will not differentiate into cells of that
type. If the metabolic level becomes
optimal in these cells later, when other
group of genes are active, then these
other genes will direct the synthesis of
proteins that will specify differentiation
into cells of another kind.
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Exptl.
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Educational and research programs contribute to
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There is a curious dualism in the
mobility of man and his culture
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is distributed in essentially all places
that are even remotely habitable, in
spite of the fact that the average in-
dividual basically prefers to remain
fixed. Most human beings spend their
lives within a few miles of their birth-
place, usually marrying someone from
just around the corner. Yet in spite of
this, man has managed to get to every
spot or crevice of the earth’s surface
that he can reach by muscle or
machine. Moreover, individuals have
wandered far afield in spite of hard-
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it of gold. The same desire for trade
brought the Phoenicians to England
and around Africa, and ultimately
brought Columbus to the New World.

Third is the desire for adventure or
booty, which drove Alexander across
Persia to India, Marco Polo to far-off
Cathay, and Pizarro to Peru.

Then there are motives of military
strategy, such as those which caused
Hannibal to cross the Alps with his
elephants to attack Rome from the
north and caused Henry the Navi-
gator to seek a route around Africa,
thereby outflanking the Arabian cita-
dels in the Near East.

Desire for prestige may play a very
important role; it is this which led
national teams to penetrate the polar
regions and led Hillary to the top of
Mount Everest.

Then there may be religious mo-
tives, such as those which led Living-
stone to the heart of Africa, the
Puritans and the Quakers to the New
World, and the Italian Jesuit Matteo
Ricci to Peking, where he lived the
life of an expatriate 400 years ago.

Finally, there is the desire for un-
usual knowledge, one of the strongest
of driving forces in one group of hu-
man beings. This quest for knowledge
drove many men to the heart of Africa
to search for the source of the Nile,
drove others across the Arctic wastes
to the Poles, and drives still others in
bathyscaphes to the ocean depths.
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Clearly, most men who have made
unusual journeys have been spurred
on by a combination of these motives.
We know, for example, that the Celtic
tribes wandered back and forth across
the face of Europe in the first millen-
nium B.C., goaded by many motives
which must have included those I have
mentioned. Similarly, a combination
of these motives has been the force
behind most of the expeditions to the
Antarctic in the last 50 years and the
trips of the atomic submarines be-
tween the Atlantic and the Pacific,
under the polar ice sheet.

The exploration of extraterrestrial
space, in which mankind is deeply en-
gaged at present, is a continuation of
the pattern of migration that has pre-
vailed throughout history, with one
remarkable difference. Technology has
now reached a point where our ma-
chines can attain sufficient velocity to
overcome the earth’s gravitational pull
and hence has opened to us the possi-
bility of exploring the outer atmo-
sphere and. the regions between the
planets. Fortunately, the distances and
speeds involved in space exploration
are short as compared to a human
lifetime, so long as we keep to the
nearby planets, falling within the gen-
eral time framework of great terrestrial
explorations of the past.

The motives which drive us to
explore space are complex, involving
most of the motives I have given for
exploration in general. The only one
missing is the desire for wealth or
booty, although in this connection I
might remind you that Representative
Gross of Iowa stated last year, during
the hearings on the NasA budget, that
he hoped we would find that the moon
is made of gold, since we would need
it by the time the first men land there,
at the end of this decade!

