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VIEWS ON SCIENCE POLICY OF THE 1983 U.S.
NOBEL LAUREATES IN SCIENCE

THURSDAY, MARCH 8, 1984

HOUSE OF REPRESENTATIVES,
COMMITTEE ON SCIENCE AND TECHNOLOGY,

Washington, DC
The committee met, pursuant to notice, at 10 a.m., in room 2318,

Rayburn House Office Building, Hon. Don Fuqua (chairman of the
committee) presiding.

Present: Representatives Fuqua, Winn, Walker, Oainger, Sensen-
brenner, Gregg, McGrath, Walgren, Skeen, Gore, Volkmer, Bate-
man, BoehlerriiicCandless, Lewis, Dymally, Valentine, Reid, and
Boucher.

Staff present: Harold P. Hanson, executive director; John Holm-
feld, science policy staff; David S. Jeffrey, minority staff director;
and Dave Clement, minority counsel.

M, FUQUA. Th ? committee will be in order.
It is both a pleasure and honor to again have these hearings with

the Nobel laureates in science. This is our sixth annual hearing
with the Nobel laureates in science. In the past years we have,
with one exception, only been able to have the American laureates
come before the committee.

This year, however, for the first time since 1976 all the laureates
are Americans and we are especially pleased that all but one of
these distinguished U.S. scientists can be with us today.

The fact that sine. 1955 American scientists have been strongly
represented among the science laureates is, I believe, testimony to
the strength of America's science in general. It suggests that the
system of Federal support for science which we have evolved in
this country following World War II is basically sound.

That basic strength does not mean that there is no room for im-
provement and for adjustment to emerging conditions ape! circum-
stances. We have therefore invited our witnesses today to give us
the benefit of their views about the current state of American sci-
ence and our Government science policy.

We hive asked you to discuss one or more aspects ofjhose issues
which ;n your view should be brought to our attention, ollowing
your comments, members of the committee will probably have
some questions that we will ask you to respond to, if you so choose.

We want to welcome you here today and thank you for taking
time from your busy schedules to join us in this consideration of
the state of American science.
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I would like at this time to recognize the distinguished gentle-
man from Kansas, Mr. Winn, who is the ranking Republican on
the committee, for any comments that he wishes to make.

Mr. WINN. Thank you, Mr. Chairman.
I appreciate the opportunity to join you in welcoming our distin-

guished guests today. The awarding of Nobel Prizes in Science to
AMerican citizens has become such a common event that many.
people are not even aware that this distinct honor can be bestowed
on citizens of any nation of the world.

While each of us is certainly aware that your individual, tremen-
dous achievements in science overreach national boundaries, at the
same time, we cannot help but be proud as American citizens. And
as a Member of Congress and a member of the prime committee for
the authorizing of Federal funds and Federal support for science
research and development, I believe each of us here takes pride in
the fact that each of you is an affirmation of the success of our ef-
forts to create the proper climate nationally for the continuation of
fruitful scientific endeavors.

I would be remiss if I did not take this opportunity to mention
briefly a topic that is probably foremost on the minds of the Mem-
bers of Congress these days. That topic is the size of the Federal
deficit.

As I hope you all are awareand I know you arewe &re look-
ing at a national deficit for the fiscal year 1985 somewhere in the
range of $180 to $200 billion. Faced with these kinds of frightening
figures. Members of Congress have to be extremely prudent when
it comes to authorizing or appropriating money for either new or
existing programs.

Certainly, in ideal world the members of this committee
would like to see a great deal more money spent in fostering scien-
tific research and development. Unfortunately, in this real world
that cannot be the case.

It thus becomes the difficult job of this committee to set prior-
ities for Federal support of science. We would certainly appreciate
any words of advice that each of you could give to the committee
on the problem of setting priorities in science from your perspec-
tive in the scientific community.

Mr. Chairman, as in years past. it has always been a great honor
to have such distinguished scientists appear before us as witnesses
and guests, and I look forward with e great deal of interest to their
testimony.

Thank you, Mr. Chairman.
Mr. FUQUA. Thank you, Mr. Winn.
We are pleased to have as our guest today the 1983 Laureate, Dr.

Gerard D.,breu, a Laureate in Economics from the University of
California at Berkeley; Dr. William A. Fowler, a Laureate in Phys-
ics from the California Institute of Technology; Dr. Barbara
McClintock, a Laureate in Medicine and Physiology from Cold
Spring Harbor Laboratory, Long Island, and Dr. Henry Taube, a
Laureate in Chemistry from Stanford University,

Dr. Debreu, we will be pleased to hear from you. I know some of
you have prepared statements, others may not. But we would be
pleased to hear from you and we will go down the line. If the

6
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panelthe distinguished panel, I should say-:-wishes to make any
comments, and at the end there may be other comments.

Dr. Debreu, we will be pleased to hear from you at this time.
[The biographical sketch of Dr. Debreu follows:]

Ned T23F4



4

6100 RAPHY OF GERARD PEBREU

Born in Calais (France) July 4, 1921

Ecole Normale Superieure, Paris (France) 1941-44

French Ariiy (North Africa - Germany) 1944-45

Agrege de l'Universite, Paris (France) 1946

Research Associate of the Centre National de la
Recherche Scientifique, Paris (France) 1946-48

Rockefeller Fellow (U.S.A.-Sweden-Norway) 1948-50

Research Associate of the Cowles Commission for
Research in Economics, University of Chicago 1950-55

D.Sc., Universite de Paris (France) 1956

Associate Professor of Economics, Cowles
Youndat'_on for Research in Economics,

YEle University

Frofessor of Economics,(and Mathematics
since July 1975)/ University of
California. B!x<eley

1955-61

January 1962-

President of the Econometric Society 1971

Yellow of the American Academy of Arts
and Sciences 1970-

)'. S. Citizen July 1975

Chevalier de la Legion d'Honneur July 1976

Jr. rer. pol. h.c., University of Bonn April 1977

Member of the National Academy of Sciences

of the U.S.A. 1977,

Docteur en Sciences Economiques h.c.,
Universite de Lausanne October 1980

Doctor of Science h.c., Northwestern University June 1981

Distinguished Fellow of the American
Economic Association 1982

Doc teur h.c. de l'Univer,,ite des Sciences

Sociales de Toulouse June 1983

Nobel Memorial Prize in Economic Sciences 1981s
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'.14IS YEAR'S ECONOMICS PRIZE IS AWARDED,FOR RESEARCH ON MARKET
LQUILIHRTUM

The Royal Swidaah Academy of
Sciences has decided to award
the 1983 Prize in Economic Sciences
in Memory of Alfred Nobel to
Professor Gerard Debreu, Univer-
sity of California, Hetleley, USA,
for having incorporated new
analytical methods into economic
theory and for his tigorous
reformulation of the theory of
general equilibrium.

General market equilibrium

This year's Prize is awarded for penetrating basic research
work in one of the most central fields of economic science, the

theory of general equilibrium.

