to change

their minds on their views of the Soviet Union or the Umted States,

forget it: We have very good data to show that. So, the idea that

you can advertise emotional or ideological messages to people and
turn them on is not supported by evidence. The Soviet Union has

had complete control of its educational and communications media

for 50 vears, and it has not bramwashed its people. Current events

in Poland are additional evidence.
In the end, what people care about is their values; they are just
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like us. Suppose you were back in one of those villages and two
messages appeared on your TV: one announces that the United States
has just put a whole football team on the moon, and the other says

that they shipped a bicycle for every villager down the road. Which
message will make you jump highér?

MORRIS FRIEDMAN (Library of Congress) How is it that the Russians

have had a very extensive and successful space program for the last
25 years? They must have spent a great deal of money to launch
their 1412 satellites and, with Salyut VI and VII, to keep a man in
space for so long. Why have we not responded to this challenge? If

we are going to have a man in space; for either defensive or offerisive

purposes; we will have to do a lot of research of one sort or another

to keep him up there to enable h1m to operate up there efflclently,

BERNARD SCHRIEVER There is a debate going on now within the

Admlnlstratxon on creanng a manned space statlon, as perhaps one

issue:
As far as the Air Force is concerned there is a limit on the amount

of funds that are available, and we are more or iess dependent on

NASA to do any manned space projects: We are becoming directly
involved in the shuttle, and we are very happy to have it. I hope

that we learn a lot of lessonis with the shiittle over the next 10 years.
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Introduction

WALTER SULLIVAN
The New York Times

At the National Academy of Sciences just 25 years ago, a conference
was takmg place that ended rather dramatically with the launch of
Sputnik 1. Anatoli A. Blagorravov and his colleagues, who were
participants in that conference on rockets and satellites for the In-

ternational Geophysical Year, had been dropping hints right and left

_that something was going to happen: it was a rather sad day for me

as @ journalist because | had been hesitant to report such imminence:
On the day I finally wrote it, the story was never prmted That was

the day it became a reality.
We should not have been quite as surprised as we were. We were
in the habit of looking down on the Russians: In those days visitors

to the Sovxet Umon had dnfﬁculty lmagmmg how they ever got

to do with Intourist [the state travel agency]
But there was Tsiolkovsky who; at the turn of the century, dreamed

of going to the moon: There was the formation of GIRD, an acronym

for the Soviet Union’s rocket society back in 1929 The Russians were
quite advanced in their rocketry during World War II. They did not
develop V-2’s, but they did have the Katyusha rocket batteries that

were the nemesis of -the German forces at Stalmgrad And before
the launch of Sputnik 1 there were plenty of hints. The Russians had

announced the Sputnik tracking system so that people in various
parts of the USSR, which meant anybody anywhere else who read
about it, could track the spacecraft as it went by.

I was amused by John Logsdon’s mention of that early White
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Hotise paper, which took pains to explain why Sputnik stayed up.
It reniinded me that perhaps the first person in history to discuss
the launch of an artificial satellite was Sir Isaac Newton: An illustra-
tion in his Principia {(second edition), publlshed, in 1713, showed how
to launch an earth satellite. [t portrayed simply a cannon on top of
a very high mountain: Of course I do not think Newton went into
the problem of atmospheric drag, whether the mountain would be

high enough For the cannonball to be above the atmosphere But it

the cannon firing a succession of cannonballs with 1ncreasmg veloc-

1tv Each went out a httle farther around the curvature of the earth

forever.
The anéricah space program, esp’ecially the manned lunar land-

ings;, was also anticipated as early as 1865 by Jules Verne. He was

remarkably perceptive: In his introduction; Verne said that if any-
body was going to the moon, it would have to be the Americans.
The Italians were the musicians of the world; the Germans were
philosophers; but the genius of mechanics rested in the United States.
Verne said the lunar voyage would be financed in considerable meas-
ure by the Russians: In fact; they put up 368,733 rubles. Jules Verne
was. remarkably well informed: He also explained what happened

on thls mythlcal tr1p when the dog the travelers had taken w1th them

stayed with them because it had the same momentum as the vehicle.
For the rest of the trip, they were stuck with a dead dog floating
just outside the window:

As far as the stibject of the second sympos:um section is concerned,
“the practical applications of Space’”’ were also anticipated—this time
bv Arthur C. Clarke in his 1945 paper on communrcahons satellltes

He envisioned a triad of satellites, equally spaced around the equator,

so that they would have complete coverage of the earth’s surface
and would form a network for relaymg commumcat:ons It was s many
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project; and of the space program as a whole on the public: Certainly,
in terms of persoml wonder ‘ind ‘imazement he srght of the flrst

never forget the experlence It was an awesome reahty, not some-
thing vou read in the newspaper. You went out there and looked
at it. In fact, in The New York Tisies, for a long time, we published
cveryday the scliedile of when Sputnik I would go by. We believed
it was something thousands or millions of people would like to see:

Concerning the Apollo landing on the moon, I remember the story,
and [ believe it is triie, that when Néil Armstrong was about to
descend from the lunar module, and the television camera wvas set
up and the feed from the Apollo center to all the television networks
was all arranged, the authorities in Moscow decided not to show it
on Soviet television. But the members of the Soviet Academy of
Sciences, very influential ones politically, went to the Politburo and
objected, saying it had to be shown: So it was: And in places like

Be1rut where I had fnends, and elsewhere in the world people

althongh it has been forgotten to some extent:

There are three contributors to thls section. The flrst Simon Ramo,
needs no introduction. He was cofounder of TRW; which of course
stands for Thompson Ramo Wooldrxdge He was chalrman of the

has béen on so many adwsory panels for the present government

as well as for previous ones that it would leave no time for anything
else if l llsted them all Ramo was born in Salt Lake Clty, Utah, in

1946 He was vice pre51dent and director of operatlons for Hughes
Aircraft for the next seven years; and then served as executive vice

president of the Ramo-Wooldridge Company from 1953 to 1958. He

. was screntlflc director of the U.S. Intercontinental Guided Missile

program from 1954 to 1958--the critical years under scrutiny at the
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'rﬁdrhé'ri't-—a”ria then b’é’cam'é he'aa of TRW éimon Ramé Béé éaﬁiiﬁ-

~ Roger Chevalier is executive pre51dent of Aerospatlale, a large
French company engaged in an amazing number of enterprises, in-
cluding producing the Airbus, helicopters (not only in France, but
in Texas), the now-famous Exocet missile, and the Ariane rocket that
has begun to compete with the space_ shuttle as a launcher of tele-
communications and other satellites. Because of this mix of experi-
ences, he is exceptionally well-qualified to comment on Simon Ramo’s
paper. Chevalier was born in Marseille in 1922 and was educated at
stich institutions as the Ecole Nationale Supérieure de 1'Aeronau-
tique. He was recently named president of the International Astro-
nautical Federation (1AF).

Finally, Edwin Mansfield looks at things from a different pomt of

view. He is an economist, who is a leading authority on monetary

and flscal theory His recent artlcle in Sczence magazme presented an
stimulate) innovation. Perhaps this cost-benefit analy51s can be ap-
plied to some of the problems in the space program. Mansfield is
professor of Economics at the Wharton School of the University of
Pennsylvania. He was born in Kingston, New York, in 1930, took

hrqmundergraduate degree at Dartmouth hrs graduate degrees at
Fulbrlght scholar in Britain. From 1955 to 1960 he was at the Carnegre
Institute of Technology; then he served at Yale, Harvard, Caltech,
and the I[nstitiite for Defense Analysis: He has been chairman of the

USA-USSR working group on the economics of science and tech-
nology.

.
CO



The Practical Dimensions Of Space

SiMoN RAMO
TRW, Inc.

Space, its éxpid'ra'tib'ri ’a"n"d utilization—to use a peculiarly apt figure

forth as an arena for a ’Science Olymplcs" between the United States

and the Soviet Union: Now it is a region for potential warfare and
an indispensable tool for disarmament verification and the preven-
tion of war. Space is a multibillion- dollar civilian growth industry
and an inexhaustible frontier for scientific research. How did it hap-
pen that the U:S. space program; which started so suddenly, im-
mediately rated so high a priority as to acquire an annual budget in
the billions, a brand new agency reporting to the President to manage
it, committees devoted to it in both houses of Congress; and more

attention by the world’s communications media than any other sci-

ence or technology program in history?

THE SPACE RACE

it is no mystery. The launching of Sputnik I by the USSR in October
1957 surpnsed the world, but it shocked the United States. We knew

the Russians excelled in ballet and caviar, but when the proper time

camie to latinich an artificial moon, we Americans expécted to be the
ones to do it. We were already preparing a modest instrument pack-
age to be sent into orbit as part of the Initernational Geophysical
Year. So when the Scviet Union upstaged us, we were insulted and

alarmed. If they could do this, we could expect them to abandon
51
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tie inferior status we had conveniently assigned them in science and
technology in general, and they might outdo us in military weapons
systems as well.

We reacted emotlonally to the fear and the dare and the Space
Race began; which led to our inventing the major event in the new
Olympics: a manned lunar landing. This world spectacle; the boldest
space feat then 1mag1nable, became symbol and substance for our
n010gy. After the Sovret sp,utnlk blow, interest in educathnrln tecll-
nical fields ballooned; and the government increased all its R&D
budgets. Thus; not only was space technology launched as a new

priority category, it became the spearhead for accelerated efforts on

every science and technology front.
It was not that, having looked carefully at all that science and
technology might make possible, and noting our most urgent needs

and exciting opportunities; we decided the moment had come to

explore space avidly, all rocket nozzles aglow. Nor did we opt for
space in the late fifties merely because our advances in technology
f1nally enabled us to do so. Once the grand scale program to provxde

substantial payload. Our ICBM program; begun some four years
before the launch of Sputmk I had developed the entire range of

tracking facilities stretching out over the Atlantic from Florida. Be-
caise the earth is round; an ICBM capable of delivering a substantial
welght accurately on a target half the earth's c1rcurnference ‘away

passenger in orbit and provide him with oxygen, food, reasonable
comforts, suitable communications channels; and protection during

reentry o

N
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had delayed Sputmk for years, our Space program would have started
later at a less frenzied pace. The first major goal, for instance, would
have been to meet a military requirement with a spy satellite, or to
develop commercial projects with immediate return on investment,

siich as intercontinental television and telephonic links by satellite.

Scientific curiosity about how blologlcal matter—a man, for exam-
ple—might react o a gravity-free environment woiild have stood in
an orderly line along with inquisitiveness at other frontiers of kriowl-
edge.

Indeed, those who argiied that the enormous funds for the manned
lunar landmg project (nearly 100=billion 1982 dollars) should be spent
on other things; such as broadening astrophysics research by obser-
vations from unmanned spacecraft, advancing microbiology or high-
energy particle physics, or seeking a cancer cure, underestimated
the backing for a direct contest with the Soviet Union. If we had
wanted conly to examine the moon scientifically, we surely could

have done so more quickly and cheaply by sending instrument pack-

ages there; even including a device to pick up moon tocks and return
them to earth automatlcallv But puttmg ‘humans mto a spacecraft

no other competltlve pro;ect could. The successful manned lunar
landing replaced the American pubhc s feelings of newly found in-

feriority with newly confirmed superiority. Conicern tiirned into ex-

hilaration. As a momentous achievement, visiting the moon pushed

all else temporarily into the background: American astronauts placed
there seemed to reestablish all Americans as leaders and pioneers.

MILITARY SPACE

After the sputnik surprise; the American public qulckly associated
the technological prowess demonstrated by the Soviet Union with a
military threat. Some warned that the moon must be captured im-
mediately and turned into a solely American platform from which
to bomb the earth, or to be used as an invulnerable hiding place for
nuclear weapons: They warned that the moon is the high ground,

so whoever controls the moon controls the earth. If we do not move
fast, what will we find wheri we land on the moon? Russians.
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_ Twenty-five years later, the moon still has no war role. Space has
bécome essential for certain military functions; but the moon—which
1s the low ground to one on it lookmg up at the earth—ls not a

satellites. Its orblt relatwe to the earth is unsmtable fts back side as

a place for storing missiles and nuclear weapons, which might be
expected to survive any attack and dellver massive retallatlon, is not

storage locations be extremely expensnve to reach and inhospitable
to humans, as though this equates to invulnerability, such places
already abound on earth at the North and South Poles and the vast

ocean bottoms.)
In today’s military operations; reliable communication between

pomts on land thousands of miles apart is a fundamental requ:re-

tlons Satellites sometimes offer the only route for m1]1tary commu-

nications signals. They can expose to obszrvation the entire land and

ocean surfaces on earth as well as the atmosphere and space In-

learn what is there, detect enemy communications and all manner
of radiation and fallout; and provide tracks of missiles and spacecraft.
Measuremerits from space can disclose tests that mlght otherwise go
unnoticed and enable one nation to gain a great military advantage

over another. Sens:ng fro'n space enabies a country to dlStlngUISh

a mllltary purpose and mlght expose an attack as occurring or im-

minent. Moreover, space can be used for countermeasures to inter-
fere with an attack if it is launched.
Reducmg the danger of nuc]ear war b) arms reductlon pacts is

to provxde continuous information about the war-related activities of
the world’s nations obtalned through indirect {not on-site) monitor-
ing. Verification of adherence to agreements nas to include satellite-

based sensing. Of course, space systems for superior navigation of
ships and airplanes, and a similar enhanclng of our ability to observe
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and predict the weather, are at least as valuable in military as in
civilian operations.

These uses of equipment in space are not limited to strategic war-
fare apphcatrons In the NATO area, overa shorter but stx]] sxgmfxcant

are m andatorv Sole reliance on information relayed dlrect]y betweenr

grmmd and/or alrcraft statrons is msufflaent Satelhtes in geosta-

Since plaunz, appropriate equlpment in space offers military ad-

vantages, necessarily the military will consider removing the enemy’s
equipment from space in the event of war:. In peacetime, space will
be populared by apparatus placed there by many nations. If world
war should come, hostilities would probably spread quickly to space.
Some actions there might even precede land engagements; since
eliminating warning and communications capabilities might be es-
sential to the initiator of hostilities:

V\hatever a spacecraft is domg for the m1]1tary, 1t should have

civilian communications satellite, such as for television or telephone
transmission. The payload sent into space by the military ideally
shoiild be of extremely high quality, optimized as to function, very
reliable, survivable under adverse coiiditions, and possessed of long
life. The cost per pound to orbit a payload is high, so microminia-
turization is especially important. Withstanding the launch vibrations

and acceleration and enduring the space environment add unusual
requirements for ruggedness and thermal and radiation imisiunity or
shielding. Space-based military systems accordingly are near the lim-
its of the scientifically and technologically possible.

There have beer some proposals for civilian space projects that
exceed existing military projects in boldness, performance; scope,

technologicﬂ re*u:h cost, and complexxty However, mllitary imple-

niercial areas. Mllltary Space pro,ects this serve both to provi'de for

m\
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defense-related applications and to push forward the technological
frontiers for eventual civilian space applications.

| COMMERCIALIZING. SPACE

orbit for substantial perlods to enhance the operatlons of our surface
civilization: Examples are:

» telephony between continents; and over large earth spans on the

same continent, through satellites, as a link often more economical
'a"ri'd hlgher in capamty than cab]es or other a]ternatlves

nication with ground computers and airborne transmitter-receivers,

for higher traffic capacity and more accurate and economic locating

of aircraft in flight;
* navigation and Commumcatlon for ShlpS at sea;
« weather information and prediction by satellites momtormg the

dynamic characteristics of large land, atmospheric;, oceanic, and space

regions arid reporting the data instantly to ground data-processing

stations;
+ earth resources satellites to scaii for mineral, forestry, water, and

. agricultural resources; fishing, and pollution information to improve

discoveries; wzirmngs and utilization;

» computer-to-computer information transmission between ground
points to maintain the ]oglstlc schedu]mg, accountmg, and control
data of industry and to prov:de professionals with access to stored

information; and

_+ e direct-to-rooftop broadcasts; tozether with local cable systems, to

bring wideband, multiple-channel programs to mass audiences.

In another decade, hundreds of millions of individuals in the non-
communist world will probably average more than an hour a day in
some activity involving a satellite—talking on the phone, watching

television, traveling in an airplane, acquiring data at the office, being
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eduicated. Putting a modest valiie of only a few dollars per hour per
person on this service leads to an estimate of more than 100-billion
dollars for the annual revenues. This range of revenue suggests an

investment to make it possible in the 100-billion-dollar range, and,

if the installations are economically sound, yearly returns on the

investimient of around 10-billion dollars. This is greater “than the av-

erage annual expendltures made in Space by the government in the
past, which means that we may be nearing a period of net positive

financial benefit from the nation’s investment in' space through ci-
vilian commercial activities alone, even without adding any national
security contnbutlons )

But the real impact of these satellite appllcatlons may go far beyond
mere financial investment returns. Consider the impact of conven-
tional telephony in the last century: Without telephones; commu-

mcatlon—m the sense in Wthh Amencans especially in busmess

it would have been 1mposs:ble The ultimate effect of satellités in
openmg up new dimensions of communication will almost certamly

be just as revolutionary, transcending purely economic measures.

Even for these commercial applications; the potentlal market is far
from filled. More than a billion-dollars’ worth of commiercially owned
satellites_are in orbit today. Before the end of the 1980s, a dozen or
more U.S. communications satellites wi.i be authorized yearly by the
Federal Communications Commission (FCC); and the rest of the
nonicommunist world will require a like amount. The available park-

ing orbits and radio bands are already crowded, and future assign-
ments W1ll mvolve con51derable mtergovernmental negotlatlon

of ambitious proposals already have acqulred enthusiastic promoters

Even if they never reach fruition because of inadequate economic or

other rationale to justify their backing, they are worth mentioning

to show the scope of interest and imagination at work. Forexample,

one proposal involves creating huge Striictuires in space to captiire
massive amounts of solar radlanon for conVei-smn to microwave power,

ceived power would be converted to 60-cycle electncxty for use in
the nation’s electric power distribution network: Even the most prac-

B8
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Natlonal Research Council has said that a satellite-based solar power
svstem; one providing a substantial fraction of our total electric power

demand, would be the most costly and complex undertaking;, civilian

or military, ever attempted, with total costs amounting to three-
trllllon 1980 dollars The structure would | encompass : about 25 Square

could be made. A large-payload repetitive space booster would brmg

the parts and astronaut-assembiers to space in countless roundtrips.
The unprecedented amount of energy and resources needed for the
constructlon the r1sl<s, the potentlally severe env1ronmental lmpact

examined the concept to give it low ratmgs when compared with

other alternatives for meeting future energy needs. The government

has so far commissionied only preliminary studies:
Another potentlal space actlvxty, also speculatlve but not as enor-

classes of materials—unusual semicond uctlng crystals supenor phar-

maceuticals, revolutionary chemical catalysts, exceptionally high-pu-

rity glass, greatly more precise ball bearings—cannot in theory be

forimed while gravitational forces act on the process: In principle,
the fabrication coiild be condiicted in the weightless environment of
space. This idea obviously would apply only to materials whose
uﬁagaal éEéEéétéEistics equate to unusually high market values. Mah:

there In fact, a substantial manned space laboratory may have to
be in operation for years before the potential of manufacturing there,
automatic and unmanned or man-operated, can be evaluated. At this
time only a preliminary, experimental program is underway.

Another speculative application is the mammoth communications

satellite: With high transmission power and the potency of its large

anteninas for picking up weak ground signais, very small transmitter-
————reesivers-and :anl-pnna‘; on the earth’s surface wouchsuf_f;ce Sucha —

one if each had only a wrist-radio; an.antenna- the size of of asoup -

dish; and a direct line-of-sight path to a satellite. Such a system is
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technologically possible, but the present need does not ]ustrfy the
cost, so the development is for the future, if ever:
Super-large satellites have other possible applications. For exam-

-ple, they might carry equipment that could detect tiny amounts of

nuclear radiation: This would help pinfroint the location; and police
the movement of radloactrve materlals The satelhtes also. could pick

to speed help

The economic benefits of such commercial apphcatlons of space

result from putting equipment into near-in space. What about space

farther out? What about the moon? So far; our exploratlons have

ehmmated the moon as a Cheap source tor commercral grade green

moon’s new accessrblhty

What about the more distant planets? Nothmg we know aboiit
them now would suggest any practical venture for commercial ex-
plOltﬂthI‘l What about other stars perhaps other galax:es’ The tech-

eries made while ptirSumg Linrelated resear"h-—than by a brute-force
effort to keep going up and away with the hope that the means to

reach distant stars will thereby be revealed. Efforts to improve the
breed of racehorses d1d not Iead to the mvent10n of the automoblle

an exceedingly crowded place. The world’s populahon probably will

continue to grow, but the planet’s surface is of finite size. We have
built skyscrapers in an attempt to push into a third dimension; but

then the two- d1mens:ona1 trafflc problem in gettmg from home to

—acquisition of resotirces may limit life on earth bz the need for ever-

decreasing allotments per individual. Space offers new sources of

— energy and_the potential of resource supplies from interplanetary

space and many planets and moons. Space is a new frontier beyond
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which is much more than a new continent. We cannot even guess
at the scope of it, and it may eventually lead to unforeseen com-
mercialization:

HUMANS IN SPACE

When America launched its space program, it was an emotirnal

reaction to the sputnik biitz: Not surprisingly then, humans in space
dommated the fll‘St round of the competltlon The space age had to

part:c:patmg directly.

Sputnik happened at the same time as a related battle over the
role of humans: The arena was the atmosphere, and the issue was
the nieed for a man in an aircraft. At World War II's end, the most
glamorous military man was in the cockpxt——-a flghter or bomber pilot.
But soon guided missiles entered and usurped a part of such im-
portant duties as shooting down enemy craft, delivering tactical and

strategic bombs, and attacking enemy land and sea forces: For many
key military missions, missiles arr faster, more effective and eco-
nomical, saféer for military personne] and can operate under a broader
range of environmental conditions.

The first phase of America’s entry into space involved man very

conspicuously, but it failed to establish a substantive continuing role

there for human beings. If we want readings of physical phenomena
.in Space, instriimernts can do a better job than humans. Automatic
scommunications equipment will briri g thz information down to earth
more accurately, completely; and qu xekly If we want to know how

the earth appears from space, or what the moon looks like to an
observer there man- made devrces can plck up anythmg human eyes

any spacecraft on the proper tra]eaory and in stab]e ﬂlght is a func-
tion best suited to instruments.

A human being in a spncecraft drastically complicates the project.
Pruviding for the safety, nealth, and comfort of an astronaut from
takeoff to a returi Jndmg narrows the range of permxssﬂ)]e risk-

taking and adds: weight, cost, and time to the exercise.
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A competent svstems des:gner w111 seek the rlght combmatlon of

mum: Conversely, completely automating everythmg is rarely best.
Homo sapzcns is produced by cheap labor and glven its combmatlon

than a mllllonth of a seccnd. People and machmes each have their
places, in 5pace as on the ground

tions have emerged so far that absolutely require a person’s presence.

The Ap"o’ll'o’ fhghts, wh1ch featured astronauts; came to a dezd end

had accompllshed its psychologlcal mission. Public interest waned
and NASA budgets drifted downwards. Civilian space applications,

without humans,; received all the attention of the private sector, and

unnianned satellites commanded first priority for the military: Pure
reSearch in outer space contmued but attention turned to the more
interesting exploration of the other planéts with tinmanned, instru-
mented spacecraft

A package was landed on Mars which; without the aid of a human;
scooped up Martian surface matter. Then highly automated, mi-
crominiatiirized laboratory and computer-communications equip-
ment within thé package processed the material, examined it care-
fully for signs of life, and transmitted the results back to earth. The

rapid advance of information technology increasingly is making pos-

s:ble more sophrsncated automation of information handlmg-—whether

mcreasmgly hlgh rellabrllty This mllltates agamst the employment
of humans in space.

Until the program to develop the shuttle began, America had

accepted a seven-year hiatus in placing humans in'space: The shuttle
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arose out of two major influences. One was an economic potential.
With enough payloads to be lofted regularly into space; it would
eventually be cheaper to boost them mto orbit by a system in Wthh

and can take up a large number of payloads at th[e same time to

share some common launch costs The other mﬂuence was the grow-

The unsatisfied Felmg remained with many that u]hmately space
must be added to the regions of the universe available to a human
presence.

Thus, the shuttle project began. But the program planning and
séllihg was dominated by a malady that has pl‘agued mang miiitary

plctured as larger and developing earlier than. has actUaHy happened
As has occurred so often with military programs, technological dif-
ficulties, time-to-completion and overall fundivng requirements were
highly optimistically portrayed at the inceptioni of the program.
Schedules have slipped and more money has been required. The

t0t1l pavload to be carried has had to be revised downward, and the

cost per pound to orbit payloads has hxd to be adjusted upward.
The lack of availability of the shuttle to boost military and com-

mercial spacecraft into orbit on the required schedules has created

problems and embarrassments. Some commercial American satellite

projects that originally planned to use the shuttle have contracted
instead to employ a new European-made, nonrecoverable booster
that can meet the schedule and also offer a lower launching price:
The shiittle is still controversial. Some argue that if the market for
payload orbiting had not been overestimated, the shuittle would have
come along later. Proven nonrecoverable boosters then would have
provided schedule reliability and least cost for required launchings

in the mtenm No Amencan boostmg business would have shlfted

could have been simpler. The development might have requlred less
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and the cost to lauiich the ma)orlty of payloads for the next decade
would be lower. That is what the critics say.

On the other hand, an American space program that assumes no
role for human beings in space cannot be counted permanently as
acceptable, smce we canrict expect to antlclpate all future needs And

manned bpace station in orblt and their program S progress. will

force continual comparisons with the U.S. space program. The USSR’s

specltlc goals in puttlng humans in space may be iess 51gn1f1cant
they are ahcad. That possibiiity alone presses iis to build a permanerit
U.s. space station.

THE PERMANENCE OF SPACE RESEARCH

Meanwhile; space research with unmanned spacecraft seems here to
stay. We have; it is true, managed to learn a great deal about the
tiniverse from observations made on earth, a highly specialized,

shlelded and msngmflcant httle plece of it. I—iowever, by movmg into

magnetic field, emitted radiation, and grav:tat:on, and _expose Some

of nature’s secrets totally alien to us in our isolated cubby-hole. But

space is merely one frontier deserving investigation; in a well-ordered

overall U.S. national research program, attention to it should com-
pete with our efforts on numerous other knowledge bou ndarxes Stl]]

chosen ones we happen to have the ready means, and the investi-
gations can be done at reasonable cost. Other probings; just as ripe
for important discoveries, may not be performable with the available
tools. Proven spacecraft designs and deep-space communications
networks are now extendable to perform most space research mis-
sions that deserve support.

Tracking the laws of the universe from regions of space never
betore avallable to scientists mlght well lead to discoveries we cannot

possibly describe here because they are pure unknowns: Such pos-
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slbxlmcs mlbht even have mllltary prllC'IthﬂS We cannot w1th great

for its exclusive uise. Space rem,am,s a new f:eld in whlch to prospect,
it is far too early to leave the finds to others by default.
The United States has exerted world leadership in exploring the

solar svstem, and thls has been one of our century s most lnspmng

the posltlon America has attained, we will throw away a solid part
of a major investment.

FREE +NTERPRISE IN SPACE

What are the potenhal benefits of business entrepreneurshlp in space,

communications satellites in particular, since these come closest to

being ready for delegation to the American private sector? An in-
ternational telecommunications sateliite agency, Intelsat, has been
running quité smoothly f: veais 3nd now has more than 100 nations

as members Intelsat provices more tha.« 20.000 full telephone cir-

design; productlon of space hardware, and launch costs (as distinct

troxn revenues from the servxces whlch those 1nstallatlons make pos-
is a large enough business that some half-dozen or rnoreprlme space
contractors are likely to serve it—Japanese and West European as
well as American. Some U:S. companies in the communications sat-

elhte fxeld 1lso can asplre to be suppliers of mlhtary commumcatxons
The worldw1de c1v;han,pr,ogra,rn alonie, as it reachefsf themse'. era!-
billion-dollar-a-year level, should support more than 100-million dol-
lars of annual research and development expense. This should ad-
vance the art satisfactorily. A pattern of mutually reinforcing tech-
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nology advance and revenue growth shoild develop and continue

for the foreseeable future:

For some aspects of U.S: civilian commercial satellites, the gov-
ernment is now essentlally out of the picture: Some argue that it
could have been from the beginning. Even 20 years ago there were
large communications companies in the United States (Al T&T, IT&T,
Western Union, RCA; and others) that could have justified adding

the space dimensicn to their communications facilities. Even at that
garly time other electronic and computer companies should have
suspected that communications satellites would directiy affect their
future growth plans. Because the government ICBM and Apollo
programs had made available boosters, technology for des:gn and

prodiiction of the satellites themselves;, and launch and tracking

{acilities, these companies needed to make only reasonable invest-
ments in the range of 100-to-200- million dollars each (with their net
worths in the billions) to have begun developing satellite-biased tele-
phone and television broadcasting systems.

The government preempted this private approach, however, tak-
ing the initiative in establishing the Communications Satellite Cor-
poration (Comsat), which since has become publicly owned; only a
part of its Board of Directors is still appointed by the President. Left
to themselves, the private communications corporations of that time
wotild nut have become involved with satellites until later. Had their

leadership not lacked appreciation of the potential of space; imagi-

natlon and boldness, Comsat mlght never have been created But

cations sanelhte systems: -

Altliough much of the initiative for civilian communications sat-
ellite projects in the United States riow has passed into the hands
of private corporations, the gnvernment still exerts a powerful influ-

ence: Every communica.ions satellite system envisaged by the private
sector must acquire operating frequencies and bandwidth in the lim-

ited radio spectrum, positional slots in synchronous orbit, and pat-
terns of coverage of the earth below: All these are controlled by the
U.S. government for American corporations. Moreover, what the
U:S: government allows must be consistent with international agree-
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ments that divide up these privileges: Further, the satellites must be
boosted into orbit, and the government still dominates the boostmg
of all spacecraft launched in the United States.

Even though launching technology relates to military boosters and
such other associated classified apparatus as ICBMs, the U:S: gov-
ernment doubtless would permit independent; private booster activ-
1t1esr However, the art in boosters is constantly advancing as a result
of the government’s programs, and the resulting changes control
what private groups will choose to do. The shuttle, for example; is
altering the U.S. booster business greatly; and altering as well the
potential for independent entrepreneurs to enter the field as private
latinch-vehicle providers. To make full ise of the shiittle, the U.S.

government will des:gnate 1t to launch all government spacecraft and

entrepreneur decided to develop a nonrecoverabie booster, as the
Europeans have done, other U:S: companies interested in orbiting
commercial satellites clearly wotld have been prospective customers
(since some such business has already gone to the European booster).
However, that American booster « company would have had difficulty
getting any U.S. government business, even though its price to loft
a satellite might be lower than the cost of using the shuttle for many
of the ~government payloads now env1saged

booster equipment and the satellites that they put into orbit were
totally available through free-enterprise activities, there wouid still
be a need for launch and tracking facilities: The government owns
the laurich facilities in Florida and California. The tracking ranges
involve a _complex netwotk of satellites, installatioiis on U.S. 5oil,
and installations in a number of other countries, arranged through

intergovernmental negotiations. First created for the ICBM program

and then extended for space programs; these installations were de-
veloped over a quarter of a century To duphcate them would cost

itively expensive. Moreover, the present facilities are adequate or
readily extendable for handling all foreseeable traffic:
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It launched from U:S: facilities; communications satellites; even

'ﬂioéé totally funded by the private sector for civilian applications,

must fit their launch dates into a government program whose pri-
mary interest is military satellites and other government-funded
spacecraft Thus even in the commerc1al satelllte field, where the
prwate sector 1s now c:osest to playmg the lead, the U.S. govern-

Military satellites for command, controi communicatic:is, intelli-
genice, and reconnaissanice are not suitable for true ‘ree enterprise
risk investment. The market has a single customer. Waltmg for the
government to decide which projects it wants is almost the whole

of nﬁrket research for wouid be free enterpnse cnmpanles The pat-

other classified mlhtary techno:ogy programs. Prlvately financed ef-
forts; without government contracts; carried on to seek a head start
in acquiring future military business in space, will probably be mod-
est in scale.

The same applles to research Space probes to Venis or Juplter, to
rendezvous with comets; or to provide platforms in space for sensing
light, radio signals, or x-rays from distant parts of the universe: Such
pro;ects will remain under government sponsorshlp and w1ll be to-

nature by observations in outer space is not an activity that an Amer-
ican corporation can justify funding with its own risk capital, even
if extraordinarily long-range thinking characterizes its management.

As it establishes its priorities for pure research in space;, as distinct
from classified projects, the government should use the universities:
Graduate studics leading to the higher technical degrees necessary

for perforrmng research and development are best undertaken in a
aniversi ty in whlch nature is bemg constantly explored Space re-

mtist maintain an organization for maklng assignments 1nd ensuring
high-quality work. However, in récent years the government has

d over-admirnistering. The attempt to ascertain that no research

76



O

ERIC

Aruitoxt provided by Eic:

68  Tlie Prctical Diniensions of Space

THE GOVERNMENT/PRIVATE ROLES ASSIGNMENT

The rolés assignmient between the government and the private séctor
is much more complex and unsettled for certain other important
applications of space technology than for communications satellites:
One is airline navigation and traffic control through satellite systems:
Here, no system to use space technology and aid the process of

navigation and traffic control can exist without the part:c:patlon—
cquivalent to a vote or;a veto—of a very large number of semi-
independent entities. These include the National Aeronautics and
SpaCt. Admlmstratlon (NASA) the alrport operators, the alrlmes, the

making the satelhtes, radars, airborne computer equipment, and

ground statmn apparatus To make the system work there must be

cooperation with the,system. Since forelgnfplanes, mqst Qperate gn
biir érii)irbrimérit théir gbiiérrimérité must aléb be i'rii}'o']i)é'd in estab-

Clearly; there are numerous reles for units of the private seétér

thh the requlred experuse They should partrc:pate in studles, de-

duction of hardware and software to make the entlre system oper-
able. However, overall, this cannot be a free-enterprise project; the
system responsibility is appropriately placed with the government.

But there is rio suitable government organization for space-based
alrlme navlgatlon and trafflc contro] No smg]e entlty has the re-

systems management unit; using private entities urrde; contract to

accomplish the necessary chores from systems engineering tc hard-
ware design. An integrated program wxs created for the huge ICBM
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system. But, lacking the organization to have the system designed
and implemented, the Umted States has spent decades without yet
having set up a satellite- based, airline navigation 7and traffic control
S\'stérii, even thoijgh it a’p’p"e'a'r's erniiiéntly éenéiblé from the §ténd3

the government should recognize the organlzational void and or-
z.,anlzc to fill 1t I'hen the problems would be to enhst adequate
steps, creating and 1mplementmg the system, will be dlfflcult but
step number one has not even begun.

The government 5 role is better estabhshed in the weather fleld

now ba51c to weather,forecaistlng, 1mprov1ng oper‘;hngﬁ decisions in
transportation, agriculture, fishing, and other fields: Here, the Na-
tional Weather Service, with its ready-made infrastructure; was able
to adjust for using and disseminating data from weather satellites.
Amazlnglv, it was allowed to do so when the space dlmensmn was
opened. The World ,Meteorolog;cal Organization, in existerice for
many decades, was able to coordinate the interchange of data world-
i&tlde

Landsat; hovxevex, a satellite to scan the earth’s land resources;
1llustrates the puzzling pollw questions to which apphcatlons of
Space technology can lead. Suppose a private Arnerlcan corporation
were to orbit a Landsat as a free-enterprise project. This entrepre-
neuring company would process-the data from probing the earth’s
surface and look for valuable information about mineral finds. By
appropriate utilization of the information it would expect to reap
financial rewards ar. 1 realize a favorable return on its investment:
The minimum investment required of stich a postiilated, risk-taking
private corporation would be in the hundreds of millions of dollars.

The company would need allocated frequency bands for communi-

cation; government approval of the orbital tra]ectorles and, for an
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ernment to nmake this policy decision, but the pkbbiéiﬁ would be
compounded by the required international agreements in which the
U:S. government would have to take the lead.

How would the risk- taker obtam revenues7 If the data md1cated

the existenice of a prev:ously undiscovered valuable resource in a

. forelbn countrv should the companv 8o to the government of that

propoqxtxohed even estimate the wirth nf the information unless it
can analyze the data in detail and the:s ;*erform on-site investigations
of the scanned terrain? Perhaps the company simply should offer to
sell cither raw data or interpreted information to private groups or
governments, who then would lease or buy the pertinent land or
the rights to the resources on it.

* But there is more. Observations made by a Landsat can disclose
conditions of the earth’s surface valiiable for agricultural planmng,
controlling crop disease, finding and using water resources, dealing
with mass pollution effects; anticipating and assessing the severity
of flood conditions, and more. What should be done with these data,
whose dissemination would be in the public interest and less likely
to be adaptable to_proprietary exp101tat10n for proflt7 In fact, it is
partly because of the potential gains for society that the U.S. gov-
ernment has already spent a billion dollars in the development of

Landsat:

Its techinology is not yet adequately developed and proven, and
it is not clear that the system will uncover valuable finds. For a long
tlme corporatlons dealmg in. petroleum and mmerals may put their

forts. Only when (and if) the first important discoveries are made
will it be the right time to consider how best to move the program
along comimercially. Meanwhile, the government will foot the bill
for contintued research and development, and this may prodtce val-
uable data both for public service {(e.g., tracking crop disease) and
resource discoveries (e.g.; mineral ores).