I think we must view this period
of exploration as an essential part of
the human journey, tied to whatever
meaning our human existence has.
The only major debatable issue seems
to be the rate at which the exploration
proceeds.
that we must lead in space—that
nothing less will suffice. Our invest-
ment in the space effort in any year or
decade must be decided on the basis
of a complex balancing of all the fac-
tors involved and will continue to be
a matter of public discussion and de-
bate. If we are to lead, this investment
will be high as compared to our invest-
ment 'in most other science programs.
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The President has decided

Promise of New Knowledge

In considering the role which the
university will play in all of this, we
automatically focus on the issue of
knowledge, for the university is one
of the places where new knowledge is
generated through research. It also
has, almost uniquely, the role -of trans-
mitting advanced basic knowledge in
a systematic way from one generation
to the next. For the university to ig-
nore space exploration in its broadest
sense would be as unthinkable as for it
to ignore the corresponding problems
concerning terrestrial affairs. Con-
versely, as I emphasize later, those
concerned with space exploration can-
not afford to ignore the universities. I
can think of no aspect of university
activity relating to science or technol-
ogy which is not involved in a funda-
mental way in the space effort. In this
connection I need only remind you
that one of the most active bodies in
the National Academy of Sciences at
present is the Space Science Board of
the National Research Council, which
played a key role in the organization of
NAsA and is now the principal out-
side advisory body for that agency. It
is composed of scientists and engineers
from essentially every discipline repre-
sented within the Academy. Most of
its members are from academic life.

Let me mention the principal areas
in which we can hope to gain, from
our efforts in space, the kind of
knowledge with which the university is
normally and rightly concerned. I will
begin with applications and will turn
later to science.

First of all, in the area of space
technology there are matters relating
to the traditional fields of engineering.
If we take the view that engineering
is concerned with the practical aspects
of power conversion, communication,
and control, with properties of ma-~
terials, and with structures, and that
the highest art in the field of engineer-
ing is the tying together of these as-
pects in specific applications through
invention and design, it is clear that
space technology offers an almost
unlimited challenge.

Similarly, if man is to spend long
periods in space, it will be necessary
to obtain specialized knowledge con-
cerning his responses to his space en-
vironment, and this will become part
of the body of traditional knowledge
in medicine, the behavioral sciences,
and engineering.

Finally, there will be sociological,
legal, and economic problems associ-
ated with space exploration., Their
solution will contribute to traditional
disciplines and will soon be fitted into
the body of academic knowledge.

When we turn to the basic sciences,
there are, first of all, matters to be
investigated relating to the earth’s
upper atmosphere, which is influenced
very directly by the emanations from
the sun (the solar wind). Related to
such studies is investigation of the thin
and highly ionized solar atmosphere
through which the earth travels. It is
clear that we will not have a compre-
hensive and practical understanding of
our atmosphere as a whole until we
have a clearer picture of events 160
kilometers or more above the surface
of the earth. Tied in with all this, of
course, is study of the Van Allen belts,
which are a focus of interest in various
fields of science and technology.

Then there are matters relating to
the inorganic composition of satellites,
such as our moon, and the planets—
that is, what might be called their local
geology. (In this connection I should
mention that the term geo, for earth,
is taking on a much broader meaning
these days—the chairman of the Acad-
emy’s Space Science Board is a ge-
ologist by profession.) Geologically
speaking, our planet consists of a me-
tallic core surrounded by a coating
of less dense metallic oxides, usually
thought of as being divided into an
outer crust and an inner mantle. The
basalts and heavier minerals lie nearest
the metallic core. The continents are
granitic “islands” which float, sur-
rounded by the oceans, on a basaltic
base. The actions of the water of the
surface and of the atmosphere and the
oxidizing atmosphere itself have pro-
duced highly individualistic features,
such as the sedimentary deposits and
the weathered and eroded features of
the topography.

To what extent are these character-
istics peculiar to our planet? Since
the moon does not possess an atmo-
sphere and probably does not have a
metallic core, it obviously has its own
individuality. Moreover, the moon
bears a clear imprint of billions of
years of direct exposure to space, and
thus it is a kind of enormous fossil
from which we may learn much of
the ancient past.

The information gathered by. radio
astronomy and by the recent Mariner
probe of Venus has given us a much
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clearer picture of the topography of
Venus than we had previously. Venus
seems to differ from the earth in many
important respects. For example, it
seems to have a dense, continuous cloud
cover and a surface temperature sev-
eral hundred degrees above the boiling
point of water. Mars seems more like
the earth today, in temperature and
in having an atmosphere transparent
to light. However, we still wonder
about the details of its atmosphere
and surface.