In a decentralized market system, individual consumers and
firms make decisions on the purchase and sale of goods and
services solely on the basis of self-interest Adam Smith had
already raised the question of how these decisions, apparently
independent of one another, are coordinated and result in a
situation whereby sellers usually find outlets for their planned
production, while consumer& real:ze tneir planned consumption.
Smith's answer was that, given price and wage flexibility, price
systems automatically bring about the desired coordination of
individual plans. Towards the end of ti.e 19th century, Loon
Walras formulated this idea in matl-,ematical tares as a system of
equations to represent consumers' de-and for gOods and services,
producers' supply of these same :oohs and services and their
demand for factors of production, and eq.ality between supply,
and demand, i.e. equilibrium in ,aui market. But it wag not
unti2 long afterward that this s:ste of equations was scru-
tinized to ascertain whether it red an economically meaningful
solution, i.o. whether this the'7...reti,:al structure of vital
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importance fur undeietandiag the market syetem was logically
consistent.

r.

Gard idebreu's major achievement is his work in proving the
existence of equilibrium-creeting prices. His first fundamental
contribution came in the early 1950s, in colleporation with
Professor Kenneth Arrow. Arrow received thej.,977 Prize in
Economic Sciences in Memory of Alfred Nobel- for his work in
-this' and other adjacent fields.

Arrow and 'Debreu designed a mathematical model of a market
economy where different-producers planned theii output of goods
and services and thus also their demand-forfactors of production
in such a way that their profit was maximized. Thus connections
were generated within the model between.the supply of goods and
demand for factors of production on the one hand and all prices
on the other. By making additional assumptions about consumer
behaviour Arrdv and Debreu were able to generate demand functions
or "correspondences", 1,et relal.ions between prices and supplied
and demanded quantities. In this model Arrow and Debreu managed
tg prove the existence of equilibrium prices, i.e. they confirmed
the internal logi,pal consistency of Smith's and-Walras' model
of the market ec4ndmy.

Subsequent to these pioneering efforts, there has been consider-
able development and extensions cf,such proofs with-Gerard Dehreu
at the forefront. His book "Theory of Value" from the late 1950a
has already become a classic both for its universality and for
its elegant analytical approach. The theory developed in this
study lends itself to many far-reaching itterpretations and
applications. The concept of "goods", for instance, is defined
so broadly that the theory may be used in pure static equilibrium
analysis, the analysis of the spatial distribution of production
and consumption activities, intertemporal analysis and the
analysis of uncertainty. Thus, within the sere modelsDebreu's
general equilibrium theory intergrates the theory of location,
thu theory of capital, and the theory of economic behaviour under
uneert3inty.

Efficient resource utili/.ati:,n

An essential issue is related to the market economy and
wh.ch can aso be traced back to iVieM Smith concerns the
normative properties of the mar-et.ellocatich of resources. Will
the fulfillment of slf-interest throu,:?-. the "invisible hand"
of-"the market mechanism lead to efficient utilization of scarce
resources in society? Will the resources be used and production
adapted so as to result in a s-t,;atien wt.ere any attempt to
make one individual bettiir off nacesFari:y means taking away
from other individuals, i.e. a c,tuation without any waste
wt.atsoeycr? It 1,es long been kno'.n that in certain circumstance?
market price formation has s4c- p:,,pert.,es, but the
exact natter(' and fall extent of tr.& condit'.ons wr.ich must be
satisfied in order to guarantee t'lem had nor been determined.
Through the work of Debreu end r.is successors, these condition
have been clarified and anal:sce in detail.

LNIAJIAVA Y44918341
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The idea of the market economy also concerns stabilty of
Aninteresting-propsirry of stability involves the

question of wnether it would be prefitan4 for anyttgrfup of
market agents to withdraw completely fret the market ecOniomy

so as to ensure, irigiepandnntly, 'inprovemett of the agentsown
economic popition. pebreu has made enduring contributions, in
this !Iola, especially Rio a :joint article from the early 1960s
with Heil'ert 'ScaYf, and through subsect.ent major accomplish-
ments. He has shown that vi very large economies (i.e. with
numerous market agents) it will nct be prcfItosblb for any

group to ('ease tradihg in the maree:.s. Herce in this respect
the market equilibrium will be stable.

Debi4e has also made significant contributions to i he theory

or consumer behaviour. He has indicated possibl/repretentatiops
of consumer preferences in terms of so-called utility fuactions,
and has also studied the feaslb:lity of consistently aggrelating

r

individual demand functions over 7reeps of Individuals.
A

Debreu's influence
foremost contribution is perhaps of emote indirect

nowever. His clarity, analytical stringency and in-
l'istenve on always making a cleat-cf.: .:iFtinct'on between a

themr" and its interpretation ha. ,'e had J prcfound and unsur-
pat:so!i effect on the choice of relauds and analytic-4 techniques
le economes.

Gerard Letiteu

Born in Calaiq, France, on 4
Became citizen of !ISA in 1175
D'Ichoreite at the University ?a ::,. 795E.,

Professor of Economic`, Ur.ive*s-ty .2alifcrnia, Berkeley, 1962

Professor of Ma.thematLas, Uni-rrsr- Cc,lifordia, Berkeley; 1975

Address

ler:trd Dot-00
12(%)nomLos

Univers.ty el (7ilifornil
Berkeley, 4 .;720

USA
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STATEMENT OF UK. GERARD DEBREU, 1983 LAUREATE IN ECO-
NOMICS, AND PROFESSOR OF ECONOMICS AND OF MATHEMAT-
ICS, UNIVERSITY OFTALIFOHNAA, BERKELEY, CA
Dr. DEBREU. Thank you, Mr. Chairman.
American scientists were given a special accolade in 1983 when

five of them received every Nobel Award in the fields of physics,
chemistry, physiology, medicine, and economics.

Only three times before, in 1946, 1968, and 1976, were all the sci-
ence prizes awarded to the United States. Our appearance before
your committee, therefore, marks an exceptional occasion which is
made more exceptional still by the presence among us of one of the
seven women laureates in the 83-year history of the Nobel Science
Prizes. Another statistic further underscores the success of scientif-
ic research in this country. Out cf a total of 180 living science lau-
reat.es, lOa are American citizens. This record should permit us to
be objective when we check the health of our research establish-
ment.

The environment provided for scientific work by our universities,
private foundations, corporations, Government agencies, and espe-
cially the National Science Foundation, has been superb during the
greater part of the lust half century. I vividly recall the deep im-
pression that it made on me at the time I discovered it in 1949 as a
Rockefeller fellow making a 1-year visit to the Unites States, and
especially after June 1, 1950, when I became a research associate of
the Cowles Commission for Research in Economics at the Universi-
ty of Chicago. In the summer of 1955 I moved to Yale University
with the Cowles group, and in 1962 1 joined the University of Cali-
fornia at Berkeley where I am presently a professor of economics
and of mathematics.

The three gi eat universities with which I have been associated
during the past 34 years provided a nearly perfect setting for the
research I have wanted to do. Moreover, during the last two dec-
ades, the Economics Division of NSF has given me, more than any-
thing else, time for that research. To all these institutions I owe a
great debt. There is perhaps no more appropriate opportunity for
me to acknowledge it than that offered by this hes-. mg.

But it is precisely because that environment.has been so valuable
for me that I have become concerned about its preservation. Many
scientists have made statements to this committee about the sup-
port of fundamental research by the Federal Government. Since
the initiation of these special hearings, however, in 1979, only one
of the five new American Nobel laureates in economics testified,
and mathematics was never represented. Therefore I take it as my
particular responsibility to speak today about the two fields with
which I an associated.

