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FOREIGN NUCLEAR POWER PLANS

European and American researchers have entered into an
‘agreement to -pool efforis in developing a: breeder reactor,
one that produces moré nuclear fuel than it consumes.
In the 20-year history of reactor development, -mairked more
by nationalistic - competition than international ecoperation,
the arrangement for trans-Aflantic coopération’is unusual.
Joining in the project are 17 private utilities in the Midwest
and - Southwest, the General: Electric Company, -the Atomic
Energy Commission, West Germany’'s Karisruhe -Research
Center and the six-nation European -Atomic Ehergy. Com-
munity {Euratom). Co - : .
- The groups will join in building and operating an exper:-
mental fast breeder reactor near Fayetteville, Ark., in the
Ozarks. The contract calls for an outlay of about $25 million,
of which the AEGC agrees to pay up to $12.7 million in re-
search and -development assistance. The: significance of ‘the
project is likely to prove more political than techmical in
establishing a pattern for international cooperation.. The
Commission and Euratom have cooperated in reactor research
but the new program marks the first direct financial participa-
tion of a European group in a reactor project in the U.S.
Euratom already has entered into an arrangement for pooling
fast-breeder. research among. its six member nations—Bel-
gium, France, Italy, Luxembourg, the Netherlands and West
Germany: (NY Times, 5/16). - - . . = PRREPE

U.S+EURATOM. TO EXCHBANGE - -
'BREEDER INFORMATION : .

In the near future, Euratom and the U.S. are-expected to
sign a long-delayed agreement for ‘exchange of "research
results and personnel in the fast-bréeder reactor field. The
agreement also provides for the U.S. fo sell Euratom a large
quantity ¢f plutonium and to lease to the six-member agency
all the wranium it will require for its breeder rescto¥ pro-
gram over the next four years. Experimental breeder re-
actors already are operating in the U.S., in Britain and on
theé continent, ‘and meore are being built, Britain, which is
not a member of Euratom, is dickering with the U.S. and
Eurgtom to arrive at some sort of breeder information ex-
change program too. Politically, the accord between the U.S.
and Buratom is viewed by some as a symbol of unity within
the Atlantic Alliance, with some significance being attached
to the fact that the French, who in thepast have been eritical
of Euratom-U.S, relations, have not opposed the. breeder
reactor accord. However, the French plan to announce sooh
a major civilian nuclear power program invelving . construc-
tion of five large power stations, each of which-will utilize a
French-developed, natural dranium, gas-cooled system. The
French have béen trying—without success—to sell their
brand of reactor to -other nations, and recéntly chided: Eura-
tom fot following the U.S. lead and failing to develop.a
strictly European nuclear technology. (W. Post, 5/7 & 5/11).

BRITISH PLAN EXPANSION

The British government announced last month that it plans
t0 ‘double its eivilian nuclear power. effort durihg the next
decade, The program calls for construction of four new
power stations, of a type or types not yet decided. In recent
months, . General Electric and Westinghouse have. been mak-
ing attractive commmercial offers to sell the British large water-
cooled reactor stations, which would be cheaper than Britain’s
own gag-cooled type. British officiala’ have said that if the
American reactors are chosen and built under license, no
more than 15 per cent of the components will be imported
from the U.S. The best guess of officials is that the new

* British power stations will be a mixtare of American and

British types. Urder its present nuclear power.program,

British power stations expect to generate 2000 megawatts

by August; the new ten-year plan is expected to provide a
"~ {Continued on Page 2) S .

‘tions with an almest imperceptible fime-lag.
.of outer space, a scientific experiment by one nation becomes
the concern of the infernational communmity of scientists

.. .. specifically so mdmated.
* SCIENCE AND THE GENERAL
~ WELFARE IN A DEMOCRACY

~(Dr. Glenn T. Seaborg, Chairman of the Atomic’

. - Emergy Commission, delivered the Harrelson Lec-
. ture, ae titled above, at North Carolina State College,

Raleigh, N. C., last March 11, Most of the lecture 48

“reprinted heire.) ’ L

It is the Third Revolution of Science that concerns us to-
day as in earlier days the Democratic Revolution called into
service the architects of our national political institutions
and as the -Industrial Revolution engaged the best talents
and energies of those who fashioned the great industrial
system of America during the last century. With the advent
of the Third Revolution, sciénce has become so important to
‘our national welfare, not only in terms of national defense
but also for our economice growth and social well-being, that
the relationship between science and government is for us
in our-day a matter of profound significance.

“There was the foreshadowing of such a relationship as
early as the Civil War, and a yet stronger indication during
the first World War. No one, however, could £fail to see at
the conclusion of World War Il that the contributions of
science had been fundamental to mational survival in our
greatest crisis. Later, the shifting of alignments and the
prolongation of latent hostilities in the shape of the Cold
War meant that the Federal Government had perforce to be-
come more and more heavily involved in.the support of
seience, These factors account for much of the Government’s
continued role in setting national objectives in science and
influericing progress toward thegse objectives,

But as we responded to the persisting demands of the Cold
War and the needs of national security, we :awakened also
to a more significant realization. We found that we could
not abandon the productive fusion of forces that emerged
during the war years. We discovered that the powerful
focusing of basic and applied science; engineering develop-
ment, and industrial production which accomplished so much
for us.in wartime bad equally prefound implieations for our
peacetime future. The advancerent of peaceful national
goals, for example, economic expansion, the improvement of
health, the development of adequate energy resources and
assistance to other nations—all these were recognized to
Test upon a continuation of the machinery of econcerted
‘seientifie-technological efforts. . .. ‘ o