Related to all of this are questions
about the composition of the atmo-
spheres and the clues which physical
features give concerning the formation
of the planets.

The third great new area of scien-
tific study centers about the extraplan-
etary astronomical observations, of the
type ordinarily made with telescopes
and related instruments, that become
possible once the observer is above the
atmosphere. The vistas for research
are almost unlimited. The observer will
no longer be hampered by atmospheric
turbulence and by absorption by the
atmosphere, which blacks out every-
thing except a small region in the
visible spectrum and a few octaves
in the radio-frequency range, usually
called the radio-astronomy window.
One can expect a vast extension of
knowledge, on matters ranging from
details of the sun’s surface to the struc-
ture and composition of distant neb-
ulae, once this type of observational
astronomy is begun in earnest.

The fourth area of study concerns
the basic laws of physics, particularly
those that come under the designations
of special and general relativity. Excit-
ing new investigations become possible
when one is dealing with variations in
velocity and distance of gravitational
field somewhat larger than the varia-
tions ordinarily observed on the earth,
such as may be encountered by an
artificial terrestrial or solar satellite of
highly eccentric orbit.

Finally, we turn to the area of bio-
logical science, which to my mind is
by far the most intriguing of the fields
to be investigated in space exploration.
If we find no significant signs of life
anywhere else in the solar system, as
we might guess, offhand, would be the
case, we can be fairly certain that life
as we know it originated on the earth
and evolved, according to the tradition-
al concept, from complex molecules
suspended in the ancient seas of the
earth a billion or more years ago. On
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the other hand, if we do discover
signs of life elsewhere, a host of stim-
ulating questions will arise: Are life
forms elsewhere basically like those on
earth in the sense that the same amino
acid building blocks are used in their
structure? If they are, can we deter-
mine whether life originated else-
where in the solar system or universe
and was transported here? Or did life
perhaps start on our earth and become
dispersed at an early stage in its devel-
opment? If, on the other hand, it
turns out that life forms elsewhere in
the solar system are inherently differ-
ent from those on earth—that is, that
the chemical building blocks are rad-
ically different—what will we be able
to say. about the ease with which life
can be formed in other environments?
I myself can think of no other prob-
lems, except possibly those related to
the origin and evolution of our own
species, that are even remotely as ex-
citing as these. I should add that there
is evidence which suggests that the
hydrocarbons found in some meteor-
ites are closely related.to those found
in archaic deposits of biological origin
on earth. This, in turn, faintly sug-
gests that some forms of life resem-
bling our own may have existed out-
side our own ‘atmosphere.

Impact on the University

It is clear, then, that man’s adven-
ture in space will stimulate many
branches of university work in a quite
natural and automatic way. In some
instances this will mean no more than
the addition of interesting new studies
of a specialized kind in traditional
disciplines; in others, it will lead to
major research programs which may
involve sizable teams of workers.

One may reasonably ask to what
extent the universities can expect to
become radically reoriented. The an-
swer seems fairly simple. The effect
on each institution will be somewhat
individualistic and will depend upon
the particular interests of the staff and
students, but, on the whole, it will
not be vast. In general, the major uni-
versities will not be conscious of major
revolutions. Institutions which are al-
ready well grounded in the funda-
mental aspects of the subjects which
underlie space science and technology
will quickly make the necessary adap-
tations. Here and there a faculty mem-
ber will take on the problems in his

field related to space science or tech-
nology as a specialty and assemble a
team for developing a research pro-
gram or a new curriculum, becoming
deeply involved in a personal way.
Occasionally, a large segment of a
department involved in science, engi-
neering, sociology, or psychology will
decide that its department should be-
come a major center for such study
(for example, the department of phys-
ics at the University of Iowa has
devoted much of its attention to the
instrumentation of satellites and the
interpretation of the results obtained
from the instruments). Some universi-
ties will form interdisciplinary groups,
perhaps of the biological, physical,
and engineering sciences, in order to
evolve programs which draw upon a
diversity of talents.

I believe the greatest impact of the
space program will be on the engineer-
ing colleges, not so much because of
the unique character of the knowledge
which is being acquired as because of
the acceleration in the changing pat-
tern of engineering, which would have
altered much more slowly without the

.space program. While it is true that

the basic equations of the engineer,
such as Maxwell’s equations or equa-
tions relating to dynamics and statics,
will not be altered, the space effort has
need of engineering knowledge of the
most advanced and sophisticated type.
While there will be great emphasis on
routine reliability, there is also the
utmost need for innovation. I believe
those universities which take pride in
their engineering schools will now
have added reason to re-examine the
relative emphasis which they place
upon work leading to the doctor’s and
to the bachelor’s degrees. They will
also have cause to re-examine the tra-
ditional departmental structure, which
represents an inheritance from the
earlier days of engineering, when spe-
cialization occurred at the undergrad-
uate rather than the graduate level.
This structure may be poorly suited
for the period ahead, if the fields of
engineering are to have maximum

" flexibility in the face of challenges of

a highly sophisticated type. Moreover,
it seems clear that almost any aspect
of space research carried on within a
university will require close coopera-
tion between the engineering depart-
ment and departments in the physical
sciences, such as astronomy, geology,
or physics. The need for such coordi-
nation should accelerate the develop-
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ment of interdisciplinary laboratories,
for work in engineering and science,
to be used for both graduate and post-
graduate research programs.

It is hardly necessary to add that
the universities can make an enormous
contribution to the space program. At
the very least, the output of graduates
is indispensable if the program is to
accelerate and be sustained in the way
which is envisaged. These graduates
must have the best preparation our
academic system can give them. Fur-
thermore, the history of science in
the United States demonstrates quite
clearly that strong university participa-
tion in a field of research, whatever
it may be, helps to assure the health
of that field. There are many reasons
for this. First, a certain proportion of
the most gifted individuals find a uni-
versity, with its freedom and flexibility,
the most suitable environment in which
to work. Then, too, the presence of
many promising students in a forma-
tive period adds a particular freshness
and vitality to research. This is not to
say that excellent work is not done
elsewhere, in industrial, nonprofit, or
“in-house” laboratories. But any pro-
gram that does not take maximum ad-
vantage of the capability of scientists
within universities will not advance in
the most effective way possible.

University-NASA Interaction

This brings me to a major problem
which is in the minds of all of us at
present. What degree of interaction
between the agency sponsoring our
space program and the universities is
most desirable? The problem is ob-
viously a very complex one and is not
subject to any exact analysis.- Perhaps
one would like to ignore it, and yet
it cannot be ignored, precisely because
of the enormous demands the space
program will make upon the univer-
sities, in the next 10 or 20 years, for
highly trained manpower as well as
for correlated research and knowledge.
It is safe to say that, in the coming
generation, a large proportion of our
best-trained students in science and
technology—perhaps a fifth—will end
up in some part of the space program
if it continues to be the object of ur-
gent national interest. For their own
good, the space agencies must make
certain that the universities are viable
and that the students they turn out
have been given the maximum oppor-
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tunity to develop their capabilities, at
least in the areas of academic work es-
sential for the space program.

Let me make a side remark. We all
meet many individuals who regard the
national space program as an unmiti-
gated evil which saddles our country
with a heavy financial burden and di-
verts our best technical minds from
more important tasks. I hope I have
made it clear that I feel the general
goals of the space program are a nat-
ural continuation of the human adven-
ture. For our society, particularly
Western society, to ignore this chal-
lenge is unthinkable! The only debat-
able issues are the rate at which we
will proceed and the sacrifices we will
make to meet this challenge. Having
witnessed the colossal waste of techni-
cal manpower that occurred in our
country during the Great Depression,
I must say that the present period of

what some term technical overemploy- -

ment stands out in very healthy con-
trast. I feel that the overall evolution of
science and technology in the United
States will be far more rapid if we
have a healthy space program than it
will be if we do not, provided we con-
tinue to recognize both the good and
the bad effects the program may have
on our economy and social structure
and do what we can to mitigate the
latter. The impact of the space pro-
gram on our universities is one impor-
tant facet of the problem which merits
watching.

If we examine the policies of the
various agencies which support science
and technology in a way that has a
direct effect on the universities, we
find considerable variation. Let me
review some of the more important

examples.
First, there is the National Science
Foundation, which is not mission-

oriented and considers its key role to
be that of providing support to uni-
versities in most major areas of science
and engineering through grants. The
National Science Foundation does not
play a very direct role in guiding the
flow of students into employment,
although its indirect influence is enor-
mous.

The National Institutes of Health
resembles the National Science Foun-
dation in that it has broad responsibil-
ity for supporting research directed
toward the improvement of the na-
tional health. It differs from the Na-
tional Science Foundation in that it
also operates in-house laboratories,

which, interestingly enough, have suf-
fered seriously from losses in personnel
to the universities and nonprofit labo-
ratories which are supported by grants
from the Ingtitutes. Doubtless the
money furnished for research by N
is having a significant impact on the
number of students who choose the
life sciences instead of medicine as a
profession. Despite the aforementioned
losses of personnel in the indispensable
in-house laboratories of NIH, there is
little doubt that the policies of NIH
have done a great deal to bring the
country’s best minds and talents to
bear on the essential problems of
public health.

In the years that immediately fol-
lowed World War 1I, various agencies
of the Department of Defense, partic-
ularly the Office of Naval Research,
felt called upon to support university
research in breadth and depth, on the
principle that a healthy intercourse be-
tween the universities and the research
agencies and facilities of the Depart-
ment of Defense would benefit both
and thereby provide maximum support
to the Department’s mission. In the
intervening years, the Department of
Defense has interpreted its mission
more and more narrowly, having ap-
parently adopted the general view that
day-to-day association with university
science was overemphasized in the
past, and that the National Science
Foundation and NIH are doing enough
to maintain a healthy research atmo-
sphere in the universities insofar as
the needs of the Department of De-
fense are concerned. There are a few
areas in the Department which have
retained the original policies, but they
are few and are under growing pressure
to reform.

It is still true, I should say, that a
very large number of university grad-
uates end up working for Department
of Defense contractors or in Depart-
ment of Defense laboratories and
agencies, so the Department inevitably
depends to a considerable extent on
the health of the universities.

Immediately after its establishment
in 1947, the Atomic Energy Commis-
sion adopted policies toward the uni-
versities somewhat like those the De-
partment of Defense agencies had at
the time. That is, the AEC began to
support the universities in breadth
and depth, recognizing that this policy
would in the long run be of mutual
benefit. Over the years, the Atomic
Energy Commission has not deviated
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significantly from this policy. Unlike
the Department of Defense, the AEc
has, on the whole, tended to strengthen
and reaffirm its original policy on a
broad front. It is true that the con-
tracting procedures of the AEC are
rather more complex and cumbersome
than those of some of the other agen-
cies. This, however, is a detail, and
adjustments can be made in due
course. .

Since the space agencies, including
NASA, are much more mission-oriented
than either the National Science Foun-
dation or the National Institutes of
Health, I see little reason to expect
them to provide the same general type
of support to universities that NSF and
NIH provide, unless evidence arises to
show that certain specialized areas are
being grossly neglected. It is clear that
more appropriate bases for compari-
son are provided by the Atomic En-
ergy Commission and by the Depart-
ment of Defense. It is particularly
important that NASA make such a com-
parison at this time, while it is in the
process of establishing its own policies.
There are two good reasons for this:
(i) the quality of NasA’s own effort
will depend significantly upon the
quality of the product of the universi-
ties, and (ii) NAsA presumably has a
long life ahead of it and may well
determine the course of many aspects
of science and technology in our coun-
try, not the least of which may be the

vigor and effectiveness of some aspects
of university life.

On the whole, I strongly recom-
mend that Nasa consider adopting
policies relative to the universities
more nearly like the present policies
of the Atomic Energy Commission
than like those of the Department of
Defense. I realize that NAsaA, unlike the
AEC, operates its own in-house labora-
tories directly instead of depending
upon contractors, but this, I feel, is a
detail in the larger picture, since the
large contract laboratories of the AEC
are, in a sense, also in-house labora-
tories. What strikes me as the most
significant consequence of the differ-
ences in the policies now followed by
the AEC and the Department of De-
fense is that a very large number of
university scientists and engineers have
a sense of direct responsibility for
the program and welfare of the AEc,
whereas the trend is in the opposite
direction for the Department of De-
fense. I find very few scientists or en-
gineers under 40 in universities who
feel the sense of close communion
with the Department of Defense that
my own generation did in the corre-
sponding age period. I believe an im-
portant part of this difference stems
very directly from the fact that the
Atomic Energy Commission has con-
tinued to support university research
broadly and in depth while remaining
well within the framework of its mis-

News and Comment

Test Ban: Testimony on Technical
Aspects To Help Senators Decide
if Treaty Is a Boon or a Bane

No issue in foreign policy is more
entangled in scientific and technical
considerations than that of arms con-
trol, and recent progress toward a
limited test ban treaty has changed the
questions somewhat but by no means
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eliminated the technological context of
debate.

Devising an inspection system which
would satisfy both sides was a chief
technical difficulty preventing a com-
prehensive test ban and, when political
circumstances altered, this technical
Gordian knot was cut by excluding
underground tests from the ban. Nu-
clear devices can be tested in the at-

sion, whereas the agencies of the De-
partment of Defense have tended to
become more and more selective and
restrictive. This gradual withering of
the bonds between the Department of
Defense and the universities can be
justified only if one assumes that the
very indirect channels which now
exist are adequate. Such an assumption
strikes me as being exceedingly dan-
gerous. I think the policy adopted by
the Atomic Energy Commission is a
far more conservative and reliable one
in the long run.

Conclusion

In brief, then, it is my hope that,
once this period of organization and
adjustment is over and NasA has be-
come established, it will adopt policies
resembling those of the Atomic En-
ergy Commission, to the extent that
its frame of reference permits. This, I
feel, will assure a long and intimate
period of communication between
NASA and the universities, with opti-
mum benefits to both. I see no reason
why the establishment of such a policy
should affect the in-house laboratories
of Nasa adversely. On the contrary, it
seems to me that such a relationship
will result in the NasA laboratories’ ob-
taining the services of an appropriate
number of the most talented graduates
of the universities.

mosphere and above it, underwater, and
underground, and the last environ-
ment has persistently presented the
greatest difficulties for detectors. The
new test ban treaty simply forbids
tests where they can be monitored
more successfully.

The treaty is signed, sealed, but not
quite delivered, because of the require-
ment of ratification by the Senate. Full-
dress combined hearings before the

‘Senate Foreign Relations and Armed

Services committees and Senate mem-
bers of the Joint Committee on Atomic
Energy began Monday, with Secretary
of State Dean Rusk, an advocate of
ratification, as the first witness. Mon-
day afternoon, the Armed Services
preparedness subcommittee, in closed
session, heard Edward Teller, an anti-
test-ban advocate of long standing. It
is clear from the pre-hearing statements
of senators and the early testimony that
the hearings will cover scientific and
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