Ekééily BEM the Uﬁiféa Siéiéé 556618 Eéﬁaié Eéﬁaééi ié ﬁﬁ?iﬁiéﬁéa

mtroduced in Congress. The emphasis must be that this is an ap-
plication of space technology with tremendous potential; certainly
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some of the potential is suitable for development by free enterprise.
In America; how else can we really expect to find resources without

mvnlvmg free enterprlse for stlmulatxon, incentive, and rlsk-takmg,
with thie anticipated appropriate rewards? Failure to use free enter-
prise in Landsat activities would be like expecting to discover oil
only through government-sponsored searches. Yet the government
must hold the chairmanship position, integrating the whole and
parceling out appropriate pieces to the private sector.

Landsat is nut the only space project that still needs assignment

of appropriate government and free- enterpnse roles. Ocean obser-

“vation satellites, for example, dlsplay & conditions on and ini the

oceans; regions of the world largely beyond national ]Ul‘lSdlCthI‘l

There is no existing institutional structure for operating an ocean

atelllte et the world ”"ght g'im a g eat deal ffoni a permanent

and other ocean resources. Further, NASA is )ust beglnrung to grapple
with commercializing the shuttie and otherwise converting it into an
operational program once the R&D phase is completed. To what
extent shoiild free enterprise be involved in running the shuttle as
a routine launcher of everyone’s payloads for a fee?

It is perhaps understandable that the assigning of proper t roles for
the U:S: government and the American private sector in the com-
mercial use of space is stil! incomplete. However, with space and its
apphcatmns so clearly an area with powerful long-term economic

and securlty interests for the nauon, it is less forglvable that our

dECade NASA does much hopmg and plannlng, of course, but the
United States does not have a plan for the next two decades—a real
plan that lists goals and investment rEqulrements, that has recog-
nition and stature w1th the governmen ‘s executlve and leglslatlve
nmogy ftatermty, and that has the long-term commitment of all these
forces.
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RoGer CHEVALIER
Aerospatiale

Société Nationale industrielle
Paris, France

I wouild like to comment on five of the issues Simon Ramo has raised
in his complete and excellent presentation: the military role of space;

space and « economy now and in the future; international competltion

and cooperation; space as a research frontier; and free enterprise and
the government mission.

On the whole, I agree with Rarmo on the mllltarv role of s space.
Beyond any doubt, if war should come; hostilities may spread to

space. For thai reason we must make every effort to reach interna-

tional agreements so that the military use of space serves as a de-
terrent, Ty enting war. We should not try to forbid this kind of
militar.. ictixis in space; but:we should improve the treaty signied
in 1957, vhich (orbade the launching of riuclear « weapons into orbit.

O.: spacu and economy, Ramo quoted a value of a few dollars per

hour per person as a kind of average for services mvoivmg a satellite:

Sucn a vaiue is perhaps 1ow for long-dlstance te]ephone calls but 1t

mg TV, aitline navxgatlon (per passenger) weather information, etc.
Onthe-other hand, I believe- that-many-more-than.100-million.in-___
d1v1duals w111 be effectlve users in ten years, so that; on a somewhat

the rawge of those given:

~ Ariother item is the limited nurniber of avallable slots and radio
freqiiency bands. In my opinion, Ramo is a little too pessimistic in
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this area. New frequency bands; such as the 20-30 gigahertz bands,
will be available shortly, and it will be some time before there is a

réal shortage of either orbit slots or radio frequency bands. This is

just one more reason to agree with Ramo when he indicates that
negotiations between governments, or between governments and

private corporatlons, constitute the initial bottleneck to progress in

the commercial use of space: We, in Europe, have been involved in
a number of such negotiations in the aerospace field, and we have
found that such negotiations always create bottlenecks: But they have
not stopped progress; and we can reasonably hope that they will
not do so in the future.

_The meaning of these reflections on economy is clear enoubh when

Wmmmmlm%elewcm n; airline-navigation,—————

meteorology, or data transmission. The horizon is a little bit hazier
when we consider earth resources, and 1t is even more sO for rerrote

turrng in space or large space platforms. In all these areas, we must

be cautious on feasibility and costs: At the recent 33rd Congress of
the International Aatronautrcal Federa tion (IAF) which took place in
Paris in October 1982, there was a 51gn1f1cant trend towards realism
in these fields: o

And applications of what Ramo calls “farther out” p"o'ééib’ilitieé are

still, and will for a long time remain; in the realm of research; eco-

nomic cons:deratlons at thls point are lrrelevant Nevertheless; we

must work on them and 1f1 ‘may re1nterpret Ramo 5 anaiogy, as the

breed of race horses.

Coricerning the issue of international competition, 1 Jroadly agree
with Ramo’s analysis of.the respective roles of man and machine in
space. But ] do not agree that the fact that some American customers
have contracted to use a European latincher should be considered
“’sad events:” I disagree not only as a European, biit s a conviniced
suppotter of international exchange and cooperation. It is quite true
that America’s 2normous expenditures and pioneering efforts must

recelve a fmr return But how ean anybody lmagine that 1n the ]ong

a launcher to them? That would mean not only the abserice of mo-
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the case with solor system c\ploranon And 1 certamly agree w1th
the idea that a lot of as yet unimaginable discoveries are possible.
Space is international by natiire. This is well recognized when
0S [rev onterprise and the government mission. The
s satellite field is certainly the best example of free
cnlorpnsc in spaw, but it nceds world g'civernmental mtervennon
l can

l\amn disciissy

free markct one for the launcher Arinne and the other for the data
produced by SPOT, an earth-observation satellite. They were fouinded
procisely becaiise we thought it would not be right for the govern-

ment a;,cncxes that dcvclopcd these products to approach the mar-

manage pr()ductmn and sale of siich products must behave as a

private corporation.
mmlhor g(md 0‘(’"11}318 dwusscd by Ramo is alrlme navlganon

mrpnrall(ms ha\'c to participate 1n dCblgn producllon and operatlon
of such systems. Howevcr, ovemll systems responsnblhty must be

H"rc I must add that wxllmgncss is necessary, 7too

~in the 19708, an exceptional effort involving 20 contries, mcludmg
the United States through its administration, resuited in a satellite-
based ravigation system proposal: But it encountered airline reluct-
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ance, and in 1977 it was finally killed by the U.S. Congress: This
w as a sad cvcnt tor 1ntcrnat10nal cooperatlon

at least four thmgs thé willingness of partners free enterprlse ac-

tivity, governmenhl support, :md Internatlonal Looperatlon Plan-

arca is so now that there will be, for a long time to come, much that
is une\pectcd Nevertheless, we 1 ay ant1c1pate progress w1th con-

Astronauticnl Federation encourage thls hope Its theme was ‘Space

2000,” and many rather short-term, focused projects were discussed,
for incvitably the vear 2000 is entering | the short-term plcture But
this also reflected the trend towards realism, which is a symptom of
good health. The proceedings of that congress include the following:
+ analysis of possible systems for telecommunication in the band of
20/30 gigahertz;

« comparison of three earth resource  atellite jﬁibgfde—Landsat of
thc United States, Earth Resources Satellite (ERS) of ESA; and SPOT
of France—and stiidies on their developments;

+ discussion of manned space stations, conducted in the presence of
18 astronauts from five countries—clear evidence of progress in in-
tcrnano:ﬁl cooper'mon,

and hnallv -
e avery nod discussion of the necesmtv of developing international

laws for space.

So, wnmdennb all that 15 happemng, and even though we WIH have
“111 be rapid progress in the coming vears, as there has beer over
the past 25 veats:

Space is otir future, the future for all of us here. We are pait of
the four billion astronaiits, cosmonauts, or spationauts living on
spacecraft Earth. Space is a common concern shared by all the world’s

people and so must provide opportunities for cooperation and peace.
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EbwiN MANSFIELD )

Department of Economics
University of Pennsylvania

I found Sinton Ramo’s paper very mterestmg and valuable. Ini my
comments, 1 shall focus on the economic and commercial 1mp]1catlons
of the space program. In particular, I shall summarize very briefly
and selectively the results of leading studies carried out to estimate
the economic benefits from the space program:

First, I should describe the questions that these stiidies were de-
signied to help answer. As Ramo pointed out in his paper;, ““when
America launched its space program, it was an emotional reaction
to the sputnik blitz," not the result of a carefully reasoned optimi-
zation of all our research - < development opportunities; Nonethe-
less; it was not lorig beforc  -omists and policy makers were asking
questions llke these: Hc- +e are the e.fects of our investment in
space R&®) on the rate + _ su:li tivity increase in the private sector

of the ecoromy? What 15 the social rate of ret.arn; or berefi:-cost
ratio; from this investment? How do t::2 benefit. from the -pace
program compare wrth the opportumt) costs?

None of these questlons is easy to answer. To obtam mformatwn

croeconomic studies *ased on aogregate productxon functions: Per-
haps the best-known of th~se studies was carried out by Chase
Fconometrlcs in '975 Clmce ccncluded that over a decade, a one-
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conit rate of rotiirn. Overall, Chase concluded that one-billion dollars
sustained increase in NASA R&IJ per viar would increase the gross
national product by a cumulative 83-billion dollars by 1984.

Chase’s study has been subjected to a variety of criticism. The
General Accounting Office concluded that there was considerable
instability in the equation used by Chase to exphln the residual in
the production function: The time period used in the study is short,
relative to the loig lags often involved in the introduction and dif-
fusion of new technology. Moreover, an updaiz of the Chase study,
usmg data for 1956 to 1979, showed a statlstlcally wpak relatlonshlp
between NASA R&D and changes in productivity. Despite these
criticising, however, macroeconomic investigatiors like the Chase
study have been of considerable interest.

A second tvpe of study has focused on NASA's record< on pro-
grams designed to transfer technology or to encourage its transfer.

For ¢xample, Henry Hertzfeld has presented data indicating that
NASA granted 860 specific patent waivers between 1961 and 1975,
and more than 20 percent of the relevant inventlions have been cori-
mercialized. He also found that NASA has received about 3500 pat-
ents i both coitractor-develuped and employee-developed inven-
tions; for which NASA has gran:. d more than 500 licenses (on 200-
pliis patents) to both firms and individuals. However, only about 50
of these inventions were reported as commercialized by the begin-
ning of 1979. In part, this may be due to NASA’s basing its decision
to patent on many consideration . other than the invention's pros-
pucts for cominercial success and to undocumented or unreparted
use of many of these inventions in the pnvate St Lor

A third type of study has focused on the ecoromic beriefits from
individual innovations that stemmed from, or were hastened by
NASA R&D. Perhaps the best known study of this type was con-
ducted by Mathematica in 1975. This study conicluded that seven-
billion dollars in benefits to the economy (by 1984 zould be ascri ed
b NASA's invelvement in stimulating the devclop went of sryogenic
ii-calation; gas turbine . ngiries, mtegrated circuits, and NASTRAN
(u cuimpter prugra: m mr analy zmg structural propertles of vehicies).

Mis very significant stream of benefits stemming from only -hese
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four examples suggests that NASA's spending has had siguificant
impacts on the private economy.

The case of cryogenic insulation illustrates the nature of the analy-
sis. Mathomahca estimated tlw increase in costs 1f the next best

probably by about five years: Based on tho five-year flgure and a 10
percent discount rate; the present value of the benefits from 1960 to
1983 is about one-billion dollars, which is hardly chicken feed.

In general, stiidies of the third type have received less criticism
than the macroeconomic studies cited earlier. This is due partly to
the faCt that the mlcroeconomlc studles are baﬁed dxrectly on data
lation and partmonmg of an aggrogate residual, wluch is difficult to
interpret. However, studies of the thiid type do have their own
weaknesses. They too are frequently only blunt instruments; and in

some important cases they cannot (or should not) be used at all.

Thus, many economic studies have focused almost exclusively on
tlu short-term, often indirect, benefits of the space program. Eco-
amic forecwtmg being whiat it is, ecoriomists are probabiy wise to
stay relativelv close to the present. But it is, of course, quite possible

that the great economic effects of the space program, some of which

are discussed in Ramo’s paper, may occur largely in the more distant
future and may be quite differeiit from the short-term effects. Many
ot the scenarivs that lave been sugpested by technoloalists are strik-
ing indeed. If any of them co 1zs to pass, the economi. effects coiild
dwarf those reported in the economic studies conductec to date.
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Dick PrestoN (Star Foundation) An American; Ydward Everett
Hale, wrote a book on the brick moon—the first man, s far as |
now, to suggest commercial use of a satellite for the purpose of
ation:

With Roger Chevalier now in charge of the International Astro-
nautncal Fedcratmn (lAF), v'mt do you believe is the possnbxhtv for
inteimational cooperation on building an expepmental space station
for research and for international cooperation?

Rocer CHEVALIER It is difficult for me to speak as president . ¢ the
iAF on this subject. The purpose of the 1AF is not to propose pro-
;,,r“!ms but to asse mde people to dlscuss what is being done in their
joint prog,ram is certamly an mterestmg p0951b111ty In the Eurhpcah
Space Agency we have developed Some programs among the f.u-
ropean countrics; the first one is a satellite launcher, Ariane. The
second one is Spacelal; which is a part; in fact, of the shuttle program:
50 it is the begirning of cooperation between Europe and the United
States. On the Arinie program, France is the leader; on Spacelab,
Germany is the leader, and on the satellite called MAI\I:CS [Marltlme

Eumpean Corrnmunlcahons Satellite], & ngland is the leader. We preFr

oy gamzatnon assume primary responsibility for a project.

SimoN Ramo  Americans should keep in mind that; in space and
in technnlogv anld sc:ence in general thc combmatlon of Europe and
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Thus, in the future, we all will inevitably be sharing contributions
to scisntific development ard utilization. As Roger Chevalier stated,
competition has advantagss. We have, in the past, had more exten-
sive plans than we have today for cooperation in space. Unfortu-

nately, the United States bowed out unceremoniously and suddenly
becatise of budget recluctions. Even if we assumme the reductions
were absolutely justified from the standvoint of the United States;
they still left the Europeans holding the bag, after they made sub-

stantial investmeiils in two expensive projects, especially as viewed
by our European partners. One concerned Halley’s comet; and an-
uther involved the exammatlon of solar flares [the International Solar
Polar Mission]. The United States portions were cancelled. I think it
would be sensible; in the future, to conduct projects like space probes
to Jupiter and Saturn cooperatively. These programs are big and

expensive, and they will not bring immediate economic returns, but
tather will furthe- our understanding of the basic laws of nature.
They are of valie to the entire world. I thlnk we will see and under-
stand this, and necessitv will force cooperation on us. We will have
to improve our organization and, perhaps in the United States, learn
how to make long-range commitments and stick to them; so that we
will be regarded as a credible partner in this kind of research activity:

When | categonzedi American booster business going overseas as -
a sa”d event, | was referring tb one very specific asp"e'ct bf th"a’t situ-
case if we looked at all that needs to be done in space; and che
vatious nations and companies of the world looked at what they
thought they co,;ld de sensed the 'narkets, made their risk
invertmen.s, tried . b.  tand first, and realized o return on their

iﬁi;é\’st’rﬁé" v 1orwithout gover.nment1nvolvement) Itis another

andl aucxdenhllv leaves a gap that could have been readlly filledt Dy

the country’s existing technolog, -
We a *e row entering an era in whlch, in view of the Strength OF

dl\'ldll?llv thmk make more sense f01 us to do, with recognition of
tlie fact that others are in the game as well. We will be right on
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some things; we will be wrong on others; and we may find ourselves
sometimes duplicating each other’s efforts. We may find we have

picked out a nitch especially suited to someone else instead.of our-
selves and fail. And that will be true for others as well.

Rocer CHEvALIER | do not consider the space shuttle and Ariane
as competitors. They are; in fact, complementary; they do not have
exactly the same goal. I am sure that; in the future, for reasons of
cost, it will be necessary for certain small satellites to be lauinched

by conventional launchers instead of the space shuittls,

Jonn Garorneir (U.S. Coast Guard)  Will anything be practical

tomorrow that is not practlcal today7 Gur whole dlscussmn on the

tabhshed as practical today. What are some of the new economic

enterprises that might be developed in the next 10 to 15 years that
are not practlcal today?

SiMoN RaMo  ihere are, undoubtedly, apphcatlons in space that
we do not even understand and have not even put our fingers o1

But there are also some appliraticns that have been specified

described: Most of these do not yet seem economically sensik
On such things as manifacturing in space, for examp'e, i.

experlments have to come flrst And these _experiments orx expt

mvolvmg manned missions. Engaging in automatic manufacturing
in space first reqmres developmg a whole Tange of techmques that
or cannot manufacture m space i a practmal way.

We must also remember .3+ at this time we still have a backlog
of unfinished business. As I u:dicated it my paper; the airline nav-

igation and traffic control system is an obvious case in which we
have not made the necessaty mternahonal ar rangements to accom-

m..':lequate. Maybe as the rest of the nioncoramunist wotld becomes
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more active in Qpébé that - nli push such th’i'n’gs’ i cmnpeﬁm But
earth resourcés Satellltes, the Europel ns Are .ommg mto that ﬁeld
The U.S: earth resources satellite projact. Lzndsat, is still in the
.osearch stage. It has nct yet shown that it will locate valuable re-
suuirces, and Landsat is niot yet read for free enterprise. It is unlikely
that an American entrepreneur, a private corporation, no matter how

large; is going to want to take a billion-dollar risk to see if it can™"

further develop earth resources satellites. When we note that £xxon,
a corporation in the 100-billion-dollar category, has decided not to
ake the nsk of developmg the capaaty to obtam lquId fuel from
emment budgets. In this partlcular period; that kifid of government
investment is at a low ebb:

We have a lot of urifinished business, promising projects that need
to be investigated. Ve have only proceeded i0 or 20 percent along
these lines of investigation, so I do not feel compelled to lengthen
the list; partlcularlv when the additional items look even moré ex-
pensive and even more speculative than those already in process.

In a few vea' :, however, the whole sitnaaon may change:

Aniey
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GErALD HoLTOK.
Devartment ot Physics
Harvard University

What iies behind our desire to consider the quarter of a century since
the launch of mankind’s first probe into orbit? It is; perhaps, the
feplmg that the time is ripe for an irformed look in each direction—
some ¢ ,Deculatlon abiitit the future and a first assessinent of the recent

. past. Some may feel, as I do, that this leap into space witnessed in

our time will remain part of the permanent memory of mankirid,

alongside the historic meniory of the great journeys of adventure

and dlscovurv that formerly fnund expressxon in epzc form. People

media; be descrlbmg our aCLomplll,hment of lran5cend1ng our-phys-
ical dependence on the earth somewhat as we still are singing Ho-
mer’s song to relive the voyage of Odysseus beyond the botindaries

of the classical world:

[ cannot help wondermg what history will say about the topic of
this section, ““Scienice and Space.” I venture iy brief speculations.
The first is that; in retrospect the intentional expioration of the solar
system; by means of those remarkable earth-launche d physical in-
struinents, was prepared for by, and dependent on, a series of equally
daring, mental launchings into space: Science and space have in fact
been Siamese twins {rom the siart: qpac«- "45 been the foremost
laboratory of the scientific 1mc.g1natlom——from the pre-Socratics who
toyed with the question of the hu-'ts of space, to Aristotle and his

followers for whom the cosmos was not only finite but relatively

small, to Kepler who could envisage something like the law of con-

85
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servation of momentum by thinking about mutually attracting and
colliding bodies in space;, to Galilec for whom space was not yet
Euclidean but warped, and on to Newton and the modern period.
lii 4 sense, which will become more obvious as time passes, the
space age really started not with Sputnik I but with those early ex-
plorers of the mind’s own spaces; whose conceptions were the nec-
essary preparation for the launching of the hardware:

There are several candidates for a designation of the father of the
space abe My own prefe"ence is a phllosopher, athematlcmn, cos-

ately, a crater on the moon has been named after hlm A good
dcscrlptlon of his work is in Alexander Koyré’s great book, Front the
Closed World to the Infinite Universe. Nicholas of Cusa, who lived from
1401 to 1464, was one of those who tried to break out of the geo-
centnc anthropocentnc f:mte and luerarchlcally sequenced world

He }.,hmpsed the dizzyi 1no potentlal of space and entertamed a very

dmerent universe: open, unboninded without natural m.oordmatlon

essvntmllv mterchangeable components. Techmcal]y, his step is called

the “infinitization of the cosmos,” an idea so new then that it was
ignored by Nicholas of Cusa’s contemporary, Copernicus, who thought
the world was C(‘“ltamed w1thm a sphere of about 20 OOO earth radii.

considered in motion. The earth then Joms the ranks of the noble

stars, and he @ven imagined tl'at the stars may also be endowed
with life forms. Most of his readers recotled in horror and vertigo,
except Giurdano Bruno. whiy embraced these ideas, and who, by
being burned at the stexe in 1600 for such heresies;, became (so to

speak) the first space casualty: Thereaiter, however, Nicholas’ ideas
became more and more influential. , B
Niéliél;is 6? Cusa was & pfdrﬁiﬁeﬁt perseh, ‘but. u kﬁdw all too

title Oji Lmrnﬂd Ignorance which I jik» to think started the spaf'e age
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542 years ago, some of the most adventurous of his scientific-phil-

osophical writings have been lost to history:

My flrst speculatlon, then, is > my thought of the rea] father of the
run; will tell our story? Will the future students of our accompllsh-
ments have reliable information, more reliable than we have about
our predecessors7 Who is now concerned with preparlng accounts
that can withstand thie scrutiny of the ages to come? Who is saving
the database, the less ob vious documentatlon of successes and fa:]-

able to handle the science; the technology, and the 1ndustr1a] and

administrative components of modern space achievements?

Thete are a few who can. They are the historians of scfence and
technologv On the members of that young profession w« shall have
to rely for the preservation of the record and for the assessinent and

the suthentication of what really has been happening during the

recent heroic period: We are lucky that a few such pccple in the
United States dedicate their lives to such scholarship: 7

Trere are also
such scholars outside the USA, particularly in the Ua.‘,sl;, which in-
cludes the historians of science and technology in it~ Academy of
Sciences and which has a well-financed Academy kotitute in this

fleld In France thefe is aiso a VIgOIOtI:ly growmg ptesence in the

profcss:onals are few, and in the Unlted States their support and the
1nfrastructure of their proFssmnal socletles are now under severe

mmers m ~mg of our tlme, and where wxll tiwwy get their infor-
it }r..cm

_ This sympos:um is, of course, a good step in the rignt direction,
the more so 1f we can bnng out novel or. unusual pomts of view for

Freeman Dvson, born in 1923 in Crowthorne, Eng]and earned hlS
Bacheior of Science degree from Cambridge, where he later becaine

a Fellow of Trinity College. He first came to this country as a Com-
moniwealth Fellow at Cornell -nid Princeton unlversmes In 1951 he

emigrated to the United States peu..n..ent]y, ecoming . professor
at Cornel! that year and then moving to the Institute for Advanced

"2 Wed
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Study in Princeton in 1953. Dyson became a naturalized U.S. citizen
in 1957, and in 1962 and 1963 he was chairman of the Federation of
American Scientists: He is a Fellow of the Royal Society, a Fellow of
the Amencan Physmal SOC1ety, and a member of the Natlonal Acad-
emy of Sciénces. Among his publications is, of cotirse, that dehghtful
bOOR w1th the unsetthng tltle Dzsturbmg the Umverse (1979)

member of the Space Scxence Board of the Natlonal Academy of

from the Netherlands Academy (1966), f-a b,gheé Medal from the
Royal Society (1968); the Max Planck Meds) frem the German Phys-
ical Society (1969) the J: Robe-t : > »enhei.ucs Memorial Prize from
the Center for Theoretical Stuc :. - -70), the Harvey Prize from the
Israel [nstitute of Techivology (1977), and the 1981 Wolf Prize. When
you ask him what he does;, he will tell you he is a mathematical
physicist who is interested in astronomy. But we know better. He

is mterested in any questlon that may have a scxentlflc solutlon
Botn elbht days after the end of World War 1 in Utrecht, the Neth-
erlands, van de Hulst felt war’s impact in his student days, when
his teacher, M. Minnaert; was dragged off to a World War II hostage
camp: Left behind, much like Kepler in similar distress centuries
earlier, the student turned his thoughts to astronomy: In 1944, he
completed his seminal paper predicting the 21-centimeter line for
radio astronomy. While he was wondering whether a traiisition aris-
ing from the hyperfine splitting of the lines in the hydrogen spectrum
would be easily detected, his calculations revealed, to his astonish-
ment, that this transition, which occurs in the most abundant species
of mattar in the universe, manifests itself in radio waver of an almost
ideal freqtiency. ”Isn’t now the whole sky gleaming at this wave-
length?”’ is how he expressed the implications of his work—a vision
worthy of Ezekiel.

Van de ‘Hulst received his Ph:D: from the University of Utrecht

in 1946, and six years later he became a professor at Leyden: He has
been a wsmng profe=:or several tlmes mcludlng 1931 e M
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a radio horn out of a window in Lyman Laboratory to test—and
prove—the existence of the 21-centimeter line: In 1958 van de Hulst
was clected the first chairman of the International Commlttee on
Spaco Rescarch (COSI’AR) and he remamed on that committee until
1963. During the same period he also undertook the long-term re-
sponsibility of chairing the Netherlands Committee for Geophysics
(iiid Spﬁéé Résedféﬁ Aﬁéﬁg iiié éi&ié?&é 5Fe Eﬁe Eaaiﬁgiéﬁ Meaéi of

the smttcrmg_, nf llght in planetary atmospheres

The final commentator is Gerald J. Wasserburg. Born in 1927 in
New Brunswick, New Jersey, he served in the U.S. Army during
World War 1I. He obtamed hlS Bachelor of Sc1ence degree in Physms
Ph.D:. in Geolog,v in 1954. Since 1962 he has been at the California
Institute of Technology, where he is John D: MacArthur Professor
of Geolugy and Geophysics.

Among Wasserburg s many awards are two Dlshngulshed Pubhc
tration. He has received the Arthur L. Day Medal of the Geological
Society of America and recently accepted the Arthur L. Day prize
and lectureship from the National Academy of Scierces and a Smith-
sonian Institution Regents Fellowship. He is a member of the Na-
tional Academy, a Fellow of the American Geophysical Union, the
American Academy of Arts and Sciences, and the Geological Society
of America: Wasserburg’s research involves the application of the
methods of chemlcal physncs to geologlcal problems, the measure-

scales, and the time scales assoclated with nucleosynthe515 as mferred
from isotopic studies. His professional interests include a passionate

concern for the futare of scientific excellence in this country.
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FuhL\m.\J DYSON )
Institute for Advanced Study
Priniceton, New Jersey

TWO POINTS OF VIEW

Science has never been the main driving forcz of the space program,
and the space program has never been the main drlvmg force of

at its most creative when it can see a world in a grain of sand and

a heaven in a wildflower. Heavy hardware and big machines are
also a part of scienice, but not the most important part: Conversely,
the space program i is at 1ts most creatlve when 1t isa human adven-

The main drlvmg forces of the space program have been political,
military, and commercial rather than scientific. If we measure the
size of programs by total effort and budgetary outlay, then roughly

10 percent of the space program is science and roughly 10 percent

of the science program is space. Nevertheless; the 10-percent area
of over]ap between science and space i is of v1ta1 importance to both

science during the iast 25 years I shall try to derive some useful

lessons for the future: My conclusions are necessarily personal; based
90
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on limited experience and partial knowledge: Fortunately, there is

sp'xce in thxs volume for other oplmons

mlure by missions done and not done. An examlnatron of the last

25 years from such a point of view reveals a large number of splendid
successes, a smaller number of sadly mlssed opportumtles, and a

professmnals, and it is also the point of view of the general public
insofar as the general public is interested in space science at all. 1
do not claim that the mission-oriented approach is wrong: But it is
not the whole story:

Since | come from the smence s1de, I look at space sc1ence wnh a
science-oriented approach, which measures the success and faiiure

of missions by looking at the quality of their scientific output. This

approach sees space science as embedded in a wrder context of
questlon—Dld it work?—biit also the more dll:flcult questlons So
what? What did we really learn? Was that the right thing to observe?
Was that the quickest, or the cheapest; or the most effective way to

make the observation? The science-oriented approach does not be-
lieve in - pass- fail gradmg Saennﬁcally speaklng, there can be total

w1ll,ralse new questlons as often as 1t answers old ones.

I like to deal in particular instances rather than in generalities, so
I will begin my discussion with a concrete example—a successful
space mission tl1at l know somethmg about because it was conceived

taking hlgh resolution ultrawolet spectra of hot stars and measuring
absorption lines prodiced by atoms and ions in interstellar gas. It
was supposed to last for one year and actually lasted erght produc:ng

ton are still studylng and publishing papers based upon the data.

33
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The Princeton astronomers are justly proud of their Copernicus; they
invented it, designed it, fought for it, used it, and nursed it through
its declining years—a remarkable achievement for a small university

department and for the NASA Office of Space Science and Appli-
cations,

But from the science-oriented point of view, the picture is more
complicated: The original idea of Copernicus arose in the 1950s in the
niinid of Lvman Spitzer, who was, and still is; a pioneer in exploring
the iature and distribution of interstellar gas in our galaxy. At that
time the main evidence for the chemistry of interstellar gas came
from narrow absorption lines of sodium and calcium seen in the
optical spectra of certain stars. Sodium and calcium are the only
elements that have absorption lines in the part of the optical spectrum
seen with grotind-based telescopes. But,they dre minor constituents
of the gas, so the sodium and calcium lines do not give good infor-
mation about the behavior of the gas in general. The majority of
atoms in thie gas belong to the common elements hydrogen, carbon,
mtrogen, and oxygen, Wthh have absorptlon llnes only in the far
orbit a far-ultravmlet telescope able to record and meastire ac,c,urately
the absorption lines of the abundant elements in the interstellar gas.
NASA agreed, and Spitzer’s telescope was approved in 1960 as the
third in the series of Orbiting Astronomical Observatories: The con-
tract for its constructior was signed in 1962, with launch originally
scheduled for 1965.

For various reasons; partly technical and partly pohtlcal the launch
of Copernicus was delayed seven years, so that a telescope designed
to ariswer the scientific questions of the 1950s was not launched until
the 1970s. Biit between the design and the launch of Copernicus a
revolution occiirred in radio astronomy. Radio astronomers observ-
mg trom the ground learned how to see the mterstellar gas w1th

chemlcal composmon of the gas Millimeter- wave telescopes on the
ground did a large part of the job Copernicus was designed to do;
more quickly, more cheaply, more comprehensively. This does not
mean that Copernicus was scientifically useless. Its observ,atrlonsrcqm-

plemented the millimeter-wave observations nicely, giving infor-

100
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mation especially about the dilute high-temperature component of
mterstellar 8as, whlch is mvlslble to radlo-telescopes

e‘(Cltlﬂg scientific questlons of the 1970s: By then we needed an
ultrav;olet telescope w:th wh1ch we could study the new]y dlscovered

dvnamlc processes are occurrmg All the newly discovered ob;ects
are faint; and Copernicus—because we had irrevocably chosen to sac-

rifice light-gathering power for the sake of high spectral resolution—

could not see tamt ob]ects The on]y time GDpermcus had a chance

the Rorthern sky for a few mghts in August and September of 1975.
Of ¢ course Copcrmcm was only one of many successful m1551ons in

time-scale between science and Space missions. The cuttmg edge of
science moves rapidly. New discoveries and new ideas often turn
whole fields of science upside-down within a few years. The dis-

covery of puls*irs in 1967 burst on the 1stronom1cal scene as suddeniy

vear, the way we thought abotit the late phases of stellar evolutlon
The effect of such discoveries is to change the priorities of science,
to change the questlons we want to answer. Every young scientist’s

dream is to be able to say what the 19-year-old mathematical genius

Evan:,te Galois said in 1830 ”l have carried out researches Wthh

will halt many savants in theirs.” Scierice must always be ready to
halt and sw1tch 1ts ob)ectlves at short not:ce Therefore the tools of

are hard to achieve in space missions: in the space program, plans

for missions and designs of instruments tend to be frozen many
years in advarce. Coperiticiis, with a 12-year interval between design
and launch, was perhaps an extreme case. But intervals of 8 and 10
years are not uncommon. In most major space missions, the instru-

ments were designed to answer the questions that seemed important

to scientists a decade earlier: The bigger and more ambitious the
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mission, the niore difficult it is to reconcile its time-scale with that
of science. Space science begins to look more and more like a_two-
horse %h’a'v with a ta'r't’hb'ré.é a"n"d a 'rd'céihb'r'sé harnessed 't'o'g'e”thé'

Blgger budgets and gr’mder niissions do not neaessarxly lead to better

. The most important discoveries are those

that could not have been planned in advance:

HISTORY

What should the space program do to recapture its lost youth? Before
answering, | will look at the history of the first 25 years of the space
program from a science-oriented point of view. Looking at the past
provides an opportunity to learn from mistakes how to do better in

the future; and to learn from successes how not to do worse in the

future.
The 25 years s since S;mtmk I divide themselves conveniently into

in December 1972. It is a particularly instructive period, because we

can see clearly; with the benefit of hindsight, which parts of the
space enterpnse in those years were sc:ent:f:callv the most produc-

dlctabie The most expensnve missions produced the least significant
science; and the cheapest missions produced the most exciting sci-

eiice.
'[ he space probram of the Apollo penod 1ncluded three main types

unmanned planetary missions culminating with the Mars and Mer-
cury Mnrmcn-, and a series of x-r ay soundmg rocket missions cul-
minating with the laurch of the first x-ray satellite, Uluru. The costs

| 20Y
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of the Apollo missions, the Mariner missions, and the x-ray missions
were very roughly in the ratio of 100:10:1. We cannot attach numerical
values to the scientific results of the various missions; to some extent
these are a matter of personal taste. Nevertheless; I am prepared to
say unequivocally that the beginning of x-ray astronomy; opening 2
few window on the universe and revealing the existence of several
new classes of astronomical object, was the most important single
scientific fruit of the whole space program. The newly discovered x-
rav Sources gave an entirely fresh picture of the universe; dominated
by violent events, explosions, shocks, and rapldly varying dynamic
processes. X-ray observations finally demolished the ancient Aris-
tntchan view ut tlu celestnl universe as a serene reglon, populated
qulesccnt universe of Aristotle, which had survived the mtellectual
revolutions associated with the names of Copernicus, Newton, and
Einstein essentially intact; disappeared forever as soon as the x-ray
telescopes went to work. And the new universe of collapsed objects
and cataclysmic violence ongmated in the cheap little sounding-
rockets of the sixties, popping up out of the earth’s atmosphere and
observing the x-ray sky for only a few minutes before they fell back
down. Thé most brilliant achievement of the sounding-rocket era
was Herbert Friedman’s 1964 measurement of the angiilar size of the
x-ray source in the Crab Nebula using the moon as an occulting disc.
Yet the cost of x-ray astronomy in the Apollo period was much less
than one percent of the total budget for space.
The manned inissions; which absorbed the bulk of the ¢ space bud-
get in those days, yielded a harvest of solid scientific information

about the moon. Samples of various types of moon rock were brought

ified and its early history elucndated its seismic and magnetic char-
acteristics were measured. All this was good science, but it was not
grmt science: For science to be great it must involve surprlses, it
must bring discoveries of things nobody had expected or imagined.
There were no surprises on the moor. comparable with the x-ray
burst sources or with the x-ray binary sources, which gave us the
first evidence of the actual existence of black holes in our galaxy.
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Everything discovered on the moon could be explained in terms of
conventional physics and chemistry.
The unmanned planc ary missions of the Apollo period were in-

termediate, both in cost and in scientific importance, between the
manned missions and the sounding-rockets. They were less costly
than Apolio and less exciting 5c1ent1f1cally than x- ray astronomy.
Perhaps the niost exciting aspect of the planetary missions was their
techinical brilliance. The triple encounter of Mariner 10 with the planet
Mercury, a game of celestial billiards invented by Guiseppe Colombo,
demonstrated the spectacular skill and daring of the engirieers at the
Jet Propulsion Laboratory: The Mariier missions gave us, in addition,
some beautiful scientific surprises—high temperatures and pressures
and the absence of water in the atmosphere of Venus; giant volcanoes
and canyons, ancient craters;, and the absence of canals on Mars—
but the surprises were nou of such a magnitude as to cause a scientific
revolution: The newly discovered features of Mars and Venus were
mysterious but riot wholly umntelllglblL The Mariner observations
were a blg step forward in the understandmg of the planets; they

w1th the f1nanc1al input. If this law held universally, the adminis-

tratlon of space sc:ence prbgrams wouid be a s:mple matter Just cut

gerial method does not always work as it should The hlstory of
space science in the post-Apollo period shows a more complicated
pattern.

In the 1970s we agam ‘had three programs contmmng the work

Once agam the x- -ray observatlons were first in scientific 1mportance
During its short operational life; Einstein poured out a steady stream

of revolutionary discoveries, including the discovery of x-ray varia-

bility of quasars on a time-scale of hours. The rapld variation of

104
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quasars implics that some of these ob]ects have a switch, which can
turn the energy output of 10-billion suns on and off within 100

minutes. The x-ray telescope allowed us for the first time to penetrate
close to the central core of the mystenous engmes that drlve these

vielded a weaich of new scientific information as well as pictures of
mwmparable beautv And again, the planetary missions outstripped
Skylab in scientific value. However, in the 19/05 unlike the '60s,
there was no longer a factor-of-ten difference in costs among the
three types of mission; they all had become comparably expensive.
Einstein was a little cheaper, not enormously cheaper, than Skylab.
Bv the end of the 1970s, we could no longer be as confident that the
smallest and cheapest parts of the space program were scientifically
the best. All parts of the program, irrespective of their scientific merit,
had come to be dominated by large and expensive missions, and the
program thereby lost the flexibility that the small missions of the

Apollo penod had kept allve

phmtarv discoveries; even though the Viking and Voyager missions

undesirable. On the contrary, the VOJaqer and qulem m1551ons Were

great scientific achievements, and all scientists should be grateful to
the United States taxpayers for the generous funding that made them
possible. Big expensive missions have an essential role to play in
space exploration, but a space scierice program Vneedrsr also tro put a
substantial fraction of its effort into small missions if it is to keep
pace with the shlftmg needs of science. A program dominated by
arge mlssmns is in danger of losing its scientific vigor, even if it

Large miissions have two outstandmg defects;, which are apt to
lead to scientific trouble. The first I already | mentioned: the long lead-
times, which make large missions inflexible and unable to respond
to new ideas: The second is the tendency of big missions to become

one- of—a kind. This defect is related to the pqlrtlcal climate within
which large missions must be presented to the government and to
the public. In order to secure funding for a large scientific mission,

the proponents must talk about the important scientific problems
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mmt conform the desxgn ot the mission to thelr promises. The mis-
sion then beuomes a one- shot atfalr, desxgned and announced to the

1nhappv example of this vne-shot syndrome is the Vzlunq mission;
which was forced by the political circumstances of its origin to accept
the impossible scientific task of deciding; all by itself, whether or not
life exists on Mars: if one looks in detail at the Vziung experiments,
it is difficult to imagine any combination of results that would def-
initely have proved or disproved the existence of life on Mars, unless
we had been lucky enough to find a cactus bush or an armadiilo

slttm&, xmmcdmteiy in front of its televrslon cam-ras.

far less ambitious and elaborate than Vzlunq, so that we could learn

from the results of one mission the rlght questlons to ask w1th the

mission on the next. In almost .any field of space science, whether
it be exploring planets or galaxies or earth, a series of modest mis-
sions is more likely to produce important discoveries thaut a single
big spectacular.

The baleful effects of the one-shot syndrome are clear riot only in
the Viking mission but aiso in x- ray and optical astronomy. The
Einstein x-ray observatory was magnificently productive while it lasted,
but it was a one-shot performance with no follow-on. We must now
wait many years before another mission can be launched to answer
the new questlons that Einstein raised. We would have been far better
off scnent:f:cally with two or three small Eznsteznc in sequence, instead

scientific 1ust1f1cat10n of Space Tequcope It is of course the grossest
heresy or treason for a scientist to express any misgivings about Space
Telescope. Space Telescope is the grand centerpiece of the whole space
science program for the 1980s. It will undoubtedly be a sp]endld
instrument and will extend iz n.dssively the boundaries of optical as-
tronomy. But I am uneasy when I hear its proponents soeak of it as

the telescope, one destined to dominate optical astronomy for the
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remainder of this centuiry. We scientists miist bu grateful for anythmg
nc can get, and 1 am mdeed grateful to NASA for prowdmg us with
TLIcswpc is a basket with too ‘many eggs rlding in it: It would have
been much better for astronomy if we had had several one-meter
space telescopes to test the instrimentation and see how the sky
looks at one- tenth—of—a second of-arc resolution, inStead of being stuck
with a single one-shot 2.4-meter telescope for the rest of the century.
Perhaps [ am being unduly pessimistic. Space Telescope can hardly

fail to make big discoveries when it comes into service in the 1980s.
But 1 have a sneaking fear that it may end up in the 1990s, as
Coperiiciis did in the 1970s, a glonous technical success but Scientif-
ically 20 ycars behind the times.

PLANS FOR THE 19805 AND 19905
Space Telescope is 'o'n'iy one item in the plans for space science in the
coming decade. The plans are subject to great political uncertainties.

A large number of ambitious missions have been proposed and rec-
ommended by various committees of distinguished scientists, but
few have been officially approved and funded.

Three missions, in particular, have been approved and scheduled
to flv in the 1980s: Space Telescope, Galileo, and Hipparcos. Space Tele-
scope and Galileo are shuttle missions, both stretching the limits of
budgetary and political feasibility: Both have been subject to long
delays and techinical uincertainities associated with difficiilties in the
development of the shuttle. Space Telescope is a general-purpose op-
tical instrument designed to give images zbout twenty times sharper

than the best images cbtainable from ground-based telescopes. It will

explore the fme detalls of seiected objects mostly very dlm and
N Ga]zleoﬁ 15 a planetary mlss;on, whlch will 7do for Juplter what kamg
did f'o"r Mé'ré ééhdihg 'p"r'o'b'éé déép ihtb Ji.ip'i'té'r'é é't'r'ri'o’éph'éfé éhd

satellites. Like Space Telescope, Galileo is a one-of-a-kind mission. No
further large missions to Jupiter are planned before the end of the
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will ha\e to wait a long time for a chance to find the answers.
Hipparcos is a bird of an entirely different color. In the first place,
it is not a NASA project. It belongs to the European Space Agency,
havlnb been invented and originally proposed by Professcr Lacroute
of Dijon, France. In the second place, it is independent of the shuttle,
being small cnough to be placed into a geostatlonary orbit by the

French Arinne 1 launch system: In the third place; it is cheap enough
to be the first of a series. If the first Hipparcos mission works well,
it will be easy to laurnich follow- -on missions to give us hlgher precisioti
or more cxtensive coverage. If the first one fails, it will not be a
major disaster.

Hipparcos is an astrometric satellite, designed to do nothing else
but nmeasure very accurately the angular positions of stars in the sky:
It will glve pOSIthI‘lS about 10 tlmes _more accurate than those meas-

unrevolutionary ob)ectlve but; in fact the improvement of ' positional

accuracy is of central importance to astronomy. If we can improve
the accuracy of angular position measurement by a factor of 10, we
increase by a factor of 10 the distance out to,whlchrwe can determlne
the distances of stars by the method of parallaxes. Thus, we increase
by a factor of 1000 the sample of stars whose distances we can reliably

measure. In other words, the improved positional accuracy will give

us a stereoscoplc,rthree dlmensmnal view of sevei;al hundred thou-

distance is known its absolute bnghtness is also known, and the

absolute brightness is the most important quantity determining the -
structure and life-history of a star:

’l he tenfold extensxon of our range of stereoscoplc vision w111 have
whose distances we can now measure accurately are a random saifi-
ple of those that happen to lie close to the earth; they are almost all

dwarf rnaln sequence stars 6f the commonest types, gwmg little in-

and known absolute bnghtness it will inclide many rare types, siich
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as variable stars of different kinds, which we are observing at crucial
transient phases of their lives. In this and other ways, the data from
Hipparcos will give us a wealth of new information aboiit the con-

stitution and evolution of stars and about the dynamical behavior of

our g’ilaxv The Hipparcos mission also includes a completely auto-

mated data-processing system on the ground, so that star positions
will not be measured laboriotsly one at a time but will be computed

wholesale in batches of 100,000. The data-processing system will be
a more revolutionary improvement of the state of the art of astro-
metry than the satellite itself.

| hope 1 am not exaggerating the virtues of Hipparcos. 1 do not
wish to embarrass my European friends by giving their brainchild
more praise than it deserves. But two facts about Hipparcos seem to
me to be of fundamental importance. First; it is the first time since
Sputnik | in 1957 that a major new development in space has come
from ottside the United States. Second, it is the first time since the
davs of Uhuru that a major new development has come from a small
and relatively cheap mission, one that can be repeated and further
developed without putting excessive strain on launch facilities and

budgets: These two facts are a good augury for the future. I believe

that space science will flourish only if we can move away from grand
one-shot missions like Space Telescope and Galileo toward smaller and
more tlemble m1551ons in the style of Hzpparws And Hzpparcm is

space science programs of Europe and Japan, glvmg us the com-

petitive stimulus that the Soviet space science program once prom-

ised biit has dismally failed to maintain.

INTO THE WILD BLUE YONDER

I Have been speaking very critically of the United States space science
program as it now exists. The program is not only in political trouble
but also in scientific trouble, and [ am deliberately emphasizing the
trouble we are in. It would be a waste of time for me to tell you
about all the things that we have been doing right; the way to a

better future is not to deny mistakes but to learn from them. We
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shall not succeed in overcoming our political difficulties unless we
also admit and deal honestly with our scientific shortcomings.

On a more positive note, I would now like to describe some of
the great opportunities that still lie open for doing first-rate science

in space—some possible directions in which we may look for a ren-
aissance, a new flowering of space science. Some of these new di-
rections could be started today; others require technology that may
také 10 or 20 vears to develop. I will try not to be too imaginative;
that is, [ will talk only about possibilities that have some chance of

being realized before the next anniversary symposium in the year
2007

wotld be startrng the flrl'St one rrght niow if we had our s¢:1ent1f1c
priorities straight, namely, the orbiting VLBI observatory designed

by Bernie Burke at the Massachusetts Institute of Technology (MIT)
and by Bob Preston and his colleagues at the Jet Propulsion Labo-
ratory. VLBI means very-long-baseline 1nterferometry During the

last 20 years the techniques of VLBI have been developed and refined
by radio astronomers working with ground-based telescopes. VLBI

is one of the most spectacular successes in the history of astronomy;
it already allows us to observe distant radio sources with angular

resolutlon 100 t1mes better than the best Space Telescope will be able

are stlll improving rapldly and leaving the optlcal astronomers further

and further behind.
The sec:et of sucgess in smem.e 15 to put your money qmckly on

Preston would be a s:ngle radio antenna of modest size, orb1t1ng the
earth in- an elongated elliptical orbit and adding its signals to the
existing network of VLBI telescopes on the ground. A similar orbiting

V[:Bi antenna has been proposed and desrgned by leolal Kardashev
1mprove the capabibties of the ground -based system by a factor of
about 10, and that would not be the end of the story. Like Hipparcos,
the orbiting VLBI observatory is a comparatively small, cheap mis-

sion—small enough to ride piggyback into orbit with some higher
priority spacecraft and cheap enough to be repeated if it works well:
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Within 10 vears we could havs a network of orbiting VEBI observ-
atories 1 in a vanetv ot orblts pushmg the angular resolutlon of radio-
piness of the interstellar plasma. And all on a learn-as- you-go basis,
free from the rigidities of a one-shot mission.

The second item on my list of good bets for the future is astrometric
spacecraft using and extendmg the technology of Hzpparcoc ThEre

Europeans. It would be extremely rewardmg to extend the range of

stereoscopic vision of optical astronomy still further, either by im-
proving the precision of the Hipparcos optical system or by launching
Hipparcos spacecraft away from the earth as far as Saturn to obtain
parallaxes on a 1C-times longer baseline.

The third project is optical interferometry, which shotild be as

spectacularly successful as radio interferometry has been on the ground.
Optical interferometry does not require large telescopes or large rigid
structures. Early missions could be quite modest, with baselines of
a few tens of meters and telescope apertures of a few inches. This
would enable us to map the optical structure of bright objects with
angular resolution 10 times better than Space Telescope. After that, we
could develop the technology further so as to reach faint objects and

achieve still higher resoltition. It took the radio astronomers 20 years

to learn the art of very-long-baseline interferometty. It will probably

take about as long for practitioners of the art of optical mterferometry

to catch up with them:
The fourth project involves active optics, that is; the use of optlcal

interferometry to bring light nonrigid telescopes into exact focus: The
different parts of telescope mirror siirfaces woiild be held in exactly
the right positions by servocontrols using feedback s:gnals from in-

terferometrxc sensors. Some efforts have been made to build an ac-

tive-optics telescope on the ground with a quick enough response
to compensate for the rapidly fluctuating distortions of the image
caused by atmosphenc turbulence. The same technology could be
used far more effectively in space, where the distortions are caused
by thermal relaxation of the telescope structure instead of by the

atmosphere; thus, the time available to compensate for distortions
is measured in minutes instead of milliseconds: If we work diligently
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at the techniques of active optics, we could soon have a poor man’s
Spuce Telescope with an aperture of one meter, which would be light
and cheap enough to be produced and deployed in substantlal num-
bers. We could then go step by step to bigger and more powerful
optical arrays.

Of course, all of my suggestions have been connected with as-
tronomy because that happens to be the area of my personal in-
volvement with space science. Similar opportuinities cettainly exist
for new departures in other areas such as solar physics, planetary
exploration, and the study of interplanetary particles and fields, but

I will not try to invent specific new missions in these areas: I am
not claiming that the four astronomical projects which I listed are
necessarily the best or the iriost important things for a Space Scierice
program to do. I am claiming only that they illustrate a new style
of operation; which could rescue all branches of the space science

enterprise from the doldrums in which they are now stuck:

In astronomy the advantages of the new style are particiilarly clear.
Optlcal astronomy wotuld move, as radlo _astronomy already has,
away from the old technology of smgle dishes and into the new

reserits the end of the old era rather than the begmnmg of the new,
which will be flexible, both mechanically and psychologically. If we
can begin now to explore in a modest way the technology of flexible

optical arrays, we should arrive at.the year 2007 with a variely of

instruments surpassing Space Telescope in power and versatility as
decisively as the radio-astronomical arrays of today sirpass the radio-

telescopes of the 1950s.
I would like to end my discussion with three additional examples

of longer rang. technological initiatives, which may help to open

new opportumtles for the space scientists of the future The flrst is
where it is called the 7m1crqspacecx;aftﬁ.” Tﬁhﬁe enorrfnouﬂs_advances in
data-processing technology during the last 20 years have been a result
of continued miniaturization of circuitry. The idea of the micro-

spacecraft is to miniaturize space sensors and navigation and com-
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mumcahons svstems so that the whole apparatus is reduced in scale
like a modern pocket calculator. There seems to be no law of physics
that says that a high- performance exploratory spacecraft such as
Vm/uqu must welqh a ton. We might be able to build vehicles to do
the same job in the one-kilogram weight-class.

A semnd technologlcal 1n1t1at1ve is a serious effort to explort solar
solar system; at least in the zone of the inner planets and the asteroid
belt: Solar sailing has never seemed practical to the managers of
NASA because the sails required to conduct interesting missions are

too big. Roughly speaking, a one-ton payload requires a square kil-
omctcr of sml to dnve 1t and a square kllometer isan uni:omfortably
Nobodv u;a nts to be the first astronaut to get tangled up in a square
knlometer of s’ul But the development of solar sails would be a far

velopment of mlcrospacecraft A one-kilogram mlcrospacecraft would
go nicely with a 30-meter-square sail, and a 30-meter square is a
reasonable size to experiment with. The problems of sail management
and pavload miniaturization will be solved more easily together than
separately.

My last technologlcal initiative also fits harmoniously with the
development of microspacecraft and solar sails. I call it the “space
butterfly.” It would exploit for the purposes of space scienice the
biological technology that allows a humble caterpillar to wrap itself
up i in a chrvsalls and emerge three weeks later transformed into a
23 vears this blologlcal technologv will likely be fully understood
and available for us to copy. So we may be able to think of the

microspacecraft of the year 2007 not as a structure of metal, glass,

and silicon,; but as a llvmg creature; fed on earth like a caterpillar,

lainched into space as a chrysalis, and metamorphosing there like
a butterfly Once in space 1t w1ll sprout wmgs in the shape of solar

telescopic eves to see where it is going, gossamer-fme antennae to
receive and transmit radio signals, long springy legs to land and

walk on the smaller astermds, chemical sensors to taste the asteroidal
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minerals and the solar wind; and electric current-generating organs
to orient its wings in the mterplanetary magnetic field. A high-quality
brain will enable it to coordinate its activities, navigate to its desti-
nation, and report its observations back to earth.
lam sorry I claimed that 1 would not be 1magmat1ve, and now I

itisa good bet that we shall have somethmg equally new and strange,
if only we turn our backs to the dead past and keep our - :yes open
for the opportunities which are beckoning us into the 21st century:
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Hexprik C. VAN DE HuLsT
Levden Observatory
Levden, The Netherlands

Freeman Dvson s msplrmg paper prov:des an optlmlstlc, darmg vi-
sion of the prospects for science in space. It is my task to complement

rather than to criticize what he has written.

I come from Europe,; and some of my comments may reflect that
fact. Europe is a continent of many languages and many cultures.
The mixture of languages can be annoying but it also gives us an
advantage. Far more often than the average American we have ex-

perienced situations when perfectly tinderstandable words are not

understood simply because they do not belong to the listener’s vo-

cabulary. This conditions us for the similarly blank faces that regu-

larly occur in joint work among people from different disciplines.

Such situations and the misunderstandings that may arise from them
can always be overcome by patient efforts.

 We have had the opportunity to test the seventy of the language
barrier in many real cooperative undertakings, not merely exchanges
of ideas or the making of arrangements to coordinate otherwise
independent measurements. A real collaboration is one in which
work to produce the hardware and software of a project is parceled

out among partners in such a way that the 1iilure of one part means

a complete failure of the prOJect as a whole. The European gamma-

ray Satellite COS-B was such a real collaboration: Some of our Amer-

ican friends predicted that COS-B would never make it because it
involved people from six institutes in four countries and Speaking

five native languages. Yet COS-B, latinched in 1975 and retired only

thls spring : after six éﬁa one- half years of excellent service, showed
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Europe spends considerably less money on space science than the

Uitiled States does; in spite of comparable gross national products

(GNP). The precise ratio of space science expenditures to GNP is
h1rd to gwe bec1u<e of the very. dlfferent accountmg systems. used

But it is a political fact, and I will not speculate on its causes.

HIPPARCOS

The encouraging words Dyson devoted to the European Hippircos
project pleased me. I say encouragement rather than praise, because a
satellite should not be praised before it is launched and has per-
formed. The European Space Agency selected this pro;ect frovn a
number of design studies in March 1980, and we have good hopes
that 1t w111 mdeed have the 1mpact on astronomy forecast by Dyson.
to completlon will be on the ord r of 200 million dollars:

Because Space Tetescope will have an extremely good astrometric
capability, some people have wondered if Hipparcos does ot rep-
resent an unnecessaty duplication. This is niot the case. If we compare
stars in the sky with fiduciary marks on a table-wide construction

drawing, then the capability of Space Telescupe is to study the config-

uration of points that can be viewed together in the field of one
magnifving glass: In contrast, Hipparcos can measure the mutual
position of points across the table and thereby determine whether
or not the drawing sheet is wrinkled or d:storted. Indeed; minute
positional distortions across the sky, _mostly arising from climatic
influences, form a notorious problcm in astronomy: That is the prob-

lem that will be addressed by Hipparcos.

LOOKING TO THE FUTURE
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rcprcsent

Just for cunosnv I recently reread a number of predictions on the
fnture of %pace science that my colleagues and | wrote in the early
An admlrable paper written by Herb Fnedmanl in 1965, when x-ray
astronomy was only three years old, predicts that by 1985 that new
kind of astronomy would be ﬂourlshmg along with radio astronomy
and optlcal astronomv He also predicted that the x-ray observatlon
portant Well, it certainly has, and well before 1985.

In the sanme paper, Friedman expressed the expectation that in
gamma-ray astronomy “‘clear prospects exist for the development of
pictorial instruments utilizing emulsions or spark chambers, and the
electronics for rapid analysis of large numbers of events with the
necessay selectivity.” This is a surprisingly accurate characterization
of the COS-B satellite, especially the selective analysis of large num-
bers of events, which is literally true.?

Distinguishing and recording a true cosmic gamma photon among
the events that trigger the various counters making up the total
instrument is like trying to find a needle in a small haystack: a search
for one from among 3x10°. The detailed numbers are about like
this:

: the outer guard counter, which discriminates against charged par-
ticles, tnt.,gers about 100 000 tlmes per second

: a cosmic photun occurs among the events registered by the spark
chambe aboiit 100,000 times per year.

Tvplcal gamma ray sources in our galaxy, fortunateiy, but not
predlctably, iave fluixes 50 times stronger than the one quantum per
year per square-centimenter estimated by Friedman in his 1965 paper.
The Vela source is even 400 times stronger. Friedman added the
opinion that “the challenge i is great enough to justify the most elab-
orate efforts.” We were nevertheless relieved that the greater yield
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has brought down the price per €O5B gamma photon from the 10

thousands of dollars once feared to a more comifortable 100 dollais
per photon.

MAN ON THE MOON

In the euphoria after Sputnik I, it was not uncommon to find books
or articles offering space colonization as a solution to the rapid in-
crease in the world’s populatlon ThlS 1rresp0n51ble optlmlsm has
to the nearby moon seemed less fantastic; and many smentlsts ex-
pected this would become common in the near future. In his 1965
paper, Friedman foresaw that in 1985 “live astronomers may feel

quxte at home on the moon.’ He also  Speculated that x-ray star-rise

tin accurate positions with modest equipment; and that the lunar

base would house neutrino telescopes.

The step down from this vision to the facts and expectatlons of
the present is more than a matter of a delay of a few decades, biit
I do not have the expert knowledge required for a deeper. analysis.

Personally, in the early sixties I did not expect to live to see man on

the moon. 1 was wrong. The "giant step for mankind” was made.
My doubts ‘were based on the thought that it would be too expenswe,

now expect to live to see Freeman Dyson 5 butterﬂles unfoldmg their
wings in space. [ hope [ am wrong again.

THE DYNAMICS OF PLANNING

In his implicit criticism of some past choices, Dyson addressed the
general question of how a space scierice program can responsibly be
planned. First, this responsibility cannot be dodged. Even in situa-
tions in which the scientist formally is only advisor and the power
of decision lies with someone else; it is the scientist’s heavy respon-
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sibility to give the right advice. All of my colleagues; in this country
and abroad, take this responsibility seriously:

Secondly, the process of choosing a few projects to be realized
from many proposals can be striictured in various ways. The Eu-
ropean Space Agency (ESA) has had success with Starting from a
long list of promising ideas, paring them to a shorter list for mission
definition studies, then to an even shorter list of phase A studies.
Fmallv one is chosen as the next pr0)cct In thls process ¢ of graduai
xmport'mce In the later stages; technical and financial factors add
their weight to the decision: The eliminated projects drop out and

have little chance of revival in a subsequent round, although the
possibility is niot specifically excluded. NASA relies more on the
setting of priorities; delays of a number of years are more common,
but dropouts are fewer. Both systems have advantages, and they
probablv will evolve toward each other.

Thirdly, making explicit the criteria used in the selection process
has been an elusive goal. Basic ‘and accidental considerations mix
freely together. Philip Morrison [see Coricluding Remarks, this vol-
ume| once made an analysis of the cnterla used by the Space Science
Board that has been very helpful to us.? Recently [ also sketched
how we have struggled with the definition of criteria in Europe.*

Fourth, it is impossible to play safe There was considerable com-
motion last vear about NASA's decision not to send a spacecraft to
comet Halley. ESA made the positive decision to send a fly-by mis-

sion with the code name GIOTTO. It takes courage to take such a
amblc In tact not havmg the capabxlxty of s]owmg the spacecraft

will portorm the most mterestmg part of their task in 10 minutes,
which means a vear’s money of the ESA science program spent (or
lost) in that short a period of time.

Fifth, planning a joint ESA-NASA project involves the 1d105yncra-

cies of both organizations, including their different hierarchies and
fiscal vears. In spite of some mishaps in the past, I believe that the
effort of coordination, including the realization of an occasional joint
prolect should continue.

Having made these five remarks, I will add the hope that in some
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time to come someone will be able to write a scholaxly book abouit

planning dynamics in space scienice. As in fluid dynamics, the author
should mtroduce certain dxrrensmnless numbers, lxke the Mach num-

field:

FR fruition ratio (some may read “frustration ratio’’)—the ratio
of the number of projects executed to the number of projects
through phase A planning:

PiC the ratio of project duration to career duration; this usually
is about one-third (10 yeats/30 years). The fact that it has
come <o close to one has repercussions that are not yet well
understood. The classical proverb “ars longa; vita brevis”
assumes that in any endeavor of interest this ratio is miich

larger than one: The PI principle (PI = principal investi-
- gator) so popular with NASA assiimes the opposite.
FTST  the fraction of time spent thinkirg. This number is not

specific for space science. If it gets too low; one may enter
a different regime in which responsible decisions are no

longer guaranteed:
PPratio the ratio of paper weight to payload weight (one of my
colleagiies insisted that this should be added). Evidently

this ratio should remain much smaiier than one:

SPACE TELESCOPE

First, Space Telescope is a joint project with unequal partners. An
arrangement has been made between NASA and ESA whereby one
out of every Seven persons working on it will be a European; and

one out of every seven dollars spent on it will come from a European
pocket. The cooperatiorn is excellent. A large telescope in space has
been a prime wish of both American and Eiiropean astronomers

from the very sfart Twenty years ago, in the Great Hal] of the

and the Internationial Ultrav:olet Explorer (ILE); though they are both

l~"zi

120



Hendrik van de Hulst 113

small and carry equipment that is now old-fashioned, have amply
demonstrated the great potential of telescopes in space. Yet Dyson
does not have much sympathy for Space Telescope, because it does
not fit in the rule of “small is beautiful.”

Being deeply involved in one part of the Spiice Telescope pro;ect I

have ad related feelings; they have taken the form of womes The

uie system of ground owerations. How can the hundreds of people
in indust:y and consultant firms, in NASA centers, in university
departments, and in the Space Telescope Scierice Inistitiite, who are
préparing the systems and the sub-sub-subsystems, ever be moti-
vated enough to make Space Telescope a success?

The Bible says that the tower of Babel; reaching into the heavens,
was a ﬂop becmse the bmlders ended up not undefstandmg each

management that NASA puts up against this danger gives final

protection: But the added devotion and good sense of the scores of
scientists working on the project make me confident that Space Tel-
escope can be a success. Probablv thls is what I-Iarvey Brooks meant
blend of hxerarchy and collegiality’* as the basis for NASA’s achieve-
ments:

A big project in space is by no means automatically a “’brute-force’’
project. It may—and Space Telescope is a good example—employ in
its minute details the same ingenuity that is characteristic of small
projects.

LIMITS
Since the start of space. 'rés'e'a'r'ch we have khdwh that the sky is not

space sc1ence9
The following answer sounds like a joke but must be examined
seriously: It is good that there is not enough money, for something
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o.noubh ideas. My fnends do not like this formulation because it is
pretentious and might give finance officers the wrong idea: Yet it
does describe thersxtuatlron in the European space science program,
and presumably also in the present American program. The situation
probably was different in the heyday of the Apollo program, when

the bottleneck may have been the ability to train and manage enough
po.ople m tlme to meet the blg goa] that was set: It sounds 51mp1e-—

glven the rather v1olent differenices in atutude that may ause. Un-
fortunately, this is not the time to examine such questions in depth.

1. H. Friedman; 1963; “The Next 20 Years of Space Science,”” Astronautics and Aero-

- wautwes 31 4047,

2. G. F. Bignami et al.; 1975, “The COS-B Experiment for Gamma-Ray. ,A,stron,omy;'f
5;’au Science In-.trmnmzmuon 1: 245-268; B. N. Swarnenburg et al 1981, S'ei:bh"d

H A' ay er-Hasselwander etal., 1982, Large- -Scale Dlsfnbm on of Galachc Gamma

. Radiation Observed by COS-B,’ Astranamy and Astrophysics 105; 164~175.

3. P. Morrison, 1975, “Rationale for Assighment of Priorities,” ch. 4 (pp: 21-25) in
Opportunities and Choices in Space Science, 1974, Space Science Board, National Acad-
emy of Scienices, Washington, D.C:

3. H. C. van d¢ Hulst, 1983 (in press), *'Planning S}daté Science,” ESA I'o'ii'riikil, April.




GERALD J. WASSERBURG
Geology and Geophysics =~
California Institute of Technology

Freeman Dyson has emphas:zed the virtues of a very limited Set of

activities, rather than present a balanced assessment of the remark-
able and diverse achievements of space science. He has made some
rather strong value judgments Wthh ‘may not have a sound basw

others. My approach will be to present some general comments,

some questions, and some prognoses

celebrated. Aboiit that time one of my heroes, Francois Rabelais, was
born. He was a great scholar and intellect of his centtiry, who,baigely
escaped being burned at the stake. (I hope I can do the same!) Two
of his works are Gargantua and Pantagruei. There is a section in these
books devoted to the hero’s explorations, which led him and his
crew to the kingdom of the quintessence called Entelechy: This was
ruled by a queen, who encouraged and supported numerous savants.
The g'r'o'u'p' of ad've"ri'ti.i're'r's ‘was, in fact, ééi’red by residents bf E'n’te'-

recovering from their mishap, they were ngen, at the queen s re-
quiest, a guided tour intended to exhibit the wonders of her empire
and the technologies developed there. At one place, the guide took
them to a hill from which they looked down upon a broad green
grassy field where medieval scholars—wearing the pointed caps sym-

bolic of their trade—were occupied. On inspection, they saw that

these individuals, all carrying measuring rods, were running around,
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Luring the,)u,mps of frogs, a laxjge number of ,whlch populated jhe
tield. Well, the leader asked, what were they doing? And why? The
guide explained that these were great savants and that it was their

principal interest to study the lengths and directions of frog jumps:
But what is the use of this endeavor? asked the leader. Well, the
gulde explalned, these are some of the greatest and most creatlve
scholars in Entelechy; they are the source of the methods that keep
our land bountiful and prosperous in times of peace, aid us to be
prepared in times of diﬁéei‘, and provide us with the means of
victory in time of war.!

This story, written fouir and one-half centiiries ago, shows that
thmgs have not changed much. The justification of the scientific
enterprise is still embedded in the total human and social enterprise.
The cogency of arguments brought forward in support of science is
not always clear, but the growth of technology together with science
continues to bear a complex but real relation to society.

About the frogs: I do not mind Freeman Dyson feeling a greater
personal excitement over the jumps his frog makes as compared to

the jumps my frog makes, but I cannot accept his statements about
the intrinsic value of his frog versus my frog: In other words, his
frog—he is, after all, a theoretical physicist—covers abotit two-thirds

ot the hlstory of the universe; my frog covers only the ‘most recent

v1ously, the injection of matter from one or two supernova explo-
sions; the formatlon of our star, the sun, from a iocal mtersteliar gas

evoliition of the sun and the planetary bodies, and the local formation
and evolution of life, plus some hints as to what could happen next.
My frog covers just our corner of the universe; and is not the whole

story. Bat it is one of profound scientific interest, which may be
pursued w1th dlgmty and v:gorous scholarshlp He may be tempted
factor; but thz available and 1mmed1ate information from the local
universe certainly demands immediate attention, which might be
reason for making it 1:1 or even 1:2.

Now; the title of this section is ‘‘Science and Space,” but I believe
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it should really be “Science and Exploration in Space.” Historically,
science and exploration have been strongly coupled. The charge of
the Apollo program was to put a man on the moon and return him
satelv Sc:ence was a minor 1sque It is therefore unreasomble to

plorations; but rather that it provide a most excntmg and substantial

complement to the main venture.

The Apollo expl(sratlons carried some sc1entxf1c experlments with

wrote an article; titled ““The Moon and Six I’ence of Science,” which
is a blt of an overestlmate of the cost of Apollo science. Given that
coin of intellectual and scientific value

However, we should not be too arrogant; the exploratlon and the
science should be put into some perspective. In 1970 I was part of
the U.S. delegation to the international Committee on Space Research
(COSPAR) meeting in Leningrad. I was to present the Apollo 11
scientific results The audlence cons:sted predommantly of sc1entlsts,

podiun I noticed that the hall was full; and the aisles were becommg

full. There was no room left either to sit or stand in that great hall.
My talk was well received, and there was a large ovation when I
finished, although 1 did notice that the audience seemed slightly

restless. I then suggested to the next speaker that he was much in

) FQCusmg., once again on science in space, I note that Freeman D
has iideed broiight forward a list of important science and science
management issues. These incliide the nieed to preserve flexibility,
to provrde room and opportunity for new ideas and new technolo-
gies, to have available a wide variety of instruments and missions
to take advantage of opportunities and new ideas, to reconcile the
ciirrerit time-scale of about 10 years for most spaceflight ventures
w1th the more normal t1me scale for sc1ent1f1c achlevement to have
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sions, and, lastly, to achicve a balance between large and small

“missions, | have tried to clarity Dvson s statements in order to convert

them to a list of provnntwe issuces; r'lthcr than a series of outrageous
statcmcnts l W1H nnt arg_,ue thc merlts of thc Spnu' I‘clcm)pc or thc

athcvc as mmparcd to the fotir-meter telescope at Kltt Peak Al-

thou;,h \\c should pLusue thcee matters, it seémq to me that at the

are going. The sltuatlon is similar in several fields: The bountiful
har\cst o! qcnentxflc results that we ]ust re'iped from the Vm/nqer

dnwnhxll lhls dechne followed the ccimmmnent 1n 1972 made fmal

explprartlon noﬁlonger existed. Last December it appeared that there
'W'oiil'd bé a full 'cl'o'éé"oiit 6r eitrerhé SHrihkage 6f eittiiiities iri _aero-

Jameq Van Allen made great efforts to protect some science:

Todav c1rcumstances hint at belng a lxttle better. Congress recently
took some action to support a substantial upper stage for the shuttle,
a capablllt) that is urgently needed 1f ‘we are to proceed with plan-

c-nd of the tunnel but it is not a beacon: There may be a mission;
but thcre is no » program..

science and where is it gomg’ Why is there not a better assessment
of U S and non- U S c1pab1ht1es for use in establlshmg our plans’

estabhsh an env;ronment thart 1§7compat1ble, with cqns:stent planmng
and with a consistent level of effort directed toward real goals? What
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aid where is the involvement of universities in space science (in

both doing and trammb)" Shotld we try to bring students and young
people into space science? How cain we maintain developments in

science and new technology in universities? What is the future of

both flight and nonflight space science in the United States? How

can scientific experiments be designed and developed as an integral

and intrinsic part of space missions (including shuttle and space-

station pavluads) and not as incidental add-ons? Where is science in
NASHA; what is the science advisory structure; and why is there no
chief scientist?

) an thcrc are some answers: There is a chief scientist—Frank
MeDonald; pcrlmps he is the glimmer of light. Perhaps it is the
explicit inclusion of space science in the President’s National Space
i’ohcv statement that is the glimmer.. We had better move in that

The activities outlined in the National Space Policy recentlv pre-
sented by President Reagan established six basic goals. The first is
to strengthen the security of the United States; the remaining five
lie predominantly in the civilian sector. The policy statement clearly

reaffirms the National Aeronautics and Space Act of 1958, which

eniinciates the NASA charter for actlvmes in the civilian sector.

The growing need for using satellites in the area of national security
is both obvioiis and necessary. In terms of commercial uses, partic-
ularly for communications satellites, there must be an ongoing and
increased capability to loft these important payloads on schedule into
the proper orbits: But what about the scientific and exploration part

of the civilian space program? Surely, in the absence of a positive

commitment to long-term objectives, the civilian space program will
be subsumed in the military part, or eclse NASA will be reduced just
to runnmg a transportatlon system.

Many of the civilian activmes will atrophy unless space pollcy is
brought into balance by an active recognition that the civilian pro-
gram is a vital mgredlent of U.S. national policy: To me, this means

that there must be tull cognizance of the flve remammg goals in the

- space policy, which are in balance with the first precept, the national

security goal:
To manage the science part will require a strategy for ¢ space science
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and e\ploratlon In some areas strategles have already been sub-

forward and applied at the White House and in Congres‘ in order
to establish substantial objectives on both the long and short time-
scale. There must be a visible commitment to the missions necessary
to achieve these goals; not simply as individual missions but as part
of an ongoing program: This would permit the continuous devel-

opment of a llbr'lry of lnstruments, wh1ch could both grow and

that the scientific community be willing to partxcxpate in all phases

of plannxng, engmeermg, and deClSlOI‘l maklng (as was the case in

not treat it as the incidental and formal addition of a hlgh priest of

science s:mply torbless an expedltlon that is all ready to depart.
i do not thInk that we can afford to come nearer to the foreclosure

erably other peoples histories. The ”Chlna syndrome is a great
threat but itis not the burnthrough of a reactor core;. 1t is the cutting

developmerit and training, nor can we withstand even a 5-year with-
drawal of this type. We have already been injured by a simple lull
of a few years, and that has hurt enough.

Our engineering faculties need substantial enhancement and sup-

port, and our science faculties need rejuvenation with young blood.

These young people will need opportunities to do something. All of
the science and englneerlng facultles in otir educatlonal system must

not wntlng a host of new proposals that will not be funded and that

lead to }A{orlf thatwvyrll not be done:

To me this symposium celebrates the destruction of old myths and
the creatlon of a new one. In every language there are allusrons
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NOTES

I. During the preparation for my commentary.. | failed to restudy the works of Ra-
beldis. As a result, | v rcgrg;gpled the hopping creatures as frogs. They are
fleas. Rather than rewrite the paper, 1 have left the frogs alone. The correct rep-
resentation of the eveiits in Entelechy may be found in the Histories of Gargaitua
and_Pantagruel by Francois Rabelais jghaplcr 22 of the Flfiﬁ Euok fwﬁBliShea Eé

1547). The !:n;,,hsh lmnslallun by J. M.

Otl1cr- were making a virtue of neeessity, and it seemed a fme and proper 1ob
s were pukum., thcnr tgeth whxlc fasting, a form of alchemy Wthh
hulpgd very little to fill the close-s
in a long garden: This
government of kingdoms, the tiihdiik:i of wars, dﬁd the administration 6f féﬁiiBiiLé
They claimed that Smrates the first man to have brou;,ht philowphy dmvn from

heaven to carth
us and pro [
ot fleas, as Aristophanes the quml csscnllal testifies.”
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Freeman Dyson In almost all respects I agree with what Gerald

Wasserburg has written, and I certainly do not claim that my frog
is any better than his. It just happens to be the frog I am familiar
with. | am deeply concerned with the droppmg of planetary missions
in the last five years, and | hope that we will move ahead and do
niore with the planets: I am saying only that we ought to try to do
it a little bit differently:

Dick Preston (Star Foundation) Do you think we will have a future
in space if we do not do something about our science education? Is
there any way that you as scientists can return to help us in the

classroom?

GFRALD WASSERBURG AS | wrote in my remarks, 1 consider the
general status of science education in this country to represent_ the
true China syndrome. It is not the meltdown of the core of a nuclear
reactor; it is 15 years of withdrawal from active participation in sci-
enitific development and the training of young people: As I also
wrote, we have alreadyﬁsufﬁeredfa lull ofiai few years. As a nathn
we certainly cannot suffer for 15 years. Much has to be done to
vitalize our engineering faculties, which need substantial enharice-
ment and support; our science faculties; which need young blood
and rejuvenation and the opportunity for young people to do and
achieve things; and our educational system, which needs to permit

creative research as well as teaching and the seeking of riew ideas.

Writing should be done; but not the production nationwide of 10,000

proposals a year for experiments and ideas that cannot in fact be

explored. This situation must be addressed by the country, and
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undoubtedly it will be turned around as soon as people hear the
message. But they will not hear the message from testimony like
that dellvered to the House Commlttee on Sc:ence and Technology

were sort of all nght, and that was rather disturbing.

FrEEMAN DYSON I have the iiﬁﬁ?éééibh that kids in the schools keep

a sharp eye on the ]ob market It there are ]obs, they will get the

is supporting this sort of activity; they will come forward and do it.
That is what I see in my own family; and I think it is generally true.
So, | think it is fine to try to improve the level of the schools, but
vne has to deal with the job market first, and then the schools will
probably prov1de what is needed.

HExDRIK VAN DE Huist | have no special knowledge of what is
happening in this country, but my immediate reaction is to want to

broaden the question: It is not science education that is wrong; people
simply rieed more and better education:

CiARLES VERHAREN (Howard University) 1 liked the comment, “Great
science must involve surprises,” and I wonder if that remark is borne
out in the history of science.

GeraLD Horton There is almost a complete overlap between great

science and surprises. The sentiment I keep encountering in studying
the early modern period, the early 20th century, whether it is Planck,
Heisenburg, Bohr, or Einstein, is: “We were driven to despalr,rand
out of that despair came a conclusion that we otherwise would not
have been able to reach for.” And it was a surprise to themselves
as well as to everyone around that these heroic acts really worked
out. Of coutse, for every one of those that did work out; there were
also bad surprises that also affected the progress of scierice. Certainly
we can measure the quality by the degree of deviation from previous

trajectories.
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Fl{hLMAN DYSON One 1llummatmg example is in Cerald Wasser-

with very good mstrunientatron Then, just through the goodness
of the Lord, a blg, rock was thrown down from the sky and landed
in Me\uco, the Allende meteorite. It turned out, in fact to be richer
in isotopic anomalies, in all sorts of really exciting new information
about the distribution of isotopes in the cosmos; than any data that

came out of the moon rockrs Of course, the instruments were there;
S0 rf we had ‘not h'ld the moon program, we could not have done

ever_vthmg, worked out for the best.

CharLes GoopricH (Goddard Space Flight Center) I have two ques-

tions which probably reflect my bias in space physics, which is that
of particles and fields. The first is whether one should really consider
Gahlco as a one- Vshoti program, when it is really an extension of
Pioneers 10 and 11 and Voyagers 1 and 2. Galileo will provide us with
a lot of follow-up information on the magnetosphere of Jupiter, which

has turned out to be a very surprising and very interesting thing: In

that sense, I do not consider Galileo as a one-shot program, but as
a more sophisticated instrument, a logical extenision of what has

gone before.

The other question is this: In my experience with the space pro-
gram, both on Voyager and now in a theoretical program; NASA
tends to be essentially an experimental organization: What has been
discussed here is largely centered on new missions; what sort of
instruments can we Send into space? My experience has been that
NASA has i.iridérfi.iridéd and ﬁhdérémphéSiiéd thé eirieilySis of the

Should we rethink that issue a blt’

GerarD WasserBURG The space agency does not live by flight alone:
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Morris Horxik (George Washington Umversnty) Theré $eems to
be a sentiment in space science that, until every last datum has been
properly analyzed and placed into some kind of framework; the
scienice is not complete. I do not think the history of science bears
that out. 1f 1 am not mistaken, some Specimens Darwin collected in

three vears on the Beagle have yet to b~ curated. Again, there was

a French academy expedition halfway around the world prior to

Newton’s work: The important thing to remember about that ex-
pedition i§ not that the French did it or the number of papers that
were written on the data collected, but that it gave Newton the
numbers he needed for his own work, in his own study to prove
the moon theorem and establish the laws of gravitation. Good science
dOL‘b not necessanly come from the amount of data or the level of
analysis of the data. Biit how do we bring the results of space science
as achieved today into contact with enotigh good minds actually to

derive their full scientific value?

Hexprik vaN pE Huust  If the data-gathering has been very costly,
we Ought to use the datc On the other hand in all data and in all

the rest can be forgotten.

Davip BatcHeLok (Goddard Space Flight Center) The scientific out-
put of a nimber of NASA’s missions has been evali:ted today; one
is conspicuous by its absence: Skylab. I think Skylab should be men-
tionied because observations of the sun made on S ylub led to several
great advances in solar physics and provided a lot of stimulus to
those working in the field. The significance of manned flight for
space scierice has been downplayed by the members of the panel.
What do they know ‘of the discoveries of Skylab, and what do they

think about the applicability of men in space doing scierice?

GEraLD WasserBurG  None of us could really cover anythmg but a
bnef view, so om:ss:on should not be conS:dered an mdlcatlon that

raise, however, has mdeed been a matter of substantlal dlscussmn
It has been manifest that there arée an enormous number of activities
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that instruments can perform more cheaply and better than humans
can. That is a fact agreed to by almost everybody that has contributed
to this symposium. The quiestion is whether or not, il the totality
of the space enterprise, there is a substantial role for human beings.

question; and there is no simple answer:
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Massachusetts Institute of Technology

PERCEPTIONS AND CONTEXT

immediate response was to rush to my hlg,h frequency receiver, my
shortwave set, and listen most of the night trying to find the 20-

megacycle carrier frequency coming from the satellite overhead. 1
sticceeded a few times. Around the world hundreds of thousands

of persons muist have done that. Among them were two clever people
at the Applied Physics Laboratory, who were led to the invention
of the first space navigation system by that experience. They could,
in fact, measure Doppler shifts, which led thcin to a method of

obtaining clear positional references. Th= situation. is a little similar,

perhaps, to the discovery of X-rays. Ome x-rays were announced rm
1896, thev were generated and studied in laboratories around the
world; and further discoveries ‘~#ére made within a week. Many,

many people were caught up at a single time.

It was the broadcast of that physical signal the world over that

lent unity to Sputnik I. Of course, the choice of high frequency for

that particular piece of not very important telemetry, but decisive
public relations, was crucial. Had it been done on VHF, only experts

would have heard it; but transmitting at 20.003 megahertz, I think,

was great—a shot heard round the world, not only in metaphor!

My role in this symposium is to lend further unity to the diverse,

complex, and interesting points of view already presented: One way
to do this is to catch at an epistemological thread, that is, to consider

129
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how we have come to know that which we purport to know. A
theorist is always rightly concerned about that.

Not long after its launch; I reflected upon Sputnik to write about
it. It came to me then, something that is truly eplstemologlcal in
nature, that the extraordinary virtiie of the first artificial _orbiting
object was that it represented the practical, not merely the inferential;
refutation of the Aristotelian cosmos. That is the world view in which
that which is below belongs below; that which is above belongs
above; that which is above is circular, perpetual, and shining; that
whlch is be]ow is transnent earthy, and marred and the moon stands

Even those who have been taught better, and who should know

better, still hold onto Aristotle. They do not have a powerful epis-
temologlcal conviction of how the contrasting results they have been
given are known. They profess to believe that the earth spins and
goes around the sun; but only because they know that is the received
wisdom: When I have shown people the sun’s image projected through
a telescope, they have not cared at all aboiit the sunspots I was
revealing. They had all seen much better _photographs of sunspots

1mage of the sun moved rather rapxdty across the ﬂoor The sun is

appreciated not just because at 11 o'clock it is in one place and at 3
o'clock it is in another. That is niot the same thing at all. We can
perceive velocities and motion directly, not merely changes in po-

sition. The eye and the mind can accept the new result at a quite

immediate level of epistemological conviction, without the cold
framework of geometry:

~ Ever since Nicholas of Cusa, as Gerald Holton told us, there has
been reason to believe what Copernicus argued. The thought ex-
periments, the extension of the world, and all of science come to
bear. But if we simply reject those inferences and calculations; the

numbers, the crosshalrs, the clocks, and all the thlngs that the phy-

indeed deny the whole thlng as a dreadfil, if consrstent 11]usron It_
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is not e’asy to refute such a CthiCtibi‘i' thé true Sképtit Cah réméih

works—w thh certainly embodies a few designers’ errors and quite

a few machinists’ marks and fingerprints where they passed the job
on from one to another——and we carry it it from its earthy home and

(a bit too small to be shmmg perhaps bt circular and perpetual as
anything). By adding momentum; increasing the quantity of mo-

mentum, we have turned an imperfect artifact into a celestial body:
All this was foreseen, of course: It was written about in very much
this language by no less a novelist tharn Dostoevsky in The Brothers

Karanuizov. Nevertheless, the final action itself in Some sense secures
the enterpnse of science. It proclalms that all those fmlcky inferences

really mean something. This same sort of validation exists magnifi-

cently in the space age by the photographs of the earth’s surface,
which resemble nothing so mitch as the excellent maps we have all
been raiSed on—maps expressing what people learned by triangu-
lation of a non-Euclidian surface in a good many centuries of quan-
titative cartography Now they are snapshots

The match between the casually accepted photographs taken from

extratyrdlnary one. The sensefof that relflcathn, t,ha’t makmg real to
some form of perception; of what we could find only by measurement
is extremely good. The whole chronicle of astronomy makes an ex-

tremely persuasive argument a chnchmg argument for any person
who wants to adhere to the principles of scientific inference: But that
is still not as good as the genuine perception of the riew microplanet

in the sky.
It may not even be enough just to hear the signal on the 20-meter

band. It is really not enough to read of it in Tie New York Times.
Somethmg doe< not always happen 1f it is in the szes, and a lot of

the skeptic has a final quietus. I remember very well havmg read
The New York Times and believed the daily schedule published for

the appearances of Sputnik Il (or whatever it was), that I once recalled
and made use of the data. [ was very lucky. I was dining with several
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physicists near Philadelphia, who had not read the Times. I said:
”Look; while we're just waiting for our next course to be served,
let's walk out the front of the restaurant [I'd noticed the sunset
onentatnon when we went in]; and I'll bet we can see the thing come
over.”” My watcli was right enough, good luck in those pre-electronic
days. We went outside, and in 20 seconds, no more, a Sparkling
point came majestically across the horizon, moving up the sky just
after dusk on a clear winter evening! It was unforgettable to see the
predictions of the Almanac realized; so to speak; that perception was
very w1despread

Richard Lee, the Toronto ethnographer of the 'Kung San, a group
of bushmen of the Kalahari, told me of his experience. Once when

he was there, sitting around the erabers of the campfire under the
velvet black :kles of the Kalaharl, he notlced that there were many

space buff, biit he knew a little somethmg ) He couild see the satellites
moving among the stars. So one night he tried to ask his friends
among the !Kung what they made of it, the unusual motion and so
on. Though they laughed they were a little reticent. They are a Jowal
people, and they knew he was kidding them a little bit, so they
played the game. Biit he was So importunate that they said finally:
"’Okay, we'll tell you what we know about it, though we don’t know
very much. There are learned persons among us who know a lot;
but we laymen here only knovs a little bit. What we know is that
you made that you Out51ders You put that upt there We know orie

it returns the war the other way.” Now, this is perhaps a httle

apocalyptic; but as a crude first-order inference on the empty plains
of the far Kalahari, I submit that that was a triumph of information
collectlon applled to 1nterpret d1rect expenence

the trlmty of grandfathers of the effort, the fxrst three devoted work-

ers bound to a dream of using space: Tsiolkovsky, Goddard, and
Oberth. There are also three fathers from the next generation, the
decade from 1925 to 1936 or so, when engineering investigation of
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these matters began. The best stories have been written about the

group in Berlin; the German Rocket Society; there was a similar group
1n tenlngnd which rapldiy 1cqu1red some support and there was,

research group, which began its rocket tests in the wastelands of the
dry arroyo exactly on the spot where today the Jet Propulsion Lab-
oratory spreads its big laboratories. There is a bronze plaque erected
there to commemorate that event, just where a couple of graduate
studenits went otit to fire the little rockets. Siich was the beginning
in three countries; heére we are, more or less 50 years from that
beginning, marking a sustained effort in which the engineering con-
txnmtv is strong

In one way it is very hard to fix the actual beginning of the space
age. | am perplexed, of course, becauise we all tinderstand that there
is a family of orbits. Keeping the eccentricity the same, if we raise
one parameter alone; we will go from a closed to an open orbit. An
open orbit is plainly in space, but what of the closed orbits followed
by baseballs and stones, projectiles of all kinds? How are we to decide
when we really are in space? Maybe the anniversary of the circular,
perpetiial orbit, the long-lasting earth orbit that has been chosen for
this symposium, is a good one; but these are the doubts that come
to one trying to decide. The long parabolas (of course; really trun-

cated ellipses) were achieved earlier:

Naturally, there are several choices for an anniversary celebration,
not only of what to commemorate and when to start countlng, but
of the binary system into the otherwise overly austere metric system
broadens those choices: We normally count by decades and centu-
rles, but natura]]y we throw in a few 255 and 505 J[ISt as in Italy

important one. Therefore, we have anniversaries by decades, and
anniversaries of 25 and 50 years: 1957 is 25 years back. But we also

have a significant 40th anniversary on almost the same day: October
3rd, 1942. On that day the A-4 (the Aggregat-4)—the cool laboratory
name for what in grim war beﬂcameftihe melodramatic V-2, 10 tons

all-up, 7 tons of fuels and oxidizer, 25 tons of thrust—looped in its
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first 100-kilometer by 200-kilometer orbit over the Baltic Sea. That

was the engineering beginning of orbiting spacecraft, for that first
successful liquid-fuel, high-altitude rocket climbing well above the
atmosphere is clearly llnked w1th the > present day

2, the implications of the development of control theory and practice

and the development of powerfnl rachotelemetry——xt became clear

plau51ble second stage, Peenemunde could have orbited a payload
as early as 1942: 40 years ago. Indeed, the Japanese, with Lambda-4,.
orbited a payload with a rocket no more massive. It was simply one
designed with the benefit of 25 years of engineering improvements.
In 1946 the Rand Corporation was formed: I was myself targeted
as a recrult by two founders the em1nents Kohlbaum and Gnggs

secret charter; not the one filed w1th the State Board of Corporatlons

was to wage intercontinental warfare by any and all means. They

then thought that the rmssrle w1th a nuclear warhead was the rrght
contlnental warfare by any means whatever, they replled “That's
okay, we include the null case. You can come anyhow!" But I stayed
away.

Furthermore, Convalr, which became General Dynamrcs made a
substantial engineering study on the feasibility of intercontinental
ballistic missiles in ‘46. This effort has been going ,onfor some time.

There are two more anniversaries to recall, which are relevant,
though they will not add to our cheer. The first is another decade
anniversary, ]ust 40 years, to be commemorated very serxously in
Chicago. On December 2nid, 1942, “'the Italian navigator entered the
new world.” Everyoné knows the phrase means that Enrico Fermi
and his group made the first sustained nuclear chain reaction: if the
neutrons increase like 1 + k + k* + ... + .. .; as k approaches
1 it can be written (1/1 — k); and that becomes a very big number.
The number of neutrons they were making was only about 10',
abotit the size of Avogadro’s numiber; by now we on earth have
made 10 or so powers of 10 more netitrons than that.

Moreover, on November 1, 1952—just 10 years from the first fission
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chain reaction; of 30 years ago—came the first open-ended ther-
monuclear explosion in the atolls of the Pacific. At once the somewhat
quixotic V-2 was seized with powerful, possibly decisive, military
importanice. When the V-2 struck, the kinetic energy of the rocket
body was greater than the explosive energy of the warhead: There
was doubt whether it would be more effective to fire them loaded
or empty. Given the 20 kiloton yield of a nuclear fission warhead,
enthusiasts between 1946 and 1952 could argue that a rocket weapon

was worthwhile. Given onie megaton, the die was cast; the river was

crossed. There was probably rever enough cpposition to impede
such extraordinary systems; and they have now grown to thousands
of orbital missiles and 10,000 warheads in each of the world’s two
preat arsenals. 7

I point this out because it is perception that we are celebrating.
We ought to celebrate the orbiting of little Sputnik I as the beginning
of this our space age; but I think it only wise to recall that it had a
context; less well-known at the time because it was under a cloak.
It was not, of course, a very concealing cloak. The bulk in the jacket
pocket of the IGY showed up very well to many who knew. But
who knew? It was not made public to those who run while they
read: S
The famous defense advisory committee of John Von Neumann

was established in 1953, well before Spufnik. Simon Ramo was himself
a distinguiished member of that small, powerful, farsighted commit-
tee. Another member, historian Herbert York, offered three reasons
for the move to intercontinental ballistic missiles. The first was the
presence of a new U.S. administration under General Eisenhower,

. which brought in new people with new ideas and a determination
to do something new. The second was disturbing intelligence reports

thermonuclear explosion had made this weapon uniquely formida-
ble. It seemed essential to at least study such systems. They were

developed, I have to say, with a bang—that is to say, in phenomenal
richness. There were many alternative approaches and contracts; and

enormous industrial expansion rapidly occiirred. The following list

1
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inclides only those pro]ects that involved formal government de-
velopment contracts issued to contractors before we ever heard the

news of Sputnik: Atlas, 1954; Thor, 1955; Titan, 1955; Jupiter, 1955;
Polaris;, 1956; Agena, 1956 (a very interesting one); and then the
solid-fuel systems developed out of work done at Jet Propulsion
Laboratory, the Minuteman, 1957. All preceded Sputnik 1, including,

as Schriever alluded to, one high-energy upper stage, the Agena,

capable of orbiting a considerable payload into _escape orbit.
All this was part of the large-scale Army, Air Force, and Navy
development; the chief share was in the Air Force, but the others

were not excluded The complex origins of the iGY and the Amerlcan

valid concern—delayed the orbiting of an American satellite. The

first Soviet ICBM was tested in August 1957, a multiple-engined
launch from the banks of the Jaxartes River in old Scythla It was a
large military booster with plenty of capability, and it was some
months ahead of a U.S. ICBM: It was fairly clear that in a short time
somewhere a lasting orbit woild be entered instead of the long
parabolic orbits of more direct mxlltary s:gmﬁcance It was Korolev
himself, the prxnc:pal designer and veteran of the old Leningrad

days, Wwho | proposec the sputnik scheme as a dramatic stroke.
So there we were: The United States was plunged into a mllltary

orbital program on a big scale. By 1961, a new administration con-
ceived the Space Olymplcs (as Ramo called it) for many reasons, not
the least of them the extraordinary growth and influence of the
aerospace industry. What an interesting way to use this tremendous

new capability, a more benign aim than other plans suirfacing in

those years“

foundation, first at White Sands, and then at Huntsville, of a pow-
erful rocket development team; something of an exotic element im-

planted into the Amerlcan aerospace mdustry That team is often

hit London.” That was, in fact, triie for the German years.
I am not very sympathetic to the von Braun story; but, having

read the docum *nts carefully, I must also say that he was fmanced
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up the hxstorv of the Huntsville ent(ri:irise mcely‘ havmg made the
Juplter IRBM, which llVEd onlv a short time in the field (much to
the embarrassment of a later Presxdent of the United States), the

Huntsville g,roup was swept up in the NASA enterprise. By that

time there were tremendous inputs from the vigorous U.S. aerospace

industry: They had made all those intercontinental ballistic missiles
in quantity; together the firms had gone far beyond the limited
capabilities of even the very large enterprise at Huntsville: But Hunts-
ville became the pomt of the c1v111an effort Saturns Wwere bu1lt even-

\cr)' own works:

TWO DECADES OF CIVIL SPACE

Recent publications scimmanzmg this 25th anniversary show the

ch'a'n'gmg division of the U S budget for space act1v1ties over the

parabohc Orblterb—dlone that count It is only the space segments
and the costs of taking data from them whose totals are added. But
all of that is now quite a big enterprise in the Air Force, and it is
growing:

For the curves of “mnual space expendltures for DOD and NASA

the annual NASA e&pendntures, c1v1llan space expendltures rose
above the annual DOD expenditures. Of cotirse, NASA was founded
in 1958; a new small organization could not spend at a billion-dollar
5cale ’iii zif once. Biﬂ if took only two or iH{-ee yeziis for them td

in many subsequent ones, NASA expendxtures in space will be smaller
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pendltures in space to rise to about twice NASA's amount in 1988.
NASA will spend more or less the same dollar sum; losing real
buving power as a result of inflation. In contrast, the DOD space

budget will increase by about seven percent per year after inflation,

about the same rate as the military budget as a whole. (Of course,
this is only in the budget papers and has not yet received electoral
or even congressional approval.) In a way, here is the end of a
historical epoch; the priority of civilian over military goals, at least

as expressed by one crude measure:

The partlhon—costly and 1mperfect but clear—-between ClVl] and

W1de, 1as been one of the most admirable fé.xtures of our American
space enterprise. I look with dismay upon what will likely occur in

the near future, with the breakdown of these barriers: It was the
1938 Space Act that created NASA as a cmhan ~agency—open and

evident reasons of long standing.

This change is not without concern for science and scientists: I

applaud the enthusiastic and eloquent account of Uhuri given by
Freeman Dyson. I remember Uhuru very well; I heard the launch
countdown from Malindi by radio, and I recall the great excitement
as each new varying signal came in. I was lucky enough to live close
to the place where the data were being taken; and it did reveal, or
at least seal; the new fast-changing cosmos that we had not undet-
stood very well before: But here is an unpublished anecdote, a plau-
sible and well-founded rurmior, the accuracy of which I cannot fiilly
guarantee.

The project called Vela Hotel which provided a multiple-satellite,

timed x-ray detection system, was set up it the mid-1960s. It called

for keepmg, on the average, a half-dozen or so small satelhtes in

ourselves with those famous “unilateral means of verification” against
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any nuclear test explosions in space. Now; space is not the best place

to test nuclear explosives secretly, so that danger was not great. But

in those days of big budgets, we were willing to put money into
such systems, and we did.
Of course, Vela Hotel recorded all kinds of x- ray sources and thelr

time variations; but between studying the new system and being

unwilling to disclose its capabilities to a possible violator; this ma-

terial remained long unpublished. It was regularly examined with
startllng and enthusiastic 1nferences by the Los Alamos  group, whlch

chain from the #Air Force’s collection stations; quite withotit know1ng
exactly what it meant or exactly what was going on. But they could

not publlsh So for several years they alone knew there was an x-
ray sky full of variations until Uhuru broke the ice; then it was clear
what they had been seeing. Soon they themselves were able to

publish their famous discovery of the gamma-ray bursts, which ac-
tually were flrst detected in the seCret Veia Hotei system (To'l be sure;

parable')
The past Soviet space program was xenophoblc and tlghtly con-

trolled: Even attainment of orbit was denied public notice until all

was secure and safe, and no fmng was reported in live detail. The
Soviets have moved toward a more open system of communication,
both in publlc relations and within their own scientific community:
Tti'e"y' have also allowed foreign observers and foreign inStrumenta-

mission mlxed into a shuttle test—is toward a kind of convergence

to an unpleasant mean between the two systems, our system being

The next substantial increment in NASA act1v1ty will very probably
be in the direction of space platforms, with manned space stations
being placed in near-earth orbit in the decade ahead. Many people
draw the plausible inferenice that the shuttle system itself has as its
principal objective the handling of the miiltiple payloads required to
assemble those substantial permanent objects. The platforins are well-

planned: They have excellent attributes, but I am afraid that the
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principal motivation behind them, apart from a general economic

effect in the NASA centers and in the aerospace industry, will be
found in a speech by Chairman Leonid Brezhnev given in August
1982 to the Unispace Confererice in Vienna. He said, in passing,
“The future will see large orbital complexes with changing crews;
permanently operational in space.” That is only an undated predic-

tion. On the other hand; it is a prediction toward which the Soviet
technologists have moved steadily. They have a Jot of practice; they
have done a lot of things abouit feplacing crews; and they have
devcloped the fundamental technology quite well. I strongly suspect
that our intelligence people firmly believe that the Soviet Union will

indeed go through with that; and 1 expect we will guarantee it by
startmg some such program ourselves

one we were talklng about during the days of NASA’s budget peak:

Dommated as it was by Apollo, NASA expendxtures stlll fed space

mixture of manned and unmanned platforms; as appropriate to mis-

sion and circumstances. | hope that becomes the case: There is il
kmd of phys:cal edge that cuts between most mmtary and most
At least, in ore v1ewgraph in the famous NASA sfyle, we see a polar
orbit for one space station and a near-equatorial orbit for another.
The people that the military most want to look at live at high lati-

tudes; and one had better not study them along all that slant range
from low, equatorial orbit; a polar orbit surveys everything and is
clearly more attractive. A polar platform could also operate a few

earth resources satellites, just as an equatorlal platform could operate

the big platform, possxbly even launched from it and certainly with
data collection, visit, repair, and control functlons there Here is one
principal source of debate about the direction of NASA’s futiire. I
know of no other sizeable program that has such strong apparent
support in government at the present time.
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ON THE DARKNESS OF SPACE

the work of the hlstonans who try to appralse our past isa busmess
of looking at a complex of systems with many reverberation times,
many relaxation times: Each event echoes for a longer or shorter
time; some only for a very short time in piercing sounds that are
soon gone. I wwonder whether there is going to be any residuum of
this entire affair so powerful as the one that was presciently forecast
in 1948 by a compatriot of Arthur Clarke’s—a similar seer and writer
as well as a distinguished astronomer, Fred Hoyle. In a book on
astronomy he published in 1950, Hoyle wrote, “Once a photograph
of the earth taken from outside is avallable . .. once let the sheer
isolation of the Earth become plain . . ., a new idea as powerful as
any in history will be let loose.”? It took 18 or 20 years until NASA

let that idea loose in real photography:.

When was that ﬁrst view avax]able'f’ That depends on our deﬁm-
count as much as color? What about an earth deep in shadow'f’ In
August 1966, Lunar Orbiter 1 took that marvelous distant photograph

of earthrlse in b]ack and-whlte above the dusty moon. It was fol-

the whole earth But I have never seen them; as far as I know, no

one outside of a limited circle has ever seen them. Then came ATS-
1 in January 1967, with black-and-white shots from synchronous
orbit, and then ATS-3 on November 10, 1967, with a full-color photo
from synchronous orbit. That very picture of the full earth remains
the most circulated photograph of all the archival treasures of NASA,
which says something for the sense of importance that Hoyle felt.
For many years, that photograph has been a kind of symbol for the

env:rbriniental ‘movement, with its evocation of the fraglllty 1so]a-
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in an cplphanv not altogether generated by his own endomorphins,
that what the world needed most was the sort of photograph that
Fred Hoyle wrote about: So he took himself from a California rooftop
to the Valley, then to New York, then to Cambr'dge Massachusetts,
then to Washington, D.C. In each place this young man took a stand;
placmg7 himself now in front of the door of Columbia University,
then in front of MIT; also in Harvard Square, and certainly in front
of NASA headquarters. He stationed himself there to sell to all com-
ers, at cost, plastic badges that asked in i large | black letters on white
background: “WHY HAVE WE NOT YET SEEN A PHOTOGRAPH
OF THE WHOLE EARTH?” Probably the missions to do that were
not et in place. But he likes to think that out of synchrony, or some
other mvstery not ne"essanly simple causahty, his single- h’ah’ded
enterpme bore rlch frult convmcmg the sc1ent1f1c~techmcal com-

in 1966 the réal thmg appeared

The situation in 1957 was similar. Sputnik { was the first realization
of something ready to happen somewhere. The solvent of hlstory
was saturated for its crystalhzatlon When 1 wrote my part of a
physics textbook for high school stiidents during the summer months
of 1957, L included in the introductory chapter a statement that before
long an artificial satellite would circle the earth; going at high speed,
without fuel driving it. This remark was just to arouse interest in
Newtonian physics: I had no close knowledge of mtelllgence reports
of the Soviet ICBM or of any other hint; I had unly the scientist’s
gossip and the newspaper reader’s knowledge that this gem was
ready to form in the solijtioh

was, dragged along with it an enormous technology of brilliant and
hreathtaking power. Now we are to soffie extent the masters of s space,
the masters of orbital momentiim. It arose out of the perception that

something extraordinary had happened when people far away, whom

we then regarded less than we ought to have by a good deal, pro-

duced that steady blip in the 20-megacycle band.
It is surely eplstemologlcal perceptual in the broad sense, that we

demonstratlon, this way of learnmb it, that made the difference; 1
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have no doubt there were many cogent reports on how this was
going to come; what would happen next, who was doing it; how
much was being spent; and so on: We ourselves were all but ready;

it turned out otherwise, a world crossroads of perception.

PERCEPTIONS OF THE FUTURE

There is now a general dissatisfaction with the state of the world.
We cannot forever base the future on what the scientific prowess of
this Cbiii‘iti'y, and a few other highly déi}éldpéd countries; holds in

trust for the rest of world—scientific prowess that has brought world
history to this pomt We seek mmore than the ratlona]e of a s:mple

lasting image of the unified blue planet somewhere a]ong the path
we follow. Even the most narrow-minded practitioner of statecraft
would accede to the view that we do 11ve on a smg]e round planet

longer an abstract notlon, we can see it. )
When Leo Szilard tried to understand the N — 2N reactlon in

London on the eve of war in 1937-1938; he used an expensive radium
source: He had paid for it as a personal investment, so that he could
be a free researcher, go where he would witi his little radium source
and do nuclear experiments, that is, if Someone would proV1de some

of the other necessmes—a laboratory room, essentlally He tr1ed to

which had a drstmgmshed department of radiology: For one reason
or another they said no. He lost his temper and explained that,
though it might be inconvenient for them, it would be still more
inconvenient if he were not allowed to do his experiments becatise
the building in which he was making the argument would soon no
longer be there. The tale is ironic for if he had not done the exper-
iments elsewhere; perhaps the chain reaction would not have hap-
pened (The room d1d, in fact dlsappear in the b]ltz, but that was

Germany.)
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~ NASA headquarters, the National Academy of Sciences, and the
National Air and Space Museum are still here, but they are all vul-
nerable. The awareness of the vulnerability of the memorials of the
very creations we are commenting upon is; I think; not lost on
anyone: The best way we can ensure not only a satisfactory expec-
tation of more grand experiments in space, but, on a mich wider
scale even the expectatlon of any kmd of successful outcome to the

the tuture we now face. For the flrSt time in human history; many
kinds of activities are moving into—if not in terms of geophysics, at
least in terms of geography—the same domain inhabited by the
human _species as a whole

weapons’ reach get bigger all the time; but the area of earth stays

constaht Thls ifnﬁhéé an ééyﬁ]ﬁffﬁié 51tuat10n, Wthh bodes no good

possibly avoid it. We might avoid it. We might inhibit it by treaty;

perhaps by the proposed antisatellite treaty: I think there is a very
good prospect for that. In the first place, no substantial system of
the kind has been tested suchitests,would suirely have beéen visible.
In the second place, the leadership of each nuclear, spacefaring, orbit-
dominating power gains by wide knowledge and swift communi-
cation, and stands only to lose if the other side at some moment or
other can stnke down 1ts satellltes We mlght mh1b1t 1t at an early

the ]arg,on stablllty suggests hope that there mlght be suich agree-
ment. | cannot myself see the wide destruction of satellites or the
disabling of working satellites in orbit, except in a situation tanta-
mount to catastrophic war:

Satellites in peace are a major part of the information mdustry,
the most rapidly growing of mdustnal,actlwtles. We cannot take the
view that either the beaming down of information to a pliant mass

of viewersor the mmlmmhnn and maintepance of intense-economic

contrasts on the e'irth s surface by means of the diverse economic

—-————advartages provided by access to orbit is an enduring soliition to
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the human condition: However temporanly pleasmg, advantageous,
or satisfying of creative needs and drives sich use of space might
be, we can do better than that. | hope that the perception of one

isolated planet—to be sure, with disparate cultures, disparate econo-

mies, disparate expectations of life to the widest degree—will come
over time to signify more than the fluctuating utility that this or that
new system promises. To some extent this has been demonstrated
by our general technological history. We have a proliferation of de-
vices, yet no single one has been so persistent as the general pursuit
of technical means of modifying the environment, making a living,
and extending the making of a living. First those abilities were cen-
tered in the Renaissance Mediterranean; then they spread to Eng-

land, which put them on a thermal basis. Then they spread to Hol-

land, France, America, and Germany; then Russia became involved;
and now there is no question that Japan, out of the game only 120
vears ago, is a full partner: Looking at the demography of the world,
one cannot doubt that the center of gravity is going to shift still more
(barrmg a catastrophe) slowly moving somewhere into East Asia,

where human beings live in such great numbers.

This is looking ahead much farther than we can look, beyond
sensible extrapolation. Nevertheless, it is an inference from history.
It was a dream of the Enlightenment—older than the National Acad-
emy of Scienices by 75 or 100 years, but well known to the founding
fathers of the republic—that science and the steady increment of
knowiedge and its technical application would bring good to all: We
no longer find this casy to accept; indeed, the evidence againist it is
strong: But as a dream; it is not entirely lost; it remains part of the
lnternatlonahsm of our science and téchnology. It remains part of
our profession that we stand linked in an intricate chain, connected
to the ancient inventors of the zero and, for that matter; the do-
mesticators of fire. We do not easily overlook that, nor can we omit
the day-to-day fact that the world of science still tries to maintain a
sense of internationalism and community. Open pubhcatlon is still’

the Mertoman norm, it is the exception in science when something

It has mdeed been a splendid time for the happy few, which

includes us—the scientists lucky enough to be working in areas
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affected by these remarkable events, lucky enough to read of and
understand them, lucky enough to debate with our colleagues and
to make our own proposals, even if they do riot all fly. It has been

a good time, also; for the many more people in this country, and in
other cotintries as well, not the 10,000 or so in the coterie of the
happy few, biit the technicians and the other people who work in

the enormous social enterprises that stand behind every large-scale
novelty. They run to 10- or 20-million Americans, persons who regard

themselves as part of the events, even if only because a relative
iorks among these wonders: They read about it; and they feel

themsclveés part of a renewed Copernican view of the world, a gen-

cral view of the world as a big blue matble. Of course; they are
puzzled and disturbed; they see problems. We all kriow that; so do

the scientists: Yet they; too, have shared this splendid time, and
they augmient the happy few. They are among the happy because

they are one part in a thousand, or five parts in a thousand of the

world’s population. That's 20 million people, if I am generous: But

all the rest have a very curious relationship to it all.

Of course; space technology is not everything. Miuich has been said

in the context of space, for which it stands as surrogate because it

is the showiest and in some ways the most sinister surrogate for all

of science and technology in our present world—sinister because of
its close relation to the deadliest of the weapons of destruction:

Nuclear physics shares the same burden. We have poured tipon this
1957 event qiite a lot more; 1 think, than it merits by itself. Perhaps

that is as it should be, because those who have coniributed to this
symposium saw it as it pervades our time: Hendrik van de Hulst
pointed out that if you try to draw the futiire, when people look at
it some years later, they recognize exactly the year that you drew it
becauise you cannot get out of your time. It is even more striking
than that. If you simply try to counterfeit the past, the typological
experts can date the trials once time passes: If you look at imitations;

they stand out in the museums like sore thumbs. They are Victorian;
thev are not Greek at all ‘But no one saw that when the whole world

So when we see the future poorly, we see ourselves; listen to and
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wxdelv broadtast progrfms of our communications media. It remains

'LiﬁLlL-'a"r whether over the next 25 years we Will )udge that the end

then, in a sense of doubt but not as a pess:mlst The future has the
remarkable property that it is plastic. It lies in our hands, and it

needs treatment: It needs vigorous; intelligent, devoted, exhausting
concern. Unless we are concerned enough, just as the mushroom
cloiid and the sites of Alamogordo and Los Alamos lie under a
hlstomal umertmnty, 50 too the flrst demonstratlon that Arlstotle

NOTES

1. Lmyself heard a distinguished civilian aide to the Secretary of the Air Force gdngqtg
the bold scheme of ple

ifig thermonaclear missiles into solar orbit—not into earth
nrblt or mst lunar orblt but solar orbit, becausé then you could hide thcm bchlnd

umts Thc\ could come down—nf vou bellequ ev er\'thmb would work properlv—
tpon the right targets; if all was precisely timed as they flew back over a year.
This never caught on. It presented for me the first sign of a system that nobody
wanted to buy; hardly even its proponents.

. F. Hoyle, 1950, The Natiire of Hie Universe, Harper t arid Brothors; New York; pp. 16~
17.
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