
used to the exclusion of the recessive 
lethal amorphs, the cistron cannot be 
clearly identified. It is suggested that 
the gene product of the Notch locus 
ultimately complexes with other prod- 
ucts to form two or more different 
structural proteins or enzymes. Since 
two different mutant varieties of the 
same Notch protein (derived from two 
different hypomorphic mutants) need 
not affect the same enzyme system of 
the two or more systems to which 
the protein contributes, the trans het- 
erozygotes may have a normal pheno- 
type. 

Cytogenetic comparisons based upon 
Notch as a cistron and bithorax as an 
operon suggest that a single salivary 
band corresponds to a functional gene. 
However, it is the association of the 
genetic complexity at bithorax with 
multiple bands and the affinity of 
Notch with a single band that is of 
central importance, for, even if genetic 
interpretations change in time, the 

cytological difference must retain some 
meaning in its new context. 
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I wish to discuss the relation of 
science to space exploration, and the 
role of the university in the explora- 
tion of space in the context of its 
existing relationships with education, 
research, government, industry, and 
other elements of our social environ- 
ment. Then I hope to become provoc- 
ative in commenting on the role of 
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the university in the next half cen- 
tury. The events of the past 7 years 
have had a profound effect on all hu- 
man affairs throughout the world. 
Repercussions have been felt in sci- 
ence, industry, education, government, 
law, ethics, and religion. The toys of 
our children, the ambitions of our 
young men and women, the fortunes 
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of industrialists, the careers of mili- 
tary officers, the pronouncements of 
high church officials-all have reflect- 
ed the influence of the beginning steps 
in space exploration. No area of hu- 
man activity or thought, no social in- 
stitution, has escaped. The university 
can be no exception. 

Those of us who are experiencing 
the first small steps cannot have the 
proper perspective to assess the full 
meaning to the history of man of the 
crossing of the space frontier. But I 
believe that its impact can only be 
compared to those great developments 
of past history such as the Copernican 
theory which placed the sun, rather 
than the earth, at the center of our 
solar system; to the work of Sir Isaac 
Newton in relating the fall of an apple 
to the motion of the moon around the 
earth through the universal law of 
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gravitation; to the industrial revolu- 
tion; or to other great landmarks in 
the history of man. 

As is well known, scientists view 
the exploration of space with mixed 
emotions, but most now realize that it 
is not an enterprise undertaken by the 
nation as the next step in the evolu- 
tionary development of "big science." 
Most of our citizens instinctively ac- 
cept the view stated by the late Ger- 
man space pioneer, Eugene Sainger, in 
the following terms: 

Space flight comes upon us as a natural 
event born in the deepest depths of the 
human soul, before which we can only 
stand humble or defiant; space travel 
comes upon us whether we love it or hate 
it or do not heed it at all, whether we be- 
lieve in it or ridicule it, just as war and 
high flood tides and death come over us. 

The exploration of space does in- 
volve what is now called "big science," 
a present aspect of the evolution of 
science which is resisted by many who 
wish to confine science to the tradi- 
tions of the last century. The perspec- 
tive of history shows that science has 
undergone a process of evolution, has 
changed, hopefully retaining the valu- 
able characteristics of the past while 
adapting to a new 'social environment. 
To oversimplify, we have seen 'the 
birth of science centuries ago in the 
work of the natural philosophers. They 
were usually amateurs, wealthy in 
their own right or supported by pa- 
trons. They had an insatiable curiosity 
for knowledge. They could and did 
study and know all aspects of knowl- 
edge then available, the theoretical and 
the practical, about nature and about 
man in all his intellectual and spiritual 
activities. As knowledge expanded, 
specialization began, and the teacher 
and his disciples became a commu- 
nity of scholars, an association of spe- 
cialists, a loose grouping of self-suffi- 
cient individuals. With further growth 
of knowledge and its permanent re- 
cording in books and libraries, the 
number of categories of specialists 
grew,' institutions were built around 
broader objectives, universities and uni- 
versity departments were invented, and 
means of interaction between indi- 
viduals and groups with generally simi- 
lar interests were organized. 

As science grew, the 'tools of the 
scientists became more complex and 
expensive buit were at first operable by 
the scientist himself or by small groups 
which included a few technicians. We 
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think of electron microscopes, infrared 
spectrometers, computers, and so on. 
The old traditions of individual free- 
dom and complete control by the in- 
dividual scientist were preserved. It 
merely cost more to support him with 
adequate equipment. Specialized indus- 
tries evolved to design, manufacture, 
and sell the equipment. The days of 
glass, sealing wax, and wire assemblies 
by the scientist himself largely dis- 
appeared. 

The Advent of "Big Science"9 

Then, with the airplane, the acceler- 
ators splitting the atom, and the 
rocket, came big science, involving mas- 
sive engineering and industrial support, 
institutes, national laboratories, associa- 
tions of universities, administration and 
management of large organizations, all 
of which were needed to match the 
more complex needs for further scien- 
tific advance as well as to meet the 
important social need of national de- 
fense. 

On other occasions I have discussed 
the almost dominant role of the social 
environment in which the scientist and 
engineer work and which in most in- 
stances seems to be a prerequisite for 
the intensive development of the scien- 
tific concept itself (though not always 
its discovery) as well as of the en- 
suing technology. Thus James Maxwell 
in 1865 and 1873 described the prop- 
agation of electromagnetic waves theo- 
retically. Shortly thereafter their ex- 
istence was demonstrated by Hertz 
(1883), and limited development pro- 
ceeded. But it was not until Marconi 
applied them to signaling in 1895 and 
succeeded in sending signals across 'the 
Atlantic in 1901 that greatly increased 
resources were applied, which were the 
foundation of very large industrial de- 
velopments resulting in a very great 
social impact. 

Today social needs have become 
much more complex-for example, 
war on poverty, and the abatement 
of air and water pollution-and go far 
beyond the material aspects of our life. 
The exploration of space may be in- 
terpreted as a modern social need 
which provides the environment to ac- 
celerate the growth of science and tech- 
nology in many areas, not only to de- 

velop space capability but also to par- 
ticipate in 'that complex, dynamic in- 
teraction between science, technology, 

and the social need essential to all. 
To use an analogy from bacteriology, 
there has to be a nutrient solution 
(money and employment opportuni- 
ties) as well as motivation to feed 
the scientific and technological effort. 
Then many latent efforts in science 
and technology begin to assert them- 
selves and move forward. 

NASA and Advancement of Science 

One of the major goals of the Na- 
tional Aeronautics and Space Act of 
1958 is fundamentally scientific, the ex- 
pansion of human knowledge of the 
atmosphere and space; or, in the lan- 
guage of the President's Science Ad- 
visory Committee, the exploration of 
outer space in response to the com- 
pelling urge 'of man to explore and to 
discover. The sounding rocket, the 
satellite, and the space probe have 
made it possible to put instruments 
above the atmospheric curtain into 
outer space, near 'the earth, the moon, 
and the nearest planets, and probably 
in a few years to the outer reaches 
of the solar system for direct experi- 
mental measurements and for an un- 
hampered view of the universe in all 
wavelengths from gamma rays to radio 
waves. Man himself has begun the ex- 
ploration of nearby space and hopes 
to reach the moon in a few years. 
Without the full partnership of scien- 
tists, and in particular university scien- 
tists, the job would be impossible. In 
addition we must rely upon the uni- 
versities for the basic research upon 
which to build a complex new technol- 
ogy and for ground-based experiments 
which contribute directly to under- 
standing the results of observations in 
space; for assistance in the conception, 
design, development, and testing of in- 
struments and spacecraft; for the ex- 
ploratory and basic research necessary 
to guide the planning and evaluation 
of scientific missions and experiments 
in space; and for participation as ex- 
perimenters in space flight missions. 
Finally, universities are the only knowl- 
edge-creating institutions that produce 
more trained people than they consume 
and hence are the primary producers 
of scientific manpower. 

NASA early decided to rely on the 
National Academy of Sciences as its 
primary source of scientific advice 
through the Academy's Space Science 
Board under the leadership, first, of 
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Lloyd Berkner, and now of Harry 
Hess. These advisers have contributed 
immeasurably to whatever credit is due 
for making space science as excellent 
as possible under the restraints of "big 
science" in a team in which there are 
of necessity many more engineers than 
scientists. Profiting from this advice, 
NASA has adopted the policy of work- 
ing within the university structure 
rather than fostering activities which 
pull the university researcher away 
from the teaching environment and 
of enlisting cooperation in a manner 
that will not only make it possible for 
NASA to accomplish its mission but 
that will also strengthen the university 
as an institution. 

Space science offers completely new 
methods of attack on some of the old- 
est and most fundamental problems 
challenging science, including the struc- 
ture of the universe, the abun- 
dance of the elements in the cosmos, 
the evolution of the stars and galaxies, 
the formation of the sun, and the 
origin of the earth. Extensive explora- 
tion has already been carried out in 
the near-earth region, the upper atmo- 
sphere, the ionosphere, and the mag- 
netosphere. The investigations have 
been extended into the interplanetary 
medium beyond the influence of the 
earth's magnetic field. Extensive at- 
tention has been given to the sun, 
whose activity is responsible for many 
of the time-dependent phenomena ob- 
served in the space near the earth. Ob- 
servations of the moon and nearer 
planets have begun. Finally, a begin- 
ning has been made on astronomical 
investigations above the blanketing in- 
fluence of the earth's atmosphere. 

In the missions undertaken pri- 
marily for scientific objectives, the 
choice of launch vehicle, trajectory and 
design of spacecraft are controlled by 
the scientific requirements, subject to 
the unavoidable restraints of available 
resources. The controlling priority is 
that of gaining fundamental scientific 
knowledge. Some science missions are 
flown to obtain specific information 
about the space environment in sup- 
port of other missions. Although these 
missions, such as Ranger and Surveyor, 
do give scientific information, their pri- 
mary motivation is to insure adequate 
engineering design of space vehicles. 
In the course of the past 7 years 
NASA and 'the universities have 
learned to adapt to each other's prob- 
lems, to provide adequate forums and 
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other mechanisms to make possible 
joint planning of scientific flight mis- 
sions, and to establish policies which 
have enabled fruitful cooperation in 
space science. These have often been 
reviewed on other occasions and need 
not be repeated here. 

Government Use of 

University Resources 

For many years the government mis- 
sion-oriented agencies have used the re- 
sources of the universities for research 
through the project method, a pattern 
originally developed in most effective 
form by the Office of Naval Research. 
A new form of contract, the research 
contract, was developed as a special 
tool for the support of research at uni- 
versities, largely awarded on the basis 
of proposals originated by university 
scientists. This contract, differing 
markedly from the usual procurement 
contract, provides a mechanism for tap- 
ping the ideas of the entire academic 
community of scientists, both for the 
basic research of science and the ap- 
plied sciences of engineering and medi- 
cine. 

All the NASA flight missions are un- 
dergirded by a program of advanced 
research and technology, carried out in 
in-house laboratories of NASA and 
other government agencies, in univer- 
sities, and in industry. The work ranges 
from basic research to applied research 
and advanced technological develop- 
ment, and there are literally thousands 
of projects. Among them are projects 
from the physical and biological sci- 
ences, engineering science, space propul- 
sion technology, vehicle systems technol- 
ogy, space operations technology, track- 
ing, data acquisition and processing, and 
even a few socio-economic studies. 

Mission-oriented agencies support 
primarily projects relevant to their mis- 
sions, although they participate, as I 
will indicate later, in the general sup- 
port of basic research. Relevance has 
been broadly interpreted. For example, 
in the field of astronomy NASA has 
given some priority to supporting an 
expansion of ground-based astronomy 
relating to the Moon, Mars, and Venus, 
in order to contribute directly to under- 
standing the results of the early mis- 
sions to these celestial objects. It sup- 
ports the development of instrumental 
techniques for measurements from 
space vehicles in parts of the spectrum 

not accessible to ground-based tele- 
scopes, and it supports, to a lesser de- 
gree, gap-filling projects in basic astron- 
omy in coordination with the National 
Science Foundation and other govern- 
mental agencies. 