+As a general ‘condition’ applicable more or less across the
board; we:should note first the factor of amplification. In
every phase of modern t{echnology, the potentiality for
phenomenal degrees of amplification forces us to consider
the whole planet and even its surrounding regions in space
as a closely coupled system. On the terrestrial level, a
devastating flood or earthquake in the remotest region of

‘the globe can almost instantly, through modern means of

communication and transportation,” marshal the ' enormous

resources of our own and other téchnologically advanced
mnations to assist the beleaguered irhabitants of thaf region.
The effects of a drought in 'some part of the world rescnate

throughout the economies of the major grain-producing na-
n the reaches

even before it can be performed. Today in the stricfest
sense of their truth we can quote John Donne’s words that

#no man is an island unto himself.” Certainly with the in-
‘ereasing unity of world science, no nation of great power
can shape the future of its own scientific and technological

development without profoundly affecting algo the future of
all mankind, . .. K o
. {Continuved on Page 3‘)
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HOUSE COMMITTEE HEARINGS ON
GOVERNMENT-SPONSORED RESEARCH

The Daddario Committes, or, mote properly, the Subcom~

mittee on Secience, Research, and Development of the House
Science and Astronautics Committee, has held hearings
during the past month on “two of the more vexing problems
currently associated with Federal sponsorship of scientfiie
research and development”: (1) geographical distribution of
Federal funds for research and development (2) indirect
costs allowed on Federal grahl;b for basic reeearm. Wit.
nesses have-included: William J.- Armstrong;-Bureau of the

Budget;: Lee A, DuBridge, president, California Institute of.

Technology; ngma.n Brewster, -Jr., president, Yale Univer-
sity; Lt. Gen. - William J. EIy,__Department of Defense; Leland
J. Haworth, director; National -Science Foundation; George
B. Krstlakowsky, Harvard Umversrty, Herbert E. Longeneck-
er, president, Tulane University; Donald F. Hornig, director,
Office of Science and Technology; Gerald F. Tape, commis-
sroner, Atonuc Energy Commzsslon.

Generally, w:tnesses have felt (a) that the government
should pay, but is not now paying, the full cost of research
for which it makes grants and:(b) that despite the diffieulties
and dangers inherent in the task, programs to develop addi-
‘tional excellent. centers of science should be pushed Hear-
ings are contmmng :

The Daddano Comm:ttee has also a.ppomted a Research
.Management Adwsory Panel “which will act as a spec:al
task group for the' committee.in pointing the way to improve
Yesearch managément.” “Michael Mrchaehs will serve as the
.Panels executive dlrector. )

~The - National Smence Foundatmn has agreed to conduct
a study on science. education in the. Umted States for the
committee. Also thé National Academy of Sciences will con-
duet: several special studiés for the committee, the first of
which, accordi‘ng' toa p‘rogress re'port' “will involve determin-

TavenT 'E|A.1..-...T ...... sotn oAl P P,
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necessary: to- malntam the nation in a- posture of. leadership

in the following areas. (a) technological accomplishment;
(b) economic development; and (¢) national security. The
study will also éndeavor.to 1dent1fy the" important, phases
of scientific research whieh are-being. madeq,uately pursued
and determine whether- present lmbalances of money aud
manpower are to blame s

Two reports- have: already been releasfed by the: subcom— :

mlttee The first dealt with the subcommittee’s purposes and
desciibed a numiber of social i issues ra.rsed by inereased tech-
nology. The second reviewed' trénds in Federal speudmg on
research -and development since World War IT.-A third re-
Port now being prepared will discuss ways in w}uch Congress
can become better 1n£ormed on sclence. . : -
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NEWS FROM ORGANIZATIONS

* Society for Social Responsibility in Seience

The’ SSRS is holding a resident Institute on “The Scien-

-tist’s Role -in Peace”. June 30-July.5, at Fellowship House

Farm {(near Philadelphia, Pa.). This informal conferencé
is planned especially for scientists, engineers, and students
who wish to explore “peaceful and constructive outlets for
their abilities,” and will cover questions concerning. ‘‘war
and peace” choices and the response of seientista. (Further
information: Prof. William  C, Davidon, Dept of - Physies,
Haverford College, Haverford, Pa.)

Councll for a Livable World
.ﬁ. IECeﬁb i'epulb revreweu wunur ACLLVILIES: 'DO puDﬂClZB
issues of “war and-peace and to exert pressure on Congress
and the Administration.. The Council has been preparing, or
reprmtmg, a series. of position, and background papers, on
defense issues and broader. questrona of fore1gn policy, the
role of scientists etc., .The Council is sponzoring publie talks
by several Senators;. a program of geminars for. Senators
has been "mgmy successi, 7 .t’lans for the 1mmedlate future
stress issues concerning . a, NATO . multilateral force, in-
creasing East-West - trade, and : further drms eontrol steps
(May 1964 Coumncil memorandum.) : ]

Scientists’ Institute for Public Informatmu

SIPI aims to provide the general public wrth “the ‘Scien-
tific-information needed for responsible’judgment. on nubho
isgnes, At present,-it will emphasrze problems of . environ-
mental . éonservation—radiation, air:and water pollution,
pesticides, ‘etc.. Other problems..under: consideration include
population: control and consequences of .automatic production
methods. SIPI was established in.April, 1968; its -Chairman

is Dr, Edward L. Tatum, 2 Nobel Prize-winning. geuetwlst
A Pirgt izgue of : SIPI Neowslatter 20 B 68 St :

68, St., N.Y.C.).
Society for Psychological Study of Social Issues . .
SPSSI's. Subcommittee .on- Problems of Peace and War. is
sponsoring a :$1,000 prize for “the best essay on.a research-
able problem relating to a.gpecific.thréat to. peace likely .to
arisé during approximately-the next two decades.”: Criteria
for the essays emphasme systemat:c treatment of socral-

p.-:_yuruwsu.m aspects of a specific problem.  Deadline for

o et T
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essays is January 1, 1965: “suggested length™ up to 50 pages,

{Further mformatlon SPSSI Box: 1248; Ann Arbor, Mlch)

FOREIGN NUCLEAR POWER {continued)

total of 10,000 niegawatts eventually. In the U.8., the AEC
renorted in January that the eléctrical g'eneratmg' oanamtv
of this country’s nuclear power stationy’ exceeds 1000 mega—
watts. The chief difference between the civilian power pro-
grams of the two countries: is. that Britain decided ten years
2go to build a single type-of reéactor whereas the ARC pur-
#ued -a. shotgun resedrch and development’ program to ex-

periment with a variety of reactors. This still is the essent:al
Aiffavonpsa hatwaon tha-fun offrr f Prok oA /18y,

W
difference between the two efforts. (W. Post, 4/18)
- OTHER COUNTRIES WANT POWER REACTORS
" Both-Rumania ‘and Yugoslavia liave put out. feelers to the
U.S. about buying nuclear power plants. Rumania is inter-
ested in obtalning twe 500600 megawatt plants, a size larger
‘than any now even under construetion in the U.S, Yugoslavia,
1t was reported also 1s cons1der1ng ‘two plants, one. about
200 megawau.e and the other an experimemar “pilot type
which would involve U.8. eooperation-in its “reséarch  and
development. - Three members of the rY1.1.g«:vslav ‘Federal ‘Nu-
‘clear Energy Commisgion currently ‘2re touring the W.S. 'on
US leader grants, - The AEC -reported that the U.8. has
“ample™ supplies of the U-285 fuel necessary for such plants
and, wrth Congressiomnal® approval is’ prepared “to-make this
available under the mspectlon saleg’uards ot the International
Atomic Energy Agency.

The Trnited States recently agreed to provide’ Indla ‘with
a-$88 million, long-term, low-interest loan to build a 380-
megawatt nuclear -power plant ‘at” Tara‘pur, near Bombay.
General * Electric has ‘recently Slg'l‘ledf 4" contract with the
Indian Government to build"this station, one of the vrorlds
largest. - Now Pakistan has begun negotiations for U.8. as-
sistance on a similar reactor of 100 megawatts, Algo, Spain,
Japan ‘and Sweden have put ovi feelers recertly “about the
possibility of obtaining U S-des:gned nuclear ,power pIants
(W Post, 5/17.'& 5/26).

“1J.8.-Israeli talks are pursuing Pres:dent J o’nnson s Febru-
ary offer to cooperate with Israel in using nuclézr power to
‘help- solve ‘the Middle East’s chronic” water shortage A
possible obstacle may be Israel’s relidtance’ to accept inter-
national controls over atomxc a1d from the U.S. (N.Y. Times,
2/8, 4/19, 6/7).
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- SEABORG: SCIENCE AND THE GENERAL ‘WELFARE: {continued) -

Not only do. we have these tremendous: mew [nuclear]

- ‘energy resources well on their way to stceessful exploitation,
"we are also rapidly ‘mastering the revolutionary technology -

of ‘high-speed. computers, ‘and automgation. Araplification “is
very much in evidenee in this field: unprecedented amplifica-
‘tion of the rate of production and equally unprecedented
amplification. of our thought “brocesses, leading to the solution
of problenis of ‘remarkable “scope and complexity. "The po-
tential effects of this techriology are of steh siphificance that
we must restudy, and ll:erhaps may have to reshape, what we
hia.d thought Were unchanging econormc ‘eoneepts and’ princi-
ple.

Equally profound changes have taken place in the life
sciences, especially in their relationships to physiés and bio-
chem1stry The: poss;b:lmes of transformmg ‘microorgan-
istng, plants and animals in such a manner as to improve
our ecological and economic situations are.so nearly infinite
as to. dwarf description, There are millions of species, and
the.routes of artificial.evolution through which any one . of
them. may be. educed info new forms are diverse, ever-branch-
ing and virtually endless.. We may expect that inevitably our
recently . acquired, knowledge of the .genetic code. will be
applied also.to the improvement of the human “species which
Julian Huxley said recently so badly needs to be done, He
says that our species is deferiorating “thanks to the. keepmg'
alive of genetic defectives , . . and thanks to new mutation-
causing .agents.” But once we have the ability to determine
the genetic.characteristics of a human-infant, who will step
:Eorward with suﬂic:ent msdom to choose those traits most

These possrb:htles, together wrth ‘the: urgent problems of
an exploding world population, force us to. consider the
fundamental question—what are people for? We will'need to
answer. this question at the same time that we are struggling
with the muititude of other problems. brought about by:the
population:explosion, Science must play the key role in the
solution of these problems. -We may expect, for example, that
our. present -farm surpluses will soon disappear and we shall
- require. all: the skill of our soil scientists, agronomists and
agricultural .experts to raise. productivity to the required
levels. These difficulties aré sure to be further increased
by the withdrawal of appreciable. acreages of our best. farm
lands from. cultivation .to be used: for. urban developments,
freeways, military. ingtallations, factories, ete. New methods
of food processing and means to reduce waste and spoilage
will have to be devised so that we may more completely
utilize:our plant and animal crops. Our diminishing reserves
of forests and minerals will force the adoption of adequate
conservation policies,. and the development of substitute ma-
terials. will assume a new urgéncy.. We: shall find ourselves
increasingly dependent on the_desalting of sea water to fill
urban reservoirs. The congestion of ¢ur cities will intensify
present problems and- create new ones in -transportation,
utilities, water supply, waste disposal, public- health and

recreation; mental. health and the. entire range of- socml be- -

havior.

NEW ANSWERS AND NEW PROBLEMS

Fortunately we have the potent instrumentality of the
new-techniques in automation to help us with the solution of
‘many of these problems. Not only does this new ecomputer-
based technology prowde the means of tremendously increas-
‘ing production but it also will enable us to operate the sys-
tems of gteat complexity which we will need for the simul-
taneous control and harmonizing of the many factors affect-
ing our expanding' urban ecivilization. The extremely great
capability of the new computer technology brmgs with it,
however, the threat of major social and economic distortions,
Omne free-wheeling mathematician believes that the rise of
automation will propel us into an entirely novel kind of world
where 29 of our population, working in factory and on
farm, will produce all the goods and food that the other 98%
can possibly consume. Faced with this overabundance of
leisure, an economist predicts that we may have to keep the
unemployed portion of our population under more or less
constant sedation unless we can figure out something better

“~r them to do.
ﬁSedation as an answer may already be old hat because of

e startling development of new chemotherapeutic drugs
which upon further development hold promise for the allavia-
tion of mental suffering and perhaps also for the beneficial
readjustment of personality and our more transient moods.
‘We would hope that, valuable as these drugs may prove

‘apart from war

‘gredt jncrease

themselves 0 'be the:r ,se. on any extenswe scale wilt be ne
miord than & passing. pha_,s in our Higtory, giving way in due
timé to a finer adjustraient’in the relations between the indi-

vidual and gociety. It iy possible. that by the combined attack
‘of imiproved hurnan ‘géneties’ ‘and the development of riore

'sophzstmated soeial” selences and psychology we ‘may fome-

day be able to empty our med’icme ‘cabinets, Howéver this
may be, We carnl imagineg the grave pohtlcal consequences, ‘even
sho 1d. thesel ‘psychot! erapeutlc drugs be
used “as’ psychoc emical “weapons fox. . ahd ‘eontrol.
Since self-control is” essential ~for nd " resistancs,
peaceful Gandhign methods could. be renderéd. ineffactnal by

“mood-altering drugs; it Such a mghtmare exigtence, brain.

washing' might bécomie a speclalty -of chemists.”.

We need not acce[pt the probabﬂlty of ‘sucl treme pre-
dictions eoncerning our future to realize that by, the. most
conservative éstimated profound social and economic changes
are in progress through the impact. ‘of science, - There ¢an be
no doubt that the kinds of jobs pesple will be doinig in the
Tuture will be very. differént from thdse being performied by
ithe ajority of us ‘today. Tndéed theré has alreddy: been a
‘the number. of . JObS ‘based on _providing
servites and e ation—a” trend that ig eertain to be magni-
fied with further ineréases in national productlwty ‘and the
accompanying increasé of leisure time. .

The most remarkahle testlmony to the. unsmkable buoyancy
and optimism of  mankind is that.over. the  centuries, with
possibilities and problems of this magnitude faeing him, man
has. nevertheless, begun to foel restless ‘within the. confines
of his local planet and has sent spacecraft with their human
cargo beyond the atmosphere.. We have now mustered and co-
ordinated the ‘massive resources ‘of -our  whole ‘technology in
an eéffort: to reach our nicon and ulfimately the neighboring
plariets-‘of - our solar‘system: The horizons of human vision
have shifted’ fromi- a “horizontal 't a vertieal ‘orientstion.
More and more often 25 we' think - of “the future;- dur gaze
tur;ns toward the 1mmense reglons of outer space

IS SCIENCE ORGANIZED"

Agamst th:s background of the mlpact of ‘seienes on our
future perhaps we aré ready now to. corsider the ‘question—
how well afe we equipped‘as a nation to enter upon this new
age of Science, the Third Revolution? There is at thig point,
T think, no “question but’ that- we" must face the: problems
of “our -time -ard ‘must assume ‘the- résponsibilities- that our
new knowledge ‘snd technology are- forcing upon us -ever
more urgently. 'Bifore we become too -dcholarly - about’ the
quéstion; however,-1 must’ say that-some have mansged to
fook atthe Nghter side of our- srtuetlon ~Arfew of the'more
irreverent individuals, -scientists I suspect, have compared
our mighagement of science policy in recent ‘years to a ship
with -athousand lealms' all”connected ' to -onie ‘rudder with
rubber ‘bands. Another-of thése whinisical images would
have: Federal seience and: ity:leéaders -as a' colony of-ants
riding a rolling, tossing log down a flooded stream.  As
each new. twist of the log brings a different bunch 6f ants
out of the water and on top of the log, the ants then able
to see daylight proclaim to the others that they have the
i}lfuatl%n Iwell in hand and know exactl‘y wh:ch Way to steer

e vehicle

As to where we presently stand wrth respect to a.“natlonai
policy toward science, there is.no’better-way of gaining a
pergpective than to review briefly the genesis of seience: in
our government. The growth of ‘our national policy, affecting
science and our programs for furthering thig poliey have been
the resultant of many forces and events over the span of our
history. Looking at the course its development has followed,
some have described” the evoshution of ournational policy as
the product of a struggle between factions aiming at unnified
control-—those tending toward 2 monolithic system——and op-
posing forees striving to preserve pluralism.

One of the earliest visions of a national science, the na-
tional university as envisaged by Thomas Jefferzon, Benja.mm
Rush and Joel Barlow, would bave been both centralized and
comprehensive--ineluding many functions now performed not
by universities but by research organizations within the gov-
ernment. But like Adams’ dream of a national academy to
restrict and regulate the vagaries of the American language,
this plan eame to naught. What has happened since bears
some resemblance to a slow-motion ants-on-the-log situation.
Beginning with the establishment of the Coast Survey in

(Continued on Pages 4-6)
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1843, the history of Federal science except for periods of
¢risis has been mainly the rige of ‘a'single agency predom-
inant-in ‘one field of seience, its longer or-shorter period of
dominance, ‘and the relmqmshment of  its' dominant position
in the end-to another agency born-into:the glamorous aura of
ancther emerging field. A. Hunter Dupree says of the Geo-
loglcal Survey -which succeeded the Coast. Burvey that' it
“gained its hegemony by creatively joining' a live and de-
veloping science to the expansions of 2 nation’s horizons in
the great basin and :Colorado plateau,” that it was “still
there when most people had ceased to.get a thrill out of the
problems of the trans-Missiseippi 'West,-and it was still there
when the need for uranium ore brought prospecting: on its
classic- ground back info fashion.” In. the line of further
succession we ‘would -include the Forest Service of the Pro-
gressive. Fra and later the Devpartment of Agrieulture,
© With ‘the continuing ‘erisis of recent years, the picture
in terms of dominance-has becorie a bit confused. The De-
partment of Defense has unquestionably been the dominant

agency. from ‘the standpoint’ of expendltures and “perhaps

even i the multiplicity of its interests.” But ‘it was: the
Atomice Energy Commission that captured and held the na-
tional imagination until the post-Sputmk era when the
National Aeronautics and Space Administration quickly be-
came the focus of all eyes. I would say that both AEC and
NASA “eontinue to engage us in our ‘dreams of a“better
future. During these same years the National Inshtutes of
Health (NIH) has entered the galaxy of dominant agencies,
both in" terms of funding and the scope of its programs.
Lesser in budgetary stature but of growing significance,
eS'pec:aIly in its influence on the future of basic research
1s the National Science Foundation.

. SCIENCE IN WORLD WAR II . :

Nothmg in this Mne of development, however, gpeaks of
the events which have from time to time pushed us harder in
the direction of a unitary national poliey. for seience, for
none of these agencies aspired to leadership over the whole
of American science. The nearest approach in our history to
completely centralized Federal science came during. World
War II with the establishment of the Office of -Scientific. Re-
search and Development. It was both a predominant agency
and . a-central scientific organization. It had a. straight line
organization within the government culminating in its direc-
tor, Vannevar Bush., The director had an immediate access
to the President and a relationship to Congress that resulted
in hardly any limitation on money or on the timing of actions.
In this great emergency, the Director and his associates
worked closely with the military but could proceed, if they
chose to do 80, on_ their own. initiative. They brought into
the service of the governmeut an array of laboratories: un-
dreamed of earlier by using contractural. relationships: to
exploit existing resources in the universities. When one
part. of the job proved to, be. beyond the scale of other
endeavors—I am speaking of the wartime nuclear programe-.-
they showed great administrative adaptabilify in assigning
it as the Manhattan Project to the Army Engineers. The
mest remarkable aspect of the:whole arrangement, however;
was the assumption that when the emergency was over the
OSRD would be dissolved. Implementation of this was hke
no other decision in all American political history, - .

The decision was made in good faith, and- pIurahsm agaln
was dominant in the American scientifie community. How-
ever, the complete doniinance ‘of pluralism and the complete
absence of any. unified direction by the Federal government
was to ldst only a short time.. Already, as I have: shown,
some few had recognized that our: country was caught up in
the beginnings.of a Third Revolution in'science: at-the -same
time that we found ourselves becoming engaged in 3 scien-
tific.and technological strugple with the East. We began to
Tecognize the importance of expanded seientific and-engineer-
ing . efforts -on our economiec growth and ‘soeial “well-being.
As these realizations dawmned, they -motivated large-scale
Federal support for research‘_‘and development. ‘Equally im-
portant,- they brought about -a:somewhat more unified ap-
proach to the formulation and execution of a national policy
for science and. technology. The effect of Sputnik in October
1957 ingured that there would be recognition and some guid-
ance of this major aspect at the highest levels—the President
and the Congress—to meet the challenge to both our national
security and our international prestige. In @ less conscious
but perhaps no less effective way, we thus began to meet
also. the more fundamental challenge of the Third Revolution.

Asin other times of crisis, the nation responded effectively
and with impressive accomplishments. The history of the past

year or twe, I believe, reflects the result of this response in
some lessening -of international tensions. We have been given
time to pause, the time to: think at leagt briefiy, and to re-

_flect on what our future course should be. And as we have

almost invariably done-in like situations of the past; we have
stopped to examine more closely our national pocketbook.

We: dlscovered of course, that the national expenditures
for seience and technology had mounted on a super-planetary
trajectory with no sign of deceleration.” We found that over
the period of years from 1956 to 1964 the expense of Fed-
erally-sponsored research and development had grown from
about $8 billion to $16 billion annually—or expressed in terms
of percentage of grogs hational product, an incredse from
a little over one-and-ome-half per cent to nearly ihiree per
cent. To put this more concretely, our presént rate of Fed-
eral .expenditure amounts ‘to hearly $100 for every man,
Wordian and child-in the' United States. For & family of four;
this ‘is equivalent to'a new color televicion or-one or:two
major appliances for thé homie each year, If our research
and dévelopment expenditures were to continue to grow &t the
presetit rate, ‘we could expect them fo-nearly equal the gross
national product at the turn of the century in the year £2000.

Conmdered thus, the absurdlty of such a prOJecnon becomes
apparent. Jt is equally absurd fo extrapolate the present rate
of growth of Federal research and development expenditures
and. to. determine thereby:that such expenditures would be
equal to the total of all: government spending by the late
1970’s. Obviously, there must be .a limit. Even - though
our economy continues to grow at a substantial rafe, we can
reasonably expect that the proportion of our gross natlonal
product invested in science must taper off at some point in its
expansion.  We have already reached a position of having to
make some hard choices and we are begmmng to make therm,

'PROBLEMS OF DIRECTION

Thus while our system of modifiéd pluralism with all of its
imperfections has worked remarkably well during 2 number
of erucial years in our nation’s history, we have come to a
point-at which we must grapple with basic issues, questions
both as to the management and the support of Federsl. sciemce. .
The degree of our preparedness as a people to meet the new .
challenge of .the Third Revolution. can be: messured by our
ablhty to cope with these issues of the management. of
science in a democracy. For this reason I want to consider
with you the pattern of the problems we are now contending
with, They are not problems of the kind that one man, how-
ever capable, or one committee, however distinguished  its
membersh1p, can hope to solve in the span of a few days or
months. "I present these questions rather so that we. may
consider the shape of our future as-it may be implied in our
present national situation in science. They -are questions
that are sure to be with ug in one guise. or another for many
years to come..

T have called the na.tlonal program of science &8 1t is pres-
ently operating a form of modified pluralism. Dr, Donald

Hornig, recently appointed Seience Adviser. tothe Preai-
dent, expressed the matter very ‘well the ‘other:day in his
appearance before the Joint Committee on-Atomic Energy:
He made a general observation concerning the use of the
words. “science pohcy” in connection with national planning
and programming. Dr. Hornig said, “It is obvious that no
simple broad policy declaration can meamng:fully guide the
planning of science programs, . There are in fact many na-
tional science policies demgned fo: Batlsfy a number of ne~
tional -objectives.”

By’ virtue -of his position as" the Presudent’s Science - Ad—
viser, no one is better able to appreciate the nature and
probiems - of our system ‘of modified pluralism than  Dr.
Hornig, The view from where he sits encompasses some half
dozen. Federal Agencies—the National Seience Foundation,
the Departmemt of  Defense, the National Aeronauticg. and
Space "Administration, the Nationa! Institutes. of ~Health,
the Office of Education; and the Atomic Energy Commission
~—all -supporting programs of broad scope with mountmg
budgets-and muititudes of projects competing -for growing
space in the finaneial sunlight of Federal support. In his
efforts to help -coordinate this diverse array of Federal -
programs, the Science Adviser musf wear geveral hats. Pri-
marily, of course, he advises the Pregident on scientific
questions of national importance; including their budgetary
aspects.- But in order to:pull together the wvariety of data
and-considerations that support such: advice, the President’s
Scientific - Adviser is also Director of the Office of Science
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and Technology which provides him with staff assistance and
a headquarters. He also serves as .Chairman of the Presi-
dent’s Science . Advisory. Committee, which represents the
. scientific community, especially the universities, and as Chair-
man of the Federal Council of Science and Technology with
its . representatives .from. all the scientific agencles of the
Government, This patiern, which evolved out of the appoint-
ment of Dr. James R. Killiah in November 1957 ag Special
Assistant to the President for geience, has obviously been an
influence working toward the better coordmatmn of our
national goals in science.

There contimue to be stubborn difficulties, however, even in
this arrangement which represents considerable progress.
I believe we may with continued thought and consideration
be able to achieve a more nearly optimum balance between
unity and pluralism. For éxample, much of the present co-
ordination of the science program is accomplished through
ad hoc panels, and. though there may be good reason for

continuing to employ this approach in many phases of our

activities, there iz alss danger in the lack of continnity and

the possibility of failure to achieve an adequate mtegrahon
of -programs from a national standpomt We should . give
serious thought to ways of improving our management of
science by the Executwe Branch of ‘Government.-

NEEDS OF CONGRESS

AL 'l.-ﬂe pleheﬂb .I.UJ.HJ. UJ. plulh}.l.blu wu.uxu UH.U AduACCULIYE
Branch impresses us as needing further improvement, the
Legislative Braneh of our Government, the Congress, is at
Ieast up to this point even less adequately equipped to regard
science from the viewpoint of an overall national poliey.
This is not to say there has been no encouraging progress
during recent years. The Joint Committee on Atomic Energy
has for some tlme 'Worked ciosely with the Afomic Energy
Commission, both in reviewing program accomplishments and
in developing needed legislation. The House Science and
Astronantics Committee and Senate Committee on Aero-
nautical and Space Sciences have performed a similar func-
tion in commection with NASA  programs and have lately
begun to review broader questions. Perhaps the most-encour-
aging of recent developments, however, has been the work
undertaken by the Elliott Select Committee in its efforts to
develop a eomprehensive view of the whole range of national
science programs, -

It is plain that Congress is becoming sensitive to ‘the need
for a more inclugive and better informed view of science,

but, though a number of proposzls have been made to ac-

complish this by providing legislators with full-time seience
advisors, so far these efforts have met with little enthusiasm,
One bill recently introduced calls for the establishment of a
panel of three science advisors for the House and a similar
staff for the Senate. Another would create a Congressional
Office of” Sclence and Technology pattemed after the Presi-
dent’s scientific office. As things now stand, whatever co-
ordination exists is mostly of an informal kind among the
various committees of the House and Senate, and the :advice
received ‘by. Congress is either a gemeral variety from wit-
nesses called before committees or else it stems from advice
generated within the Executive Branch.

Thus we may conclude with regard to our present arran.«ze—
ments for the management of national science programs that,
despite welcome progress, we may yet have a considerable
distance to go before the desired balance between pluralism
and a more nearly integrated viewpoint can be achieved.
Though cur ¢urrent practices have the pluralistic advantage
of great flexibility, we continue as a nation to be plagued

'h-tr a ?nvqu-n'ni- mvonia ag i'n onr lone-farm national enals

ersistent myopia as to our long-ferm national goals
in science. .

As we now turn to examine a number of very thorny ques-
tions concerned with the financial support of science by Gov-
ernment, the perspective shifts in some degree toward a
distribution of problems occupying a foreshortened time scale.
In talking of financial questions I believe we would do-well
to think in terms of strains fo oceur during the next few
vears. I make this.cbservation because it seems to me that
the next several yvears will witness economic and technologi-
cal readjustments tending to ease the present financial strains

: *mposed by secience, readjustments brought about largely by
2 gaing acerned through further scientific and technological
-.qevelopments We nevertheless have this period of stress
to be weathéred, and during this period our major decisions
will be concerned with the wise parceling out of available
funds among competing programs. We must decide what
programs to emphasize and—since emphasis i3 unquestion-
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ably translated into terms of financial support—with what
degree of financial support we shall emphasize them.

We need especially in our present situation to develop
effective and rational criteria for assigning priorities. - Some-
one, for example, will. have to make decisions between the
competmg' c1a1ms of Blg Sclence and little sclence. Would
we do well to give greater heed to u:é' support of the inde-
pendent university investigator whose other job besides re-
search is to train the next generation of scientists and engz-
neers, or is it better to keep a few great centers growing
at the rate of 15% a year? ‘We will need to apportion funds
among the different fields; weigh the relative merits of spend-
ing for research, for fa.cilities, and for the improvement of
teaching; and decide how much is justified for high-energy
physics, for oeeanography, for radic astronomy, and for other
areas of work in which the costs. for basic facilities are high.
If we cannot afford to advance each major field at .the opti-
mum_pace, should we stress the biologieal sciences and let
the physical sciences lag or vice versa?

The time has passed when every competent scientist can
have all the money he wants for any reasonabiy worthwhile
project. The tine has also passed when we can expect that
very large and costly projects will' be financislly under-
written by the Executive and Congress without having the
support of ‘a consensus of the scientists working in the fields
for which the projects are intended. The means by which
such consensus is established may in the ‘end have some in-
fluence on the functmns and respons1b111t1es of our scientific
advisory structure in the Federal Government. Perhaps we
have not yet arrived at the best means of obtaining an ob-
Jjective consensus from any segment of the scientific com-
munity, if such a consensus can in fact be reached. Is there
a truly effective way to do this which will at the same time

asvnid partain nradictahla danoara o wra tn noca anme kin
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of measure weighted. according to the prestige of the people
voting ? - These are not frivial questions for a society whoge
future is so greatly predlcated upon the future of its ad—
vancement in science.

It is important also, at this transitional point in the- de-
velopment of our technologma,l Soclety, that We preserve
cxeany lI!. our mmus 'EI].e 01551110131011 :Jel;ween DEI.SIC saem;mc
research and applied research and development. I say at this
transitional point for the reason that it is a point marked
by budgetary problems and we need to keep in'mind that the
great bulk of our $15 billion or miore in Federal expenditures
for sciepce is spent on applied research and development;
especially development. I think it is fair to say ‘that up to
the present time the great maJonty of our citizens, including
many of those most infliential in government, have been able
to justify expenditures for basic research only by keeping
somewhere in the back of their thinking that the money spent
would be retwmed many-fold in the form of useful applica-
tions. In almost every case this expectation is realized. The
results of basic research are the raw material for the prac-
tical applications which now follow so swiftly. But as a
people we should be beginning to learn what scientists have
felt from the beginning, that new knowledge is vital even if
its only purpose is to extend the boundaries of reality, to
give us new insights into the circumstances that surround
our lives. Basic research is the lifeblood of our time. ‘We
cannot neglect it, absolutely or relatively, w1ﬂ1n11d- danger

CAIIIINL fERICCLE 2 JARURLRLY O I2ialavely SO LRLGE

of retrogressmn
THE NEED FOR EXCELLENCE

* In this same vein we must recogmze ‘that for our time and
the foreseeable future the encouragement of excellence merits
our sustained recogmtlon and support. The core of my own

nhilaaanhy An +this naint sninatdog with tha Qfafoarmand her t+ha
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President’s Science Advisory Commitfee on Seientific Prog-
ress, the Universities and the Federal Government issued
in November 1960, In this report the Panel states: “In
science, the excellent is not just better than the. ordinary;
it is almost all that matters. It is therefore fundamental
that this country should energetically sustain and strongly
reinforce first-rate work where it now exists.” The report
states further that “It iz of equal importance to increase
support for rising centers of excellence.” How are we to
accomplish this increasing support for rising centers of ex-
cellence in the face of our increasingly difficult budget situa-
ticn? The costs of excellence.can be very high, both for staff
and for the major items of equipment demanded by Big
Science. How do we prevent the competition for establishing
such new centers in the variocus regions of cur country from
degenerating info squabbles reminiscent of our saltier pioneer
political eras? How can we prevent a Science pork barrel?
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We must not let our national gupport of science and tech-
nology degenerate. to the point where no state—mno Congress-
sional district—is complete without a Post Office, a reclama-
tion project and a new science laboratory. This does not im-
ply a lack of merit in the considered geographical distribu-
tion of our scxentxﬁc expenditures. - Any_such program, how-
ever, shouid be both soundiy conceived and wisely admin-
istered if we are to build new centers of excellence in new
geographical areas without tearing down or undermining
other centers that have already achieved and sustained
‘excellence. We must manage somehow to provide for the
support of new centers and allocate the development of major
facilities ‘among them in such a way that we do not turn
our best scientists into migratory workers. We cannot afford
‘to have these men gravitating from one scientifie mecea to
another, dependent upon the ﬂuctuatmg whims of Federal
support.

If there are problems connected wﬂsh being too poor, there
are some who are now saying—though I have never person-
ally experienced this kind of discomfort—that there are
dangers accompanying extreme -affluénce. 1 refer by this
seeming paradox to the impact of our large Federal expendi-
tures for science upon the universities and industries which
receive them. Government expenditures make up about two-
thirds of the total amount of money spent in this country on
resesrch and development. ‘With thiz we may compare in-
dustry’s portion, amounting' to about 80%, and the 8% from
universities and other non-profit ingtitutions, the latter going
mostly for basie research, It should be abundantly clear that
Federal funds constitute a-large enough part of the total to
have a strongly felt nnpact on both the business and aca-
demm sectors.
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Expenenee shows that for the most part the impact of
these funds on the universities has been beneficial, They
have brought about a significant growth in science. They
have increased the number of students entering scientific
fields. They have been allotted in suck a-way as to foster a
elose involvement of basic research with graduate education.
This latter point is of especial importance because the direc-
tion and force of the Third Revolution will depend upon new
men and women, new scientists and engineers, new minds and
1de3s, :,nd these can come only from the rJSmg generations of
students.

There have also, unfortunately, been drawbacks assoc:ated
with Federal support of science in the universities,” Becausge
of the influx of Government funds, some universities may tend
to become one-sided in their emphasis on seience. The human-
ities may be neglected. In other schools, professors may find
themselves burdened with administrative duties which pre-
empt the time they would otherwise be able to devote to
teaching. An extreme complaint occasionally heard is that a
professorship may be awarded not because of an individual’s
scientific and educational merits, but rather because of his
ability to obtain Federal support for the university’s re<
search programs.

While - Government ‘money does not - necassarily subvert
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‘university freedoms, alfer its structure of professional rela-

tionships, or distort the patterns of emphasis placed on dif-
ferent fields of study, hazards are certainly present. The

Government, must bear these things in mind. But an im--
portant task of the universities is to assure that their own

standards of excellence ‘and freedom are_ mamtamed in.a

.penou of gromng‘ connecr.lon with the Federal Government.

The universities have an obligation—which they are generally
not at all hegitant to exereise—to keep Government actions
and methods reasonable and proper,

In the private sector there are problems of a similar
nature. Much of the $15 billion of research and development
funds spent by the Federal Government is placed in the hands
of industrial contractors performing the many-faceted re-
search and development tasks this nation pursues. This
results from the fact that a major part of the total Federal
funds are for ‘developmental efforts—hardware -and ‘engi-
neering.

In industry the one-sidedness of Federal expenditure has
had a noticeable- effect. The" ¢ivillan ‘technologies supported
iargely or solely by the private sector have suffered in com-
parison with those which depend on thé growing and thriving
fields of scietice of interest to' the Government, such as aero-
space. Young science and engineering: g'ra.duates are natur-
ally. enough attracted to the newer; and-more: glamorous,

fields of endeavor. We can-imagine them agking'the question,

“Why 1mprove the family refrigetrator when you can play a
role in man’s giiest for the stars?” -

Nevertheless, the scientific and engineéring problems spon~
sored by the Government primarily for the military and space
programs also may have benefits- for the general industrial
technology. “Spin off” and “scientific fallout” are the terms
often used to remind us that ideas, processes.and inventions
deveioped in one program can greatly mnuence new: uevelop-
ments in. other fields.:

As in the case of the umvers1t1es, the more: mdlrect rela-
tionships_between Government and’ industry are also beset
with: problems snd questions. The unigue patent. position
held by the : Government as a.result: of its massive support
of science is an area of recurring problems. Where the Gov-

ernment. supports the work, the Government understandably -

also often retaing patent nghts to the inventions resulting
from this work. With the continuation of large-scale Federal
involvement, one can: see the possibility that the Government
would eventually come. to-hold a singular and somewhat
monopolistic - position. There are complexities ‘enough. here
to challenge our best legal talent in industry and Govern-
ment for a long.time to come. :

- 'What is dpparent in looking at Governmen‘s—umversxty and
Government-industry relationships. is that over a :period of
many years, a period that began with the widespread opera-
tion of the Office of Scientific Research and. Development
during . World War II, a: generally fruitful and. beneficial
pattern has evolved. This flexible  and -somewhat ingenjous
interpenetration of Government, industry and -the academic
world' is a distinetively - American invention which has cut
several Gordian knots in the pasgt and will continue to make
worthwhlle conrtnbutmns to our way of Iife. . ..
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