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Introduction

The scheme of my talk on the future of
space science and applications is as fol-
lows:

First, a brief introduction on matters
of perspective.

Second, an overview of the present
status of space science and applications.

Third, a prospectus for future activi-
ties, an admittedly perilous undertaking
but one founded on my active and con-
tinuing participation in the now some 33
years of space flight and on thoughtful
consideration of its achievements and
promise.

My talk contains elements ol subjce-
tivity and is therefore contentious. | re-
cognize this and hope that my views will
enliven the symposium.

Recently I have read David De-
Vorkin's book entitled “Race to the
Stratosphere—Manned Scientific Bal-
looning in America”. The author's point
of departure is the 1931 balloon Hlight
of the Belgian aeronaut Auguste Piccard
to an altitude of nearly 16 kilometcrs.
This flight generated widespread public
interest both in Europe and clsewhcere
and was hailed as opening up a vast ncw
frontier of human adventure and explo-
ration. The shcer romance and public
visibility of high altitude ballooning
were Piccard’s central motivations. But
he felt it necessary to exalt his aspira-
tions by wrapping them in the cloak of
scientific objectives. His own attempus to
make cosmic ray observations were,

however, severely compromised by his
necessary preoccupation with his life
support svstem and the mechanics of the
flight. As a result, his obscrvations were
much inferior to the previous and con-
temporancous observations of the Ger-
man physicist Erich Regener who relied
on automated equipment carried by un-
manned balloons to greater altitudes and
at much less cost. Piccard resolutely ig-
nored these facts and continued to ratio-
nalizc his aspirations by a variety ol spe-
cious assertions on the importance of
hands-on operation of scientific equip-
ment during its flight on balloons. Pic-
card’s point of view appealed t the gen-
eral public and therefore gained the sup-
port of some industrial vrganizations
and even a few scientists.

T'he pre-World War Il culmination of
manned scientific ballooning was the
November 1935 flight to an altitude of
22 kilometers by Albert Stevens and
Orvil Anderson. Following the War,
there was a brief and troubled revival of
this activity and in Mayv 1961, Malcolm
Ross and Victor Prather reached an alti-
tude of 4.7 kilometers with an arrav ol
automated instruments for measuring
atmospheric properties. [his Stratolab
flight ended the cpoch of Mving human
crews on high altitude balloons.

It had been evident already for many
vears that automated equipment on un-
manned balloons provided a greatly su-
perior technique for scientific measure-
ments within the atmosphere.



At the present time, scores of unman-
ned balloon flights are made each year
for scientific purposes but manned hal-
looning survives only as an adventurous
sport.

Much of the history of scientific bal-
looning falls within my direct personal
knowledge as does the entire history of
space flight. On many occasions [ have
compared the two histories. This theme
of historical parallelism is developed by
DeVorkin in a richly detailed and per-
suasive way.

The apparent conclusions are (a) that
the conduct of scientific and applica-
tional missions in space by human crews
is already an obsolete technique and (b)
that justification for futurc manned space
missions must rest on other consider-
ations-thosc of a general cultural nature
such as inspiration, high adventure, hu-
man recordsetting, and the like. It would
be refreshing to hear a prominent politi-
cal leader make such statements, assess
the motives for manned space flights in
the context of their significance and costs
and not obfuscate the matter with a
plethora of falsc analogics and unsup-
ported claims of practical objectives.

Any attempt to visualize the future of
spacc scicnce and applications must con-
sider the relative roles of manned and
unmanncd spacecraft. The route of casy
virtuc is to declare in favor of a “bal-
anced” program. But such a simple dec-
laration is, of course, meaningless. It be-
comes meaningful and discussable only
if onc specifies a quantitative ratio of the
respective cfforts and explains the ratio-
nal basis for such a ratio. Otherwise, ad-
vacacy of a “balanced” program is what
my father would have called a plati-
tudinous pomposity.

The issue of balance is a fundamental
one. It will not go away. It can not be
waved aside. It is already an acute issue
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in the US. and the US.S.R. and is pro-
spectively so in other countries.

[ will now offer my own attempt to
assess it.

On the Nature of Space Science

In a previous paper I have written as fol-
lows:

“Space science is not a professional
discipline in the usual sense of that term
as exemplified by the traditional terms
astronomy, gcology, physics, chemistry,
and biology. Rather, it is a loosely de-
fined mixture of all of these fields plus
an exotic and expensive operational
style. The distinctive features of space
scicnce are the use of rocket vehicles for
propclling scientific equipment through
and bevond the appreciable atmosphere
of the Earth; thc rigorous mechanical,
clectrical, and thermal requirements on
such equipment; and (usually) the re-
mote control of the equipment and the
radio transmission of data from distant
points in space to an investigator at a
ground laboratory. Space science is pri-
marily obscrvational and interpretative;
it is dirccted toward the investigation of
natural conditions and natural phe-
nomena. But it can be and sometimes is
cxperimental in the scnse that artificial
conditions arc created and the conse-
quences observed. Most space science
has been and will continue to be con-
ducted by unmanned, automated, com-
mandable spacecraft. But some is con-
ducted by human flight crews perform-
ing dircct hands-on manipulation of
cquipment. The latter mode of operation
is of dubious cfficacy and, in any case,
will probably be the technique of choice
only in specialized subfields involving
preliminary laboratory-type experi-
ments under free-fall and low-g condi-
tions.”



It is common to state that the space
age began with the successful launching
of the Soviet's Sputnik [ in Octaber 1957.
This is a defensible statement but space
science, as [ have defined it, was antici-
pated by astronomical observations
throughout recorded history, More spe-
cifically, observations through and above
the appreciable atmosphere of the Earth
by scientific equipment carried by rock-
ets began in 1946 and continues actively
at the present time—as exemplified by
the important work at the high latitude
Andoya Rocket Range in Norway.

A proper description of the scientific
advances that have been achieved by
space techniques is far too voluminous
for a short talk. Many basic geophysical
and astronomical discoveries are made
each year and the total volume of origi-
nal work is truly staggering. Let me list
a few examples.

Knowledge of the composition, struc-
ture, and dynamics of the Earth's atmos-
phere and ionosphere has been greatly
expanded and clarified. Such work is
central to the theme of this symposium.
Corresponding but less comprehensive
studies of the atmospheres and
ionospheres of seven other planets of the
solar system have been conducted on
planetary missions. The results of these
planetary studies have intrinsic intercst
and add depth to our attempts to better
understand the Earth system.

The full electromagnetic spectrum ol

solar emissions, from gamma rays to ra-
dio waves, has been observed as has the
sporadic solar emission of energetic par-
ticles. A much improved understanding
of the dynamics of the quiescent and dis-
turbed Sun and the consequences at the
Earth has been achieved. Of special in-
terest is the solar coronal plasma (or so-
lar wind) which flows outward through
the solar system and has now been ob-

served to radial disrances of over 3U as-
tronomical units by Pioneer 1U. The in-
fluence of the solar wind on the physical
properties of the planets has become an
important feature of the broad subject
called solar-planetary relationships.

Knowledge of distant astronomical
objects and the interstellar medium has
been extended greatly by spacebased
obscrvations in the gamma ray, x-ray,
ultravioler, and infrared regions of the
spectrum and by improved angular reso-
lution.

The Earth's magnetosphere has been
studied in great detail and it has become
the prototvpe for the magnetospheres of
the other planets and for analogous
plasma physical phenomena of pulsars
and large astronomical systems.

Oceanography, geodesy, and geology
have also profited importantly by space-
based techniques. Such advances under-
gird long term forecasts of the future of
the Earth as a habitat for life.

Planetary and cometary exploration is
perhaps the crown jewel of space science.
[t has produced dramatic advances in
understanding the full nature of our so-
lar system, ol its many elements, of its
rich variety of current phenomena, and
its probable evolutionary history. Many
current research papers discuss the de-
tailed geology (albeit a semantic perver-
sion of terminology) of the Moon, the
plinets Mercury, Vienus, and Mars, and
the planctary satellites of Mars, Jupiter,
Saturn, Uranus and Neprune, The char-
acter of the rings of the outer planets and
the solar wind’s interaction with come-
tary gas and dust are also subjects of spe-
cial interest. The spacecraft Pioneer 10
passed a helivcentric distance of 30 AU
about three weeks ago and continues to
be the most remmote man-made object in
the universe, still transmitting scientific
data continuously. Pioneer 10, its com-
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panion spacecraft Pioneer 11, and the
two later spaceeralt Vovagers | and 2 are
all on solar syvstem escape trajectorics.
There is a reasonable hope that at least
one of these four will continue to operate
and transmit data as it passes from the
heliosphere into the interstellar medium.

In the realm of biological science, the
most significant findings have come from
the Viking landers on Mars. Their re-
motely controlled assays of surface mate-
rial revealed an essentially complete ab-
scnce of any hiological material. These
findings do not conclusively preclude the
presence of hiological material clsewhere
on Mars or on samc other non-terrestrial
body in the solar svstem but do make
such a possibility much less likely.

[ recognize that the foregoing survey
of the current status of space science is
quite incomplecte but [ believe that it
provides representative examples and
suggests the future nature of the subject.

Needless to add, nearly all of these and
the many other advances is space science
have been achicved by unmanned auto-
mated spacccraft, controlled and moni-
tored by tcams of scientists and engi-
neers from the comfort of resourceful ter-
restrial laboratorics.

In the company of many others I
served on a panel of scientists who pre-
pared arecent report entitled "Space Sci-
ence in the Twenwv-First Centurv—
[mpcratives for the Decades 1993 to
2015" The two-vear studv was con-
ducted under the auspices of the US.
National Academy of Sciences. Our re-
port comprises one overview volume and
six aother volumes with the following
subtitles:

(1) Fundamecntal Physics and Chemistry
{2) Astronomy and Astrophysics

(3) Life Scicnces

(4) Mission to Planet Earth
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t3) Planetary and Lunar Exploration
(' Solar and Space Physics

These documents summarize the rich
agenda of our aspirations for the future.
Aside from studies of human physiology
and psychology under prolonged free-
fall (or weightless) conditions, very little
nced for manned space vehicles emer-
ged. '

Space science throughout the world is
supported almost entirely by govern-
ments, i.e., by tax-playing citizens. A
tough minded politician is therefore en-
titled to question the appropriateness of
any proposed level of effort. As one con-
gressman put it to me as a Pioneer 11
scientist: “Why is it urgent to measure
the magnetic moment of Saturn during
1979? Why is this effort in the public
interest? After all, the planet will still be
there 100 years from now.”

Such questions are easy to ask and dif-
ficult to answer. :

One form of answer, of course, is to
cite the long history of pure science in
laying the foundations for innumerable
technical developments and their contri-
butions to human welfare and to further
cite specific examples.

[ have no difficulty in defending the
intellectual quality of astronomical sci-
ence. for example. but I would not like
what [ see in a mirror if [ were to claim
that knowledge of the magnetic moment
of Saturn is of any immediate practical
importance. Nor do [ attempt to do so.
In such matters, I think that our best
move is to fall back on the general public
perception of “worthwhileness”. Worth-
whileness is a collective judgment which
is quantified by the political process as a
kind of equilibrium between advocates
and skeptics. So it is with space science.

It is well known that scientists have a
virtually unlimited capacity for planning



new programs. The challenges of space
research are noteworthv for spawning
expansive thinking. I have often re-
marked that [ can think of a one-billion
dollar space project before breakfast any
day of the week, or a two-billion dollar
project before breakfast on Sunday. This
is easy to do. Yet we must not delude
ourselves by what has been called a
triumph of hope over experience in for-
mulating our programs.

Space Applications

Space applications is a short term for the
use of space flight technology in provid-
ing direct and tangible human benefits
of a utilitarian nature. Such applications
are sometimes called “spin-offs”. But |
personally deplore the use of this term,
which implies that they are incidental
and without conscious intent. On the
contrary, space applications are the re-
sult of purposeful and highly competent
effort directed toward clear needs.

In some cases, they are derived from
fresh knowledge gained by space sci-
entists but more usually thev have a
much broader scientific and technologi-
cal base. Some have commercial poten-

tial. Others lie primarily in the realim of

governmental services. _
‘The most prominent of space applica-
tions is the use of satellite relays for rapid
domestic and international telecom-
munications. This is the only application
of space technology that has achieved
true commercial status in the non-
governmental market place. Communi-
cation satellites serve an immense vari-
ety of civilian and military purposes and
are a pervasive element of modern civili-
zation. Their use continues to grow but
they now have formidable competition
in high-traffic point-to-point communi-
cation by way of optical fiber cables, es-

pecially transoceanic ones.

Another prominent space applicatuon
is represented by satellites for the con-
tinuous  montoring  of  the  Faith's
weather on a global basis and fur mon-
toring solar emissions. Special applica-
tions of metcorological satellites in sur-
veving the ozone content of the upper
atmosphere and the distribution of other
minar but important components of the
atmosphere are of increasing importance
in determining hoth natural and anthro-
pogenic fluctuations and trends. Also re-
search satellites are of vital importance
in clarifving the dynamics of the atmos-
phere and ionosphere, matters which
mix pure science and applications to hu-
man welfare.

Another major area is that called re-
mote sensing, tvpified by Landsat and
Spot sartcllites for the sophisticated,
multi-spectral survey of the surface and
near surface features of the Earth and its
oceans on a global basis. Again, such sat-
ellites have both civilian and military
purposes. There is significant commer-
cial potential for their observations but
most of them continue to fall in the broad
arca of governmental services and there
is nu reasonable expectation that this sit-
vation will change markedly in the near
future.

Networks of satellites provide the
basis for navigation on land, at sea, and
in the air with unprecedented accuracy
and also have important applications to
geodesy and geology.

My roster of examples of space appli-
cations is, of course, incomplete but illus-
trative of modern developments. It is a
matter of regret that their importance in
evervday life is so little appreciated by
the general public including the news
media which, ironically, are increasingly
dependent on them in their daily upera-
tions.



All important applications of space
tcchnology utilize unmanned, com-
mandable spacecraft, most of which have
useful lifetimes of many vears. [t is lu-
dicrous to suggest that human crews in
space have any significance in the feld
of space applications.

Concerning the Space Flight
of Human Crews

[ now turn to some remarks on the future
role of human crews in space from the
perspective of our collective experience
over the past threc decades. I will use the
common term manned flight but do so
with the full recognition of the roles of
both men and women.

In common with millions of others, |
sharcd in the vicarious thrill of the
Apollo landings on the Moon, including
especially the TV coverage of Neil Arm-
strong lumbering down the short ladder
from the Apollo capsule and setting his
hecavy hoats on the lunar surface. This
was on 20 July 1969, now over twenty-
onc ycars ago.

However, since termination of the
Apollo and Skvlab programs in 1973,
manned flight has not been essential to
any important scientific or utilitarian
purposc despite the fact that, in the
United States, it has consumed over
two-thirds of the resources of our civilian
space pragram.

In January 1972, President Nixon an-
nounced his approval for the develop-
mcnt of a space shuttle—a winged re-
coverable spacecraft capable of carrving
a human crew and over 20,000 kilograms
of cargo. At that timc NASA declared
that four such vehicles would, by the
early 1080s, supplant all U.S. unmanned
cxpendable launch vchicles and would
make possible fiftv Mlights per vear at a
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cost of $230 per kilogram of payload ¢
livered into low earth orbit. It was also
cstimated that the useful lifetime of each
vehicle would be of the order of one-
hundred flights. Such gross optimism
bordered on fraudulence as was evident
to some of us who testified against the
realism and wisdom of such a develop-
ment in a sequence of congressional
committee hearings following the Presi-
dent's announcement.

As of 1990, it is evident to nearly every
expert person that the shuttle program
has been a limited technical success but
a gross failure of policy. Worse yet, it has
plagued the progress of space science
and applications by its voracious de-
mands on resources and its conspicuous
failure to meet its declared objectives.
Following the public trauma resulting
from the Challenger disaster in January
986, the U.S. Department of Defense
was, at last, able to break away from the
presidential mandate to rely exclusively
on the shuttle for delivery of military
pavloads into space; and it resumed pro-
curcment of a family of well developed
cxpendable vehicles. The commercial
tclccommunication industry has fol-
lowed suit as has our National Oceanic
and Atmospheric Administration. In
striking contrast, NASA has persisted in
its heavy reliance on the shuttle and has
taken only reluctant steps to diversify its
launching capability.

Presidents Reagan and Bush have fur-
ther jeopardized the future of the true
bencfits of space exploration and exploi-
tation by advocating massive new pro-
grams of manned flight, thus in effect ig-
noring both experience and common
scnsc. In his State of the Union address
on the 25th of January 1984 President
Reagan spoke as follows:

“We can follow our dreams to distant
stars, living and working in space for



peaceful, economic and scientific gain.
Tonight, I am directing NASA to de-
velop a permanently manned space sta-
tion and to do it within a decade... A
space station will permit quantum leaps
in our research in science, communica-
tions, and in metals and life-saving medi-
cines which can be manufactured only in
space.”

He continued with remarks on the
enormous potential for commerce in
space. A year later he reiterated his en-
thusiasm for space as the “next frontier”
and emphasized “man’s permanent pres-
ence in space” and the bright prospects
for manufacturing large quantities of
medicines for curing disease and ex-
traordinary crystals for revolutionizing
electronics—all in the proposed space
station.

It is always pleasant to hear a presi-
dential endorsement of one's profes-
sional field but in this case practitioners,
such as myself, were staggered by the
excessive, if not misleading, expectations
that such statements create among those
who are ill-informed.

Indeed, the concepts of “man's perma-
nent presence in space” and “man's occu-
pation of the solar system™ arc slogans
widely repeated as though they were di-
vine revelations, immune to rational dis-
cussion.

Six years into President Reagan's
promised decade, the space station is still
on the drawing board, being repeated|y
redesigned in response to inadequate
support by the White House and the
Congress; and its estimated cost has
grown from a promised $8 billion to a
more realistic $40 billion, a poignant
example of the reality gap.

A 20 July 1989 public address by
President Bush contained expansive rhe-
toric similar to that of his predecessor.
including an endorsemcnt of the space

station development and of the objec-
tives of establishing a permanently man-
ned scientific station on the Moon and
conducting a round trip manned mission
to the distant planet Mars.

But to his credit. he cautiously re-
frained from near term support for the
latter two undertakings and directed a
study of their feasibilitv, costs, and time
scales by the National Space Council,
chaired by Vice President Quayle. The
results of this study have not been made
public, but knowledgeable persons have
already estimated that execution of the
Mars mission alone implies average an-
nual expenditures of $25 billion over a
period of two to three decades or a
cumulative total of about $600 billion
(1990 dollars), representing some 10
million man-years of human cffort,

It can be and has been argued that the
United States can afford expenditures of
this magnitude for such lofty cultural
goals and such high adventure. Burt |
judge that typical taxpayers and their
representatives in the Congress do not
have a manned mission to Mars among
their national priorities, Worse vet, such
presidential rhetorie does a great dis-
service o the many worthy, much less
costly, and readily achievable scientific
and utilitarian objectives of a thoughtful
program of space cxploration with un-
manned spacecraft. The latter objectives
include environmental monitoring of the
Earth on a global basis and important
contributions to assuring the health and
welfare of future generations of its hu-
man inhabitants.

Conclusions

I'conclude by summarizing my principal
points. As vou will sce, they are in the
framework of US. poliey but | venture
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the opinion that they are worthy of con-
sideration by other nartions as well:

— NASA and its associated contractors

and grantees, despite despair follow-
ing the Challenger accident, con-
tinue ta have high competence and
constitute a unique national assect.

Apart from the flourishing telecom-
munication industry, the true “com-
mercialization of spacc”, free of es-
sential governmental subsidy, is a
wan hope and hence a wrong-headcd
basis for policy.

A “balanced” program within NASA
should provide about 30% of the to-
tal resources available to the agency
(including launch services, tracking,
data acquisition and analvsis, etc.) for
spacce science and useful applications
including aeronautics, and about
0% for all uther activities.

For almost all scientific and utili-
tarian purposes a human crew in
space is ncither necessary or sig-
nificantly uscful and the shuttle is the
most expensive and least robust of
available launching techniques,

The civil space program of the
United States must return to primarny
reliance on unmanned launch vchi-
cles. as the communications industry
and the Department of Defense al-
ready have.

Space science and applications pro-
grams (NASA and NOAA) must nnt
be held hostage to the manned flight
program (shuttle and/or space sta-
tion) but should have quasi-
independent authority to make co-
herent long range plans and to pro-

cure appropriate launch services (as
part of their budgets).

Improved understanding of the
Earth's environment on a global
scale should be made a substantial
element of NASA's direct response to
the public interest (perhaps analo-
gous to that of the National Institutes
of Health); but the program should
be developed incrementally and
should not be overrepresented as a
panacea to the world's environ-
mental distress.

The space flight of human crews may
well be a worthy cultural objective in
its own right (high adventure under
exotic circumstances, inspirational,
prestigious) for a wealthy nation, but
advocates should acknowledge the
realistic risks and costs and should
not hewilder the issue with false
claims.

The planned US./International
space station is on a scale grossly in-
commensurate with its clearly identi-

fied usefulness (cf. MIR, Skylab).

The Human Exploration Initiative
of the present Administration (per-
mantently manned station on the
Moon and manned expedition to
Mars) is on such a long time scale
and such a high level of cost as to be
incompatible with realistic expect-
ations of public support. Emphasis
on such objectives does the entire
space program a disservice.

International collaboration in space
should be cultivated in a natural way,
as in the past, but should not be
driven by political objectives.