In addition to direct project support, 
a more intimate association is necessary 
and desirable, as is now becoming gen- 
erally realized by government and uni- 
versity leaders and by the Congress. 
Thus in the fiscal year 1962 NASA 
initiated a program of enlarged scope 
for utilizing more fully the present and 
potential abilities of our universities 
in the space program. This program in- 
cluded the encouragement of interdis- 
ciplinary groups for research in broad 
areas, adapted in each case to the in- 
terest of the university itself and the 
needs of NASA; the provision of re- 
search facilities in special cases where 
essential to the new activity; and the 
support of: the training of people in 
fields relevant to space science and 
technology through research grants. 
These three components-research, fa- 
cilities, and training-are complemen- 
tary, and their relative magnitudes have 
been balanced in each case to ensure 
the most efficient use of the capabilities 
and resources provided. 

Many of the problems encountered 
in the space program require an inter- 
disciplinary approach demanding the 
concerted and cooperative efforts of bi- 
ologists, geologists, physicists, chemists, 
electronic specialists, metallurgists, en- 
gineers, economists, sociologists, and 
many others. The universities are the 
only institutions in our society having 
the potential ability to bring to bear 
on our problems such a variety of 
skills. We have therefore given encour- 
agement to the integration of related 
research projects into unified multidis- 
ciplinary activities, initiation of new in- 
vestigations to fill existing gaps, and 
participation of promising new groups. 
Thus able scholars in diverse disciplines 
are enabled 'to work together on the 
broad problems whose solution resists 
piecemeal attack. 

At many institutions these interdis- 
ciplinary activities are seriously imped- 
ed by lack of room, and as a conse- 
quence NASA has, in special cases in 
which new programs are being estab- 
lished and where all the circumstances 
warrant it, aided in the provision of 
additional facilities, including build- 
ings or building additions to provide 
laboratory space. In many cases this 
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assistance is provided in consultation 
and cooperation with other government 
agencies as a part of strengthening the 
scientific and technological capability 
of the university available to all gov- 
ernmental programs. 

As a consequence of the report of 
the Gilliland Committee of the Presi- 
dent's Science Advisory Committee, 
which called for doubling the produc- 
tion of Ph.D.'s in science and engineer- 
ing by 1970, NASA participated in a 
government-wide program to attain this 
goal. Since NASA's appropriation in 
fiscal 1962, when the program was 
started, amounted to about one-quarter 
of the federal R&D dollars, NASA took 
as its ultimate goal the production of 
1000 Ph.D.'s annually, which repre- 
sented approximately one-quarter of the 
increase considered desirable. This pro- 
gram is now nearing the planned level- 
the entrance of 1350 new students an- 
nually, yielding, after normal attrition, 
about 1000 Ph.D.'s by the time they 
have completed the 3 years for which 
they may be supported. 

Selection of 'the s'tudents and adminis- 
tration of the program are decentralized 
to the university, the individuals being 
selected by senior members of the fac- 
ulty who know the capabilities of the 
students, who will probably supervise 
their research training, and who in 
many cases are directly engaged in re- 
search activities supported by NASA. In 
addition to stipends for the students, 
funds are made available to help defray 
the cost of the program 'to the univer- 
sity. However, these funds are not spe- 
cifically tied to the students but are 
made available to the university with 
the stipulation that they be used to en- 
hance graduate education in fields rel- 
evant to space science and technology. 
The university itself determines these 
fields, which include all the fields pre- 
viously mentioned under the interdisci- 
plinary program. 

Over 1 30 universities participate in 
the training program. There is no com- 
mitment that the graduates will work 
for NASA or the federal government. 
It is hoped that many will remain at 
the university. The initial grants, which 
covered only 100 s.tudents, are just be- 
ing completed. We have been ex- 
tremely gratified by the results to date. 
As of 15 June 1965, we had been 
notified that Ph.D.'s had been award- 
ed to 68 students. Information is avail- 
able as to the initial career choice of 
58 of these students: 44 have chosen to 
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remain with the university, 33 in re- 
search and teaching and 11 on post- 
doctoral appointments on Fulbright fel- 
lowships; of the remaining 14, two en- 
tered employment in government labo- 
ratories and 12 were engaged by in- 
dustry. 

Universities in the Future 

I turn now to a more debatable and 
even controversial matter, the evolution 
of the role of the university in the 
future. We see around us much evi- 
dence of the ferment of change in re- 
sponse to what Lloyd Berkner has 
called a social and economic revolution 
of a magnitude unprecedented in the 
history of society and whose roots are 
nourished by the power of 'today's sci- 
ence, from which is derived an equally 
powerful technology. It is evident in the 
invention of new 'tools of university 
organization, such as research institutes 
within the university but not under 
departmental control, and associated 
nonprofit corporations affiliated with a 
single university or with a group of uni- 
versities on a regional and, more re- 
cently, on a national scale. It is evi- 
dent in the experiments on the evolu- 
tion of scientific and, particularly, of 
engineering curricula. It is evident in 
the demands on university leaders to 
bring the university's great resources 
to bear on the complex soc1l and ec- 
onomic problems of the neighboring 
community, the region, the nation, the 
global community of nations. The uni- 
versity is the one existing social insti- 
tution where the environment is con- 
ducive to scholarship, objective analysis 
and time for considered thought, and 
the interdisciplinary flux of many spe- 
cialist points of view. No other institu- 
tion has in one place men skilled in 
physical science and engineering, in the 
humanities, in medicine and the life 
sciences, in sociology and the behav- 
ioral sciences, in political science, in 
law, in theology. 

It is not expected that the university 
will become the primary action agency 
for solving the economic and social 
problems of our society or for setting 
basic social objectives, but it must have 
a prominent voice and influence. The 
university should, I think, aspire to in- 
tellectual leadership, to observe and 

analyze, to apply the power of the 
human mind-that faculty which dis- 
tinguishes man from animal-to estab- 

lish a rational basis for policy and 
action. The direct attack must be under- 
taken by other institutions, mainly by 
political agencies. We are now witness- 
ing the evolution of government agen- 
cies, particularly those of the federal 
government, to meet social needs by 
direct action in all fields from eco- 
nomics and public health to science and 
technology. A beginning is being made 
in the mobilization and integration of 
the total available resources to attack 
the most complex social problems. 

It is interesting to note the experi- 
ments of the State of California in the 
use of the aerospace industry to survey 
some of the major problems of urbani- 
zation, such as those relating to water 
resources, sewage and waste disposal, 
air and water pollution, and transpor- 
tation. Industry, too, has assembled re- 
sources of scientists and engineers and 
has developed new concepts such as 
systems analysis dealing with the inte- 
gration and application of knowledge 
from many fields to complex problems. 
The aerospace industry has had much 
experience in adaptation to change and 
has proceeded somewhat farther in its 
evolution to meet new environments 
than has the university. In the short 
span of 60 years, again in an over- 
simplified view, it has passed through 
stages somewhat analogous to those tra- 
versed by the university over several 
centuries. 

The aerospace industry began with 
the designer and his apprentices at a 
stage where one man knew all there 
was to be known about the design of 
airplanes and the underlying science 
and technology. This was followed by 
the development of small teams with 
specialization of effort in aerodynamics, 
structures, and propulsion. These spe- 
cialized problems were at first sepa- 
rable, with little interaction between the 
work of the design specialists. Then air- 
craft speeds increased, the air flow de- 
formed the structure, the deformation 
in turn modified the air loads, other 
interactions occurred, and new special- 
ties such as vibration and flutter anal- 
ysis came into the picture. The aero- 

space company grew in size and com- 

plexity. It became harder to identify a 

single individual as the designer of its 
product. 

When electronics brought new types 
of equipment such as radar, design 
compromises became necessary between 
the diverse requirements of electronics, 
aerodynamics, structure, and propul- 
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sion. Companies with different technol- 
ogies became associated. Individual 
companies were expanded into large 
corporations with several divisions spe- 
cializing in the several fields. With the 
arrival of missiles, atomic weapons, 
and space vehicles, research groups 
were established within the aerospace 
corporation, first made up of engineers 
and applied scientists, later including 
basic research scientists in the life sci- 
ences as well as the physical sciences. 
The development task became one of 
dealing with many systems, subsystems, 
and components, integrating them with 
extension of the systems concept to in- 
clude all aspects of design, construc- 
tion, land use. Even field maintenance, 
training of operators, and considera- 
tion of the real objectives and values 
of the whole development enterprise 
became an activity of the corporation. 
As the scope and size of projects be- 
came very large, even corporations had 
to be associated to provide the required 
resources. 

Formation of a Team 

In the space program it has been 
necessary to go still farther, to assem- 
ble a combined team of industry, gov- 
ernment, and university, comprising 
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hundreds of thousands of persons con- 
tributing to a single objective. Relations 
between supplier and customer grew to 
an intimate partnership. New institu- 
tions such as the Communications Sat- 
ellite Corporation have been invented. 
Others will undoubtedly follow. 

The university must be equally flex- 
ible and adaptive to meet its responsi- 
bilities and opportunities in the next 
century. Where does this leave the dy- 
namic quality of science, the traditional 
values of pursuit of excellence, free- 
dom of inquiry, preservation of cre- 
ativity, and the support of the uncon- 
ventional new ideas, particularly those 
of young scientists? We must be con- 
cerned to preserve these essential free- 
doms which have led to progress of 
the university in the past. 

Paradoxical as it may seem, I be- 
lieve that these values may not only be 
preserved but may even be strengthened 
within the larger framework of in- 
creased scope which can provide 
a sounder human motivation, bring al- 
location of increased resources, pro- 
vide the satisfaction of great accom- 
plishment in terms of human goals, 
and a sense of a community of interest 
with all mankind. If you will take the 
time to discover what is now going 
on in the exploration of space, you will 
find a free association of individuals, 
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each with complete freedom of indi- 
vidual choice, in the largest and most 
challenging venture of man, the search 
for knowledge of his environment and 
the application of this knowledge to his 
benefit. In this group of several hun- 
dred thousand people you will find 
innumerable examples of the pursuit of 
excellence from the renewed pride of 
the workman in his handicraft, to the 
intellectual effort of the scientist to 
analyze and observe. You will find 
mainly young men, unafraid of large 
problems or rapid change. You will 
find the unconventional idea being 
given attention. The university and the 
university scientist must and will adapt 
to the age of space exploration. 

Parenthetically, in closing, the Na- 
tional Academy of Sciences, born of 
the university and bearing the marks 
of its parentage, must also adapt to 
the environment of science as it exists 
today and to the environment of its 
second centennial. I have been pleased 
to see the steps being taken by the 
Council under the leadership of Presi- 
dent Seitz to play an appropriate role 
in the formulation of science policy and 
in giving advice to the government on 
the potential contributions of all sci- 
ence, whether government, university, 
or industry, and whether "big" or 
"small." 
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Aim Is Change along with Growth 
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Oak Ridge National Laboratory has 
a name that needs explaining. Although 
its facilities are government-owned, 
ORNL is not a federal laboratory 
staffed by civil servants but, rather, is 
operated under contract by a major 
industrial corporation. Furthermore, 
for more than two decades 'the labora- 
tory has concentrated on research and 
development work relevant to the mis- 
sion of its sponsoring agency, the 
Atomic Energy Commission. Increas- 
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ingly, however, ORNL is going "na- 
tional" in the sense of carrying out 
R & D activities aimed at solving prob- 
lems beyond the boundaries of the 
AEC mission, as narrowly defined. 

ORNL has a mixed academic-in- 
dustrial ancestry. It grew from the 
original research facility-known as 
X-10-built in 1943 shortly after the 
Manhattan Engineer District settled on 
Oak Ridge as the site for major plants 
for separating uranium-235. The new 
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X-10 was essentially a pilot plant de- 
signed to extract very small quantities 
of plutonium to prove the feasibility of 
big plutonium-producing reactors sched- 
uled to be built at Hanford, Washing- 
ton. 

In inspiration and to some extent 
in staff, the faciliity was really an ex- 
tension of the University of Chicago 
Metallurgical Laboratory. The Univer- 
sity of Chicago was contractor, but 
engineers of the du Pont Company, 
which had been made contractor for 
the Hanford works, collaborated in the 
design of the graphite reactor and 
the radiochemical pilot plant which 
were X-10's main elements. Old hands 
recall that, because of du Pont experi- 
ence and 'the unknowns involved in 
the project, X-10 was laid out like an 
explosives plant. 

Shortly before the end of the war, 
the contract for operation of X-10 was 
transferred to the Monsanto Chemical 
Company. The name Clinton Labora- 
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