The least perceptive observers of the influence of science on our
society are impressed by its spectecular manifestations, among
them the exploration of space, the harnessing of nuclear energy,
and the development of computer technology, But few of those ob-
servers fully understand how each one of those achievements nee-
ewrily rests on a sophisticated mathematical bas' . Beco 4b-
straction is of the essence in mathethiktifk,;k4iiiai etziKtot e-

12-
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maticiims to explain to nonscientists, sometimes even to scientists,
the results obtained in their field.

Moreover, th:. Unips ,. of a mathematical idea on other scientific
fields may be felt only after a significant time lag, and on techno-
logical realization after an even longer delay. The misperception of
the role of mathematics in our scientific culture has powerfully
contributed to an underestimation of its value and, indirectly, to its
underfunding.

Thus, from fiscal 1970 to fiscal 1982, tne support of NSF in con-
stant dollars increased by 241 percent in physics and by 43 percent
in chemistry. In the mathematical sciences it decreased by 2 per-
cent. The effects of this small decrease were magnified by the dras-
tic reduction in the support of basic research in mathematics by
the Department of Defense, beginning in the midsixties.

The consequences have been deeply felt in many ways through
the entire mathematical community of the United States. Mathe-
maticians in their most productive years have not been given the
research time that they need. An increasing number of exception-
ally gifted students of mathematics have turned to other activities.

However, after more than 13 years of level support by NSF
mathematics and of sharply decreased support by the Department
of Defense, the danger signals sent by mathematicians were per-
ceived in Washington. From fiscal 1982 to fiscal 1983 the constant
dollar support of the mathematical sciences by NSF increased by 5
percent. This was followed from fiscal 1983 to fiscal U`S4 by an 8-
percent increase that carried the support of the mathematical sci-
ences by NSF to $41.1i million.

Thus, the first steps have been taken to restore the momentum
of mathematical research in the United States. A full restoration of
that momentum will require a doubling of the 1984 level of sup -

-f port.
While mathematical sciences suffer because too few try to com-

prehend their accomplishments, economic sciences suffer because
too many readily believe that they can pass judgment on their per-
formance. The resulting misconceptions are great and widespread.
According to a narrow view, science must predict. Yet, the natural
sciences have great theories.that are nonpredictive. The theory of
evolution is one of them. Another is the history of the universe
that physicists are currently writing. Both the theory of evolution
and the history of the universe attempt to explain, as does a large
part of economic theory. When economists undertake to predict,
the imperfections of their forecasting are often judged without ref-
erence to the imperfect forecasting of meteorologists or to the im-
mense complexity of economic systems and to the numerous non-
economic s:.ocks to which they are subject.

The limitations on the scope of economic theory and the imper-
fections of economic forecasts have sometimes led to an agnostic
approach that consists of accumulating statistical data in the hope
that regularities will suggest themselves. That this methodology
has led to disappointments would not surprise the natural scien-
tists who tire guided by theoretical hypotheses in collecting their
data.

These, and other factors, have resulted in the dramatic decrease
in the constant dollar budget of the economics program of NSF by

13
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45 percent from fiscal 1979 tu fiscal 1982. The devastating 45-per-
cent cut that took place within that 3-year period was followed by a
further 2-percer.t cut from fiscal 1982 to fiscal 1983, and then by a
sudden 26-percent increase from fiscal 1983 to fiscal 1984, carrying
the NSF economics budget to $9.4 million. The 26-percent increase
exprience in 1 year indicates an abrupt reversal of the recent
trend. It must be followed by an increase illoothe order of 70 percent
in the support of the core subjects of economics to br'ng that sup-
port back to the level of fiscal 1978.

The field of mathematical economics, in which I have worked for
some 35 years and that I more specifically represent today, might
seem lo have been put in double jeopardy by the budgetary devel-
opments in mathematics and in economics that I have reviewed.

In fact, the impetus that it received in the forties has not yet
spent itself completely. It will, however, need reinforcement in the
near future. For that impetus a large share of the tribute must be
paid to the memory of one of the great scientists of our period.
John von Neumann at the same time made contributions of the
first magnitude to mathematics, to theoretical physics, to the devel-
opment of computers, and to economics. The last field occupied him
for several years of his research career. Ile appreciated its intellec-
tual challenges and overcame several of them. He would have been
an outstanding witness at a hearing of your committee similar to
the present.

John von Neumann was one of the many magnificent gifts that
Adolf Hitler made to the United States. This country deserved
those gifts and was able to receive them because of its open door
policy. The continued migration of scientists to the United States
following IN orld War II is reflected in the fact that at the present
time 30 of the 103 living American Nobel science laureates are for-
eign l ',rn. It should therefore also be a matter of concern for the
science policy of this country that its door is no longer so wide open
as before to scientists who wish to move to the United States.

Thank you for the privilege to address you.
(The prepared statement of Dr. Debreu follows:]

14
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Statement of Gerard Dubreu
Professor of Economics and of Mathematics,

University of California, Berkeley
before

The Committeeaon Science and Technology
U. S. Hamm of Representatives

Thursday, March 8, 1984

Mr. Chairman and Members of the Committee on Science and Technology,

American scientists were given a special accolade in 1983 when five of them

received every Nobel Award lik..the fields of Physics, Chemistry,

Physiology-or-Medicfne, and Economics. Only three times before (in 1946, 1963,

and 1970 were all the science Prizes awarded to the United States. Our ap-

pearance before your Committee therefore marks an exceptional occasion, which

is made more exceptional still by the presence among us of onc of the seven.

women Laureates in the 83-year history of the Nobel science Prizes. Another

statistic further underscores the success of scientific research in this country.

Out of a total of 180 living science Laureates, 103 are American citizens. This

record should permit us to be objective when we check the health of our re-

search extablishment.

The environment provided for scientific work by our universities, private

founaations, corporations, government agencies, and especially the National

Science Foundation, has been superb during the greater part of the last

half-century. And I vividly recall the deep impression that It made on me at the

time 1 discov.,red it in 1949 as a Rockefeller Fellow making a one-year visit to

the t tilted States, and especially after June 1, 1950, when 1 became a Research

Associate of the Cowles Commission for Research in Economics at the University

of Chicago. In the summer of 1955 I moved to Yale University with the Cowles
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group, and in 1962 I joined the University of California at Berkeley where I am

presently a professor of economics and of mathematics. The three great univer-

sities with which I have been associated during the past ail years provided a

nearly perfect setting for the research I have wanted to do. Moreover during

the last two decades, the Economics Divisbn of NSF has given me, more than

anything else, time for that research. To all these institutions I owe a great

debt. There is perhaps no more appropriate opportunity for me to acknowledge

it than that offered by this hearing.

But it is precisely because that environment has been so valuable for me that

I have become concerned about its preservation. Many scientists have made

statements to this Committee about the support of fundamental research by the

Federal Government, Since the initiation of these special hearings however in

1979, only one of the five new American Nobel Laureates in economics testified.

And mathematics was never represented. Therefore 1 taxe it as my particular

responsibility to speak today about the two fields with which I am associated.

The least perceptive observers of the influence of science on our society are

impressed by its spectacular manifestations, among them the exploration in

, the harnessing of nuclear energy, and he development of computer

technology. But few of those observers fully understand how each one of those

achievements necessarily rests on a sophisticated mathematical basis. Because

abstraction is of the essence in mathematics. it is difficult far mathematicians to

explain to non-scientists, somettiles even to scientists, the results obtained in

their field. Moreover the impact of a mathematical idea on other scientific

fields may be felt only after a significant time lag. and on technological realiza-

tions after an even longer delay. The mispeiception of the role of mathematics

in our scientific culture has powerfully contributed to an underestimation of its
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value, and indirectly to its underfutiing. Thus from Fiscal 1970 to Fiscal 1982

the support of NSF In constant dollars increased by 26% in Physics, and by 43%

in Chemistry. In the Mathematical Sciences It decreased by 2%. The effects of

this small decrease were magnified by the drastic reduction in the support of

basic research in mathematics by the Department of Defense, beginning in the

mid-sixties. The consequences have been,deeply felt in many ways through the

entire mathematical community of the United Sec !s. Mathematicians in their

most productive years have not been given the research time that they need.

An increasing number of exceptionally gifted students of matt.ematics have

turned to other activities. However after more than 13 years of level support

by NS Mathematics and of sh..ple decreased support by the Department of De-

fense, the c4Anger signals sent by mathematicians wemperceived in Washington.

From 111 cat 1982 to Fiscal 1983 the constant dollar support of the Mathematical

Sciences by NSI. increased by go. This was followed from Fiscal .983 to Fiscal

1984 by_aertr, inream, that carried the support of the Mathematical Sciences by

NSF to 41.8 million. Thus the first steps have been taken to restore the momen-

tum of mathematical research in the United Stet's. A full restoration of that

moment-nn will require a doubling of the 1984 level of support.

While mathematical sciences suffer because too few try to comprehend their

accomplishments, economic sciences suffer because too many readily believe that

they can pass judgment on their performance. The resulting misconceptions are

greek arid widespread. According to a narrow view, science must predict. Yet

the natural sciences have great theories that are non-predictive. The theory of

evolution is one of them. Another is the history of the universe that physicists ,

are currently writing. Both the theory of evolution arid the history of the uni-

s.erse attempt to eNplaini as does a large pare of economic theory. When econo-

mists undertake to pi edict, he imperfections of their forecasting are often

41-n57 o - ftCi - 3
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judged without retermice to the Imperfect forecasting of meteorologists or to the

immense complexity of economic systems and to the numerous non-economic

shocks to which they are subject. The limitations scispe of economic the-

ory and the imperfectiona of economic forecasts have sometimes led to an agnos-

tic approarh that consists of accumulating statistical detain the hope that

regularities will suggest themselves, That this methodology has led to disap-

pointments would not surprise the natural scientists who are guided by theore-

tical hypotheses in collecting their data. These, and other factors, have

resulted in the dramatic ilecrease In the constant dollar budget of the Economics

Program of NSF by 45O from Fiscal 1979 to Fiscal 1982. The devastating 4513 cut

that took place within that throe-year period was followed by a further 20 cut

from I IsL 1)112 to Fiscal 1983 and then by a sudden 26% increase from Fiscal

1983 to 1-iscal 1484 carrying the \SF-Economics budget to 9.4 million, The 280

increase esperienced in one year lodicates an abrupt reversal of the recent

trend It must be followed by an Increase on the order of 70% In the support of

the core subjects of economics to bring that support back to the level of Fiscal

1978

The field of mathematical economics, in which I have worked for some 35

years that t more specifically represent today, might seem to have been put

double jeopardy by the budgetary developments in mathematics and in et-o-

ne:Ma,: that I have reviewed. In fact the impetus that it received In the forties

has not yet spent itself completely. It however need reinforcement in the

near future, For that impetus a large share of the tribute must be paid to the

memory of one of the great scientists of our period. John von Neumann at the

same time Made contributions of the first magnitude to mathematics, to theore-

tical physics, to the development of computers, and to economics. The last field

occupied him for several years of his research career. He appreciated Its Intel-

LAVA Ycfja 23f4
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tut Nat rha1ionge, mid ,over. atm, sever.d of them. He would have been an out-

standing witness at a hearing of your Committee similar to the present.

John von Neuminn tw'ati one of the many magnificent gifts that Adolf Hitler

mach. to the United States. This ountry deserved those gifts and was able to

recetve thorn because of its upon-door polo.; . The continued migration of scien-

tists to the :'ratted States following World War 11 is reflected in the fact that at

the present tone 30 of the 103 living American Nobel science Laureates are for-

eign born. It should therefore also be a matter of concern for the Science Poli-

cy of this country that its cioor is no longer so wide open its before to scientists

who wish to move to the United States

Mr. FLIWA. Thank you very much, Dr. Debreu.
Dr. Fowler, we will be pleased to hear from you at this time.
[The biographical sketch of Dr. Fowler follows :]
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WELER, WILLIAM &MP, Institute Frofewsor of Physics, California institute

of Technology, 1565 San Pasqua! St., Pasadena calif. b. Aug. 9, 1911,

Pittsburgh, Ps. e. John McLeod (deceased) end Jennie Summers (Watson) lowler(deceed)

Lima, Ohio. a. As-diens Foy Olmsted of Pasadena, Calif., Asa. 24, 1940.

C. Mary Lally Fowler, Martha Summers Pewter Schoenemenn.

gducerion: Ltme Central Nigh School, 1929; Bachelor of Engineering Physics,

Ohio State Univ., 1933; Ph.D. in Physics, Calif. Unit. of Tech., 1936; Ph.D.

Dissertation: Radioactive Elements of Low Atomic Number.

Positions: California Institu.s of Technololy: Research Fellow in Nuclear

Physics, 1936-39; Asst. Prof. of Physics, 1939-L2; Assoc. Prof. of Physics,

1942-46; Prof. of Physics, 1946-70; Institute Professor of Physics. 1970 1962.
Institute Pressor of Physics, barites, 1992. Tulbright Lecturer, Cambridge

University, 1954-65; Gusgamheill Yellow, 1964-55, 1961-62. Numerous named

lectureships, American animists:tit** R colleges, 1957-

Affiliation':
American Physical Society 1938, President, 1976
National Academy of Sciences 1966, Council 1974-77
international Astronomical Union 1958
American Astronomical Society 1958
American Philosophical Society 1962
Cosmos Club 1965
Fellow, American Academy of Arts and Sciences 1965
Fellow, Royal Astronomical Society 1968, Associate 1975
ginja.,:in Franklin Pullow, Royal Society of Arts 1970
Nonorary Member, Mark Twain Society 1976
Astronomical Society of the Pacific 1979

Planetary Society (Founding Member) 1960-
Notional Association of Railroad Pessen!ere 196i-
Society for Scientific iigplsration (Founding Member) 141%2-

Member,:
Naval Assearch Advisory Committee (l.AC) 1962-70
Space Science Board (NAB) 1F0-71, 1977-8o
National Science Board (NSF) 1968 -74
Nuclear Science Advisory Committee oisrivol) 1977 -81, Chairman 1977-79

Visiting Committe* for NRAO 1977-19a1

Advisory Committee, Physics Division, NSF 1981-1984

Masher, Commission on Fliye. Sciencea Mathematics & Resources MAS/NAS/NRC 1981 -1984

Chairman, Office of Physical Sciences, AMPS NIS/NAE/NRC 1981-1982

Los Aleasos Advisory Committee On the National Underground Science Facility (NDSF)1982

Member, Penal on Public Affalr, APS & ocher Committee* APS/ATV 1981.

Awards:
Naval Ordnance Development Award, USX, 1946
Medal fur Merit, USA. 1948 (President Harry Truman)
Ohio State University Lanai Model 1952
Liege Medal, Universitd de Libile, 1565
California CoScientist of the Year 1958 (with M. Freenkel-Conret, Biochemist, Berkeley

Barnard Medal for Meritorious Service to Science for 1965, Columbia University

Apollo Achievement Award, NASA, I969
Tom V. Bonner Prize. American Physical Society. 19-0
C. anger Vctlesen Prize, Columbia niversity, 19-3
National Medal of Science, USA, 1974 President Gerald Ford)

Honorary Doctor of Selene'. University of Chicago.
Eddinston Medal, Royal Astronomical Society, London,
Honorary Doctor of Science. Otto State University. 19'3
Bruce Gotd Medal. Astronomical Society of the Pacific, 1979

Doctoral Honori Cause. University de Liege. 10.31

Doctorat Honorio Caws* Observatotre de Paris. 1",:.1 (Awz..dad 1982)

Ronerary Doctor of Science. Denison University, 19:._
y'rt-r 44 , 1,41i

Research: Studies of nuclear force:40mi reaction rates; nuclear spectroscopy;

the Structure of light nuclei; nuclear astrophysics; thermonuclear

sources of stellar energy and element synthesis in Stars end supernovae;

supernova models; isotopic anomalies In meteorites and the origin of

the solar system; nuclegoosmochronOlogy; study of general relativistic

effects in quasar and pulsar models.

Defense Record:
towic

Div.
Technic
Dept.,
Otd, Div.,
52.

Research and development proximity fuses, rocket ordnance,
weapons; Weer:A :Koff or., flee. T, MDRC; Research staff mew.,

As t. Dir. of Research Sac. 5, MEC 1941-45;

Zalt1/11%411943:: 19!:7!:tingt:::;401107
I end D. POTS 1945; Sci. Dir., Project VISTA, Dept. Defense 1951-
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THIS YEAR'S PRIZE IN PHYSICS TO TWO ASTROPHYSICISTS

The Royal Swedish Academy of Sciences
has decided to award the 1983 Nobel
Prize in Physics to Professor
Subrabmanyen Chandrasekhar, University
of Chicago, Chicago, USA, for his.
theoretical studies of the physical
processes of importance to the struc-
ture and evolution of the stars, and
to Professor William A. Fowler,
California Institute of Technology,
Pasadena, USA, for his theoretical
and experimental studies of the
nuclear reactions of importance in
the formation of the chemical elements
in the universe,

The common theme of this year's Nobel Prize in Physics is stellar
evolution. A star is formed from the gas and dust clouds which
exist in the galaxies. Under the influence of gravity, there is

a condensation which slowly contracts to form a star. In this
process, energy is released whin leads to the heating of the
newly-formed star. Finally the terperaturs is high enough to
set off .nuclear reactions in the interior of the star. As a
result, the hydrogen, forming the maDor part, is burnt to helium.
This creates a pressure which s..crs t.e contraction and stabilizes
the star so that it can exist for millions of years. When the
hydrogen has been consumed, oth,r nuclear reactions take over,
particularly in the more massive st,r50 and increasingly heavy
eients, up to iron, are forme.!. v'.en tne evolution nas reached

this stage, the star can no lor.;t resist gravity, and it undef-
goes some form of collapse, the e4a:t .nature of which depends on
the mass of the star. In some ins:ances the collapse takes the
form of an explosion whose visiole result is the creation of
a supernova. This brings about a :.riot but extremely intense
flow of neutrons, which leads !lot-ration of the very
heaviest elements. For less hea-y r :ars having a mass of the
order of our Sun. the collapse 04 :ise to a so-called white

KUNGL.
VETENSKAPSAKADEMIEN
THE ROYAL SWEDISH ;9 October 1983

ACADEMY OF SCIENCES

BUT COPY AVAILABLE

hiAJEAVA "W:3 U38 21
N



4

18

dwarf. The matter has here been compressed so that one cubic
centimetre"weighs around 1 kilogramme. The electron shells of
the atoms have been crushed and the star consists of atomic
nuclei and electron gas. For slightly heavier stars, the final
stage is an even more compressed state in which electrons and

nnuclei unite to form neutrons. For the heaviest stars havi -g
mass in excess of 2-3 Solar messes, the force of gravity
becomes so strong that tse matter simply disappears in the form
of a so-called black hole.

This should indicate that stellar evolution gives examples of
a number of physical processes of fundamental importance. Many
scientists have studied these problems, but Chandrasekhar and
Fowler are the most prominent.

Chandraseknar's work deals with a large number of features
in stellar evolution. A major contribution is the study of
the stability problem in different phases of the evolution.
In recent years he has studied relativistic effects, which
become of importance because of the extreme conditions arising
during the later stages of stellar evolution. Chandrasekhar's
possibly best-known achievement; accomplished when he was in
his 20's, is the study of the structure of white dwarfs. Al -
though many of these investigations are of older dates, they have
through the great progress of astronomy and space research in
recent years gained renewed interest.

Fowler work deals with the nuclear reactions which take place
in the stars during their evolution. In addition to generating
the energy which is radiated, they are of importance because
they lead to the formation of the chemical elements from the
original matter, which chiefly consists of the lightest element,
hydrogen. rowler has done extensive work on the experimental
study of nuclear reactions of astr :;hysical interest, as well
AS carried out theoretical calculations. Together with a number
of co-workers, he developed ,during the 1950s, a complete
theory of the formation of the chemical elements in the universe.
This theory is still the basis our knowledge in this field,
and the m- 1::t rec-ent progress in n:clear physics and space
researc has further confirmed its coi'rectness.

3J1IA.MAVA 'MOO T*3
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Subrahmanyan Chandrasekhar

Born in Lahore, India, on 19 October, 1910
Became citizen of USA in 1953
Ph.D., Trinity College, CaMbridge, England 1933
Sc.D., 1942 --

Distinguished Service Professor of theoretical astrophysics,
yorksa Observatory, University of Chicago, 1946
Foreign member of the Royal Swedish Academy of Sciences,1073

Address

Professor Subrahmanyan Chandrasekhar
Laboratory for Astrophysics and Space Research
933 E 56th Street
Chicago, IL 60637
USA
tel.: (312)753-6562
William A. Fowler

Born in Pittsburgh,USA, on 9 August,.1911
Ph_0., California Institute of Technology, Paaadena, L'SA,
19 36
Professor of Physics, California rastitute of Technology,
Pasadena, USA, 1946

Address

Professor William A. Fowler
Kellogg Radiation Lab. 106 -38
California Instituto of Technology
Pasadena, CA 91125
USA

tel.: (213) 795-6611

STATEMENT OF DR. WILLIAM A. FOWLER, 1983 LAUREATE ITN
PHYSICS, INSTITUTE PROFESSOR OF PHYSICS, EMERITUS, THE
CALIFORNIA INSTITUTE OF TECHNOLOGY, PASADENA, CA

Dr. FOWLER. Mr. Chairman, members of the committee, slightly
over 2 years ago, on March 4, 1982, I testified before your Subcom-
irittee on Science, Research and Technology. Mr. Walgren was in
tl e chair and Mr. Dymally was present, on the then critical situa
ti..n concerning instrumentation in university and college laborato-
ries.

It is gratifying to know that substantial progress Ino, been made
in alleviating !his situation in the last 2 years. NSI, DOE, and
DOD have in place programs dedicated in one way or another to
funding the purchase of scientific equipment, especially in universi-
ties with graduate departments.

There is still some concern in my mind regarding the situation
in undergraduate colleges which give bacheleft iegves based on
studies in the sciences. It is my contention that unL ergfaduate col-
leges should be provided with research grants and the appropriate
instrumentation if they offer degrees in the sciences. Aspiring
young Etcientists, whether headed for teaching or research, should
be given hands-on training in real research not just laborarory ex-
ercises.

One cannot learn modern physics playing with inclined planes
and pulleys. Even those destined for a career in theory ought to
have the option of doing a hands-on experiment of some real rel-

.

-""%

23



20

evance. All of this will require college science faculties with a few
members who are interested in research as well as teaching. There
will be a bonus: bett people will be interested in college positions.

Now, in my testimony 2 years ago I said you are not going to
hear from me a litany of what science can do for the general wel-
fare, for the economy, or for the national defense. Let me assure
you, I do not deprecate the applications of science to engineering
and eng.ineering to technology. I do hope that these applications
will be benign.

My field of research is the application of nuclear physics to as-
tronomy. It is a benign application in comparison to reactors and
bombs. The whole matter has been a paradox for me all of my pro-
fessional life. I do not know the answer to that paradox but of one
thing I am certain. The science of nuclear physics which explains
the origin of sunlight must never be used to raise a dust cloud
wh;-h will obscure that sunlight.

Well, be that as it may, my primary concern is that science be
supported by the Government in part because of its contributions
to the intellectual needs of the American people and all the people
in the world, for that matter.

Men and women have intellectual needs as well as cultural and
physical needs. These intellectual needs can only be satisfied by
the continuing effort to obtain new knowledge about the universe
and about the physical laws which govern it.

Now, permit me to discuss briefly an example which is very close
to my mind and my heart. In doing so, I may overstep' the bounds
of propriety regarding self-interest and special pleading, in that I
am suggesting the support of a search for knowledge in which I am
greatly interested. I can assure you, however, that the search will
involve no monetary gain for me nor for the institution with which
I am affiliated.

I begin at the beginning. Since earliest times, mankind has been
interested in the Sun. When it became clear that all life on Earth
depends on light from the Sun, the purely intellectual question
arosewhat is the ultimate source of energy for the rays of light
from the Sun?

Early in this century, Lord Rutherford used radioactivity to
measure the age of terrestrial rocks and found values exceeding 1
billion years. Much later, his methods applied to the meteorites
and to the Moon yielded ages around 41/2 billion years. In spite of
tectonic activity on the Earth, some terrestrial rocks have been
closed, undisturbed systems for close to 4 billion years. Sophisticat-
ed arguments indicate that the Sun and the other components of
the solar system formed at the same time, 4.5 billion years ago.

What has provided the source of energy of the Sun over that pro-
digious length of time? Well, to make a long story short, it is now
believed that the source of energy is the fusion of hydrogen into
helium at the center of the Sun.

We know that fusion can power the Sun for about 7 billion years
more before the Sun changes its present characteristics in any
marked way. But to get to the point, there is a problem. I refer to
it as "The Case of the Missing Solar Neutrinos."

The case of this: In the fusion of four hydrogen nuclei into one
helium nucleus, two elementary particles we call neutrinos are re-
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leased. These neutrinos have no electrical charge, no magnetic
moment, probably no mass, and they interact only weakly with
matter. Only 1 in 100 million neutrinos produced at the center of
the Sun is intercepted on the way to the surface. At night they
penetrate the Earth and reach us willy-nilly.

A simple calculation yields the fact that 60 billion neutrinos pen-
etrate every square centimeter of the Earth and our bodies per
second. Just as they pass through the Sun and Earth, they pass
through our bodies without interacting and without producing any
damage.

That is what physicists and astronomers believe. But we have no
positive proof. In fact, fundamental problems have been raised by
attempts to detect the rather rare high energy solar neutrinos
made by Dr. Raymond Davis of the Brookhaven National Laborato-
ry in the Homestake Gold Mine near Lead, SD. Davis has installed
a 100,000-gallon tank of liquid perchloroethyleneordinary clean-
ing fluid-1 mile deep in the mine. The chlorine in the perchlor-
°ethylene is the detector. It can only detect the higher energy neu-
trinos from the Sun and not the much more numerous low energy
solar neutrinos.

In 60 observations over 13 years, Davis has found one-thirdone-
third, mind youof the flux of these high enemy solar neutrinos
relative to what we expect if we understand what is going on irx, the
Sun. Something is wrong. Many explanations have suggested
but most raise more problems than they solve.

It is generally agreed that attempts to determine the flux of the
low energy neutrinos must be made, and the best detector for those
neutrinos is the rare element gallium. There is the rub. Between 30
and 60 tons of gallium will be needed and gallium costs $500,000
per ton. There is one source of relief. The Federal Republic of Ger-
many is a partner in this proposed set of observations. The Federal
Republic of Germany will provide one-quarter of the gallium
needed. They will match 1 to 3 that supplied by the United States,
even though the costs of the gallium and the operation of the ob-
servations for 5 years will run to a total cost of at least $20 million.
Who is to pay?

Well, before answering that question, I want to enter Lto the
record the support of the scientific community for the gallium ob-
servations:

,The field report, astronomy and astrophysics for the 1980's con-
cludes:

The committee urges continued financial support of the gallium detector experi-
ment by this international collaboration, the State of Israel is also collaborating in
this work, and the completion and operation of the full gallium neutrino detector at
the earliest opportunity.

Second, a long-range plan for nuclear science, the NSAC report
to NSF/DOE just last year:

The solar neutrino problem raises a number of important scientific questions and
has ti be pursued. At the present time, scientific grounds dictate the choice for the
next neutrino detector to be gallium on the basis of its demonstrated feasibility and
recovery efficiency.

Third, review of the gallium solar neutrino project at Brookha-
ven National Laboratory, 1981. It was chaired by Glen Seaborg,
Felix Boehm, Jerry Brown, George Field, myself, Terry Goldman,
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Martin Schwarcchi ld of Princeton, and Tony Turkevich from Chica-
go:

The members of ow panel have come to the conclusion theat the gallium solar
neutrino project has outstanding scientific merit on a broad interdisciplinary scale.
We strongly recommend that the project be approved and authorized to proceed.

I mention these things, gentlemen, because I do not want to be
accused.of recommending a program that has not been thoroughly
peer reviewed previously.

The trouble is, it is interdisciplinary: It is very hard. to get any
one discipline to carry the ball, but that is another argument I am
sure you gentlemen are quite aware of.

Well, I return to who to pay. The American people have paid
billions of dollarsbillions of dollar'sto learn about the Moon,
and Jupiti. r, and other planets. I submit that the Sun is far more
important in their daily lives than the Moon and the planets. I
have given my, lecture on the case of the missing solar neutrinos
over 100 times. Always, there is intense public interest in the
source of energy for the life-sustaining light from the Sun. It is my
deep feeling that $20 million of Government money would be well
spent to solve a deep intellectual problem which can be appreciated
by everyone.

Well, what are the practicalities? The Department of Energy has
generously supported, the Brookhaven program in solar neutrino
research. I have so connection with Brookhaven whatsoever.
Brookhaveh 'should carry on. TK., Congress and the administration
should Provide the Departenent ..4f Energy with the additional".
fundsand I stress additionalthat are necessary to enable Brook-
haven to do so. Whatever the results, the gallium observations will
bring , intellectual satisfaction to Americans, scientists, and non-
scientists alike. Our generation may solve-,an ancient problem,
where does the light from the Sun coi..e from, and open up new
Vistas on how the universe operates.

Well, Mr. Chairman, members of the committee, forgive me for
being so specific in my recommendations. Invite me back after you
have solved "The Case of the Missing Solar Neutrinos," `and we can
discuss generalities to our heart's content.

Thank you.
[The prepared statement of Dr. Fowler follows:)

fI

26

,

t.



4 STATEMENT

WILLIAM A. FOWLER

NOBEL LAUREATE IN PHYSICS 1983

INSITTU iE PROFESSOR OF PHYSICS EMERITUS

CALIFORNIA INSTITUTE OF TECHNOLOGY

BEFORE THE

COMMITTEE ON SCIENCE AND TECHNOLOGY

U. S. HOUSE OF REPRESENTATIVES

MARCH 8. 1984

fp-

4

Mr. Chairman and Member: 01 theltommittee,

I welcome this opportunity to respond to the invitation to present my

views and recommendations with respect to the Government's role in

support of scientific research and education.

Slightly over two years ago on March 4, 1982 I testified before your

Subcommittee on Science, Research and Technology on the then critical

situation concerning instrumentation in university and college Tabora-

., tories. It is gratifying to know that substantial progress hai been made
v in alleviating this situation in the last two years. NSF, DOE and DOD have

in place programs dedicated in oni'way
/

or an-other to funding the pu.-
.*

chase of scientific equipment resp..cially in universities with graduate

departments. There is still some co cern in my mind regarding the

situation in undergradua colleges,. ich give bacheloivs degr/eRAiased

on studies based in the sciences. It is my contention that undergraduate

colleges should be provided with research- grants and the appropriate'
,

instrumentation if they offer .degrees in the sciences. Aspiring young

scientists, whether headed for' teaching or researe, should be given
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hands-on training in real research not just laboratory exercises. One

cannot learn modern physics playing with inclined planes and pulleys.

Even those destined for a "eareer in theory ought to have the option of

doing a hands-on experiment of sc:ne real relevance. All of this. will

require college science faculties with a few, members who are interested

in research as well as teaching. There will be a bonus: better people will

be interested in college positions. There will be another bonus: students

in other fields will learn that scientists do not live cloistered Lives in ivory

towers. Experimental scientists have to work hard in the laboratory in

ways more similar to that of the workman than to that of the office

worker. These students will communicate this to their friends and co-

workers and help to change the image of the scientist in the public mind.

In my testimony two years ago I said. "You are not going to hear from

me a litany of what science can do for the general ire, for the econ-

omy and for the national defense." Let use assure you that I do not

deprecate the applications of science to engineering and engineering to

technology. I do hope that these applications will be benign. My field of

research is the application of nuclear physics to astronomy. It is a
benign application in comparison to reactors and bombs. The whole

matter has been a paradox for me all of my professional life. I don't know

the answer to the paradox but of one thing I am certain. The science of

nuclear physics which explains the origin of sunlight must never be used

to raise a dust cloud which will obscure that sunlight.

Be that as it may. my primary concern is that science be supported

by the Government in part because of its contributions to the intellectual

needs of the American people and all the people of the world for that

matter. There is no more profound bib..ical quotation than that of
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Matthew "Man shall not live by bread alone." Men and women have intel-

lectual needs as well as cultural and physical needs. Those intellectual

needs can only be satisfied by the continuing effort to obtain new

knowledge about the universe we inhabit and about the physical laws

which govern it.

Permit me to discuss briefly an example which is very close to my

mind and heart. In doing so I may overstep the bounds of propriety

regarding self-interest In that I am suggesting.the support of a search for

knowledge in which I am greatly interested. The Committee will have to

be the judge. My conscience is clear. The search will involve no mone-

tary gains for me nor for the institution with which I am affiliated.

I begin a:. the beginning. Since earliest times mankind has been

interested in the sun. When it became clear that all life on earth depends

on light from the sun the purely intellectual question arosewhat is the

ultirri?.e source of energy for the rays of light from the sun?

The quantitative study of chemical reactions in the eighteenth and

nineteenth centuries made it clear that chemical processesburning in

simple languagecould provide solar energy for at most about ten

thousand years. In 1854, Helmholtz and in 1861, Lord Kelvin suggested

001 gravitational energy released in ;A gradual decrease of the sun's radius.

Their own calculations sh red that this would suffice to maintain the

sun's present luminosity for at most a few million years. At the same

time geologists were showing that geological processes on the earth

required at let 100 million years. Early in this century Lord Rutherford

use radioactivity to measure the age of terrestrial rocks and found

values exceeding one billion years. Much later, his methods applied to

the meteorites and to the moon yielded ages around 4.5 billion years. In
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spite of tectonic activity on the earth some terrestrial rocks have been

closed, undisturbed systems for close to 4 billion years. Sophisticated

arguments indicate that the sun and the other components of the solar

system formed at the same time, 4.5 billion years ago.

What. has provided the energy of the sun over that prodigious length

of time? To make a long story short it is now believed that the source of

energy is the fusion of hydrogen into helium at the center of the sun.

Through the work of Hethe, Critchfleld, Lauritsen, Cameron and myself we

think we know the detailed nuclear reactions taking place in the fusion of

hydrogen into helium.

We know too that fusion can power the sun for about seven billion

years more before it changes its present characteristics in any marked

way. But to get to the point there is a problem. I refer to it as "The Case

of the Missing Solar Neutrinos."

The Case is this. In the fusion of four hydrogen nuclei into one

helium nucleus two elementary paitgies we call neutrinos are released.

These neutrinos have no electrical charge, no magnetic moment, prob-

ably no mass and they interact only weakly with matter. Only one in 100

million neutrinos produced at the center of the sun is intercepted on the

way to the surface. At night they penetrate the earth and reach us Willy

hilly. A simple calculation yields the fact that 60 billion neutrinos

penetrate every square centimeter of the earth and our bodies per

second. Just as they pass through the sun and the earth they pass

through our bodies without interacting, without producing any damage.

That is what physicists and astronomers believe. But we have no

positive proof. In fact. fundamental problems have been raided by

attempts to uctect the rather rare, high energy solar neutrinos made by
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Dr. Raymond Davis of the Brookhaven National Laboratory in the Homes-

take Gold Mine near Lead. South Dakota. Davis has installed a 100,000 gal-

lon tank of liquid perchloroethylene (cleaning fluid) one mile deep in the

mine. The chlorine in the perchloroethylene is the detector. This detec-

tor can only detect the higher energy solar neutrinos and not the much

more numerous low energy solar neutrinos.

In 60 observations over 13 years Davis has found one-third of the flux

of these high energy solar neutrinos relative to what we expect. Some-

thing is wrong! Many explanations have been suggested. Most raise more

problems than they solve. The two most reasonable are:

First, there is the possibility that the solar neutrinos transform in

part to the two other known forms of neutrinos on their way from the sun

to the earth. These two other forms of neutrinos do not trigger the

chlorine detector. Sophisticated experiments here and abroad are

underway to prove or disprove this explanation involving neutrino

transformations.

Second, our understanding of the sun and thus our models of solar

structure are wrong. The flux of the higher energy solar neutrinos

depends critically on the details of our solar models. We know that the

flux of the lower energy solar neutrinos is practically independent of the

models of solar structure. On very general grounds we know what to

expect

Thus it is generally agreed that attempts to determine the flux of the

lower energy neutrincsmust be made. If their flux is also down to one-

third then neutrino transformations are the likely explanation since high

and low energy neutrinos are affected in the same way by these transfor-

mations, If their flux is what we expect on general grounds then the
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deficit in high energy neutrinos will indicate that our solar models are

wrong, or in other words, we do not understand the sun. There is the hor,-,

rifying possibility that we are completely wrong and hydrogen-to-helium

fusion does not power the sun. That will set us back on square one!

It is generally agreed that the best detector for these lower energy

neutrinos is the rare element gallium. There's the 'rub! Between 30 and

BO tons of galliu will be needed and gallium costs one-half million dol-

lars per ton. Them one source of relief. The Federal Republic of Ger-

many will provide one-quarter of the gallium needed. Even so the cost of

the gallium and operation of the observations for five years will run to a

total cost of at least 20 million dollars. Who is to pay?

Before answering that lestion I wish to enter into the rec5 .

support of the scientific community for the gallium Observatio

1. Astronomy and Astrophysics for the 1990's (Field Reinirl.). Vol. 1, p.

115: A pilot experiment employing 1.3 tons of gallium was success-

fully completed during the summer of 1980. The U. S. Department of

Energy and the Max Planck Institules in Germany are now supporting

the development of a larger detector that will be calibrated with a

laboratory source of neutrons produced in a reactor. The Committee

urges continued financial support of the gallium-detector experiment

by this international collaboration and the completion and operation

of the full gallium neutrino detector at the earliest opportunity.

2. A Long Range Plan for Nuclear Science. NSAC Report to NSF/DOE, 1983.

p 40: The solar neutrino problem raises a number of important

scientific questions, and has to be p....rsued. At the present time

scientific grounds dictate the choice for the next neutrino detector
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to be 72Ga, on the basis of its demonstrated feasibility and recovery

efficiency, but options for alternate detector schemes which could

help resolve the present problem should be explored further.

3. Review of the Gallium Solar Neutrino Project at Brookhaven National

Laboratory, 1981 (Report by G. T. Seaborg, Chairman, F. Boehm, G. E.

Brown, G. B. Field, W. A. Fowler, T. J. Goldman, M. Schwarzschild, and

A. Turkevich)

pp. 8,9: The members of our Panel have come to the conclusion that

the Gallium Solar Neutrino Project t outstanding scientific merit

on a broad interdisciplinary scale. We 'Nitre made an analysis with the

aim of reducing the cost to the minimum value commensurate with

obtaining a definite and meaningful result and have come to the con-

elusion that a satisfactory measurement can be made with 45 tons of

gallium (i.e., a reduction from the proposed 50 tons). We strongly

recommend that the Project be approved and authorized to proceed.

There is little to add and I return to "Who is to pay?." The American

people have paid billions of dollars to learn about the moon and Jupiter

and other planets. I submit that the sun is far more important to their

daily lives than the moon and the planets. I have given my lecture on
sollar

'The Case of the Missing
A

Neutrinos" over one hundred times. Always

there is intense interest in the source of energy for the, life-sustaining

light from the sun. It is my deep feeling that 20 million dollars of Govern-

ment money would be well spent to solve a deep intellectual problem

which can be appreciated by everyone.

What are the practicalities? The Department of Energy has
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generously supported the Brookhaven program in solar neutrino

research. Brookhaven should carry on. The Congress and the Adminis-

tration should provide the Department of Energy with the additional

fundsand I stress additional-necessary to enable Brookhaven to do so.

Whatever the results, the gallium observations will bring intellectual

satisfaction to Americans, scientists and non-scientists alike. Our gen-

eration may solve an ancient problem and open up new vistas on how the

universe operates.

Jir. Chairman and Members of the Committee, forgive me for being so

specific in my recommendations. Invite me back after you have &ken

action on The Case of the Missing Solar Neutrinos" and we can discuss

generalities to our hearts' content.

Thank you.

Mr. FUQUA. Thank you very much, Dr. Fowler.
Dr. McClintock, did you wish to make any comments?
[The biographical sketch of Dr. McClintock follows:]

Da. BARBARA MCCLINTOCU

Dr. Barbara McClintock received the 1983 Nobel Prize in Medicine for her discov-
ery in the 1940s of "mobile genetic elements." Today, these elements are understood
to be segments of DNA that have the ability to move around the gado= and con-
trot many different genes. They have also been referred to as "controlling ele-
ments", "jumping genes" and "transposable elements." Dr. McClintock's work was
far ahead of its time, achieved when the "demonstration that chromosomes carried
the hereditary factors was only a decade old; the concept of the gene was still just
that, a concept and a contentious one at that and the discovery of DNA as the
chemical basis of genes, the helical structure of DNA, and the genetic code were all
way into the future." (Science, Oct. 28, 1988, p. 402.)

Dr. McClintock first presented her ideas to the scientific community in 1951 at a
symposium in Cold Spring Harbor, New York. Her presentation was based on six
years of work studying the variegation of kernel pigmentation in corn. The inherit-
ance of coloration in corn kernels was known to be genetically instable, that is, the
patterns of corn kernel pigmentation could not be reliably predicted using the prin-
ciples of genetics known at the time. Dr. McClintock concluded that move 'le con-
trolling elements were responsible for the observed color patterns. The essence of
Dr. McClintock's insight was that there were two types of etructural genes,
that specified the manufacture of enzymes and other Frnteand controlling ele-
ments, which regulated the activity of the structural genes.

Since Dr. McClintock's ideas were complex, and contradicted the established doc-
trine of that time, they did not make an impact on the field of genetics until several
other scientific-discoveries were made. Ten years later, in 1961, nonmobile gene reg-
ulating sequences were discovered in bacteria. In the mid-1910e mobile genes (trans-
posable elements or transposonsi, which can carry drug mistimes, were found in
bacteria. By the 1980s, many kinds of mobile elements in numerous organisms, in-
cluding humans, were discovered. Recently scientists at several research centers, in-
cluding the Cold Spring Harbor Laboratory and at the Carnegie Institute of Wash-
ington. have been able to confirm at the molecular level much of what Dr. McClin-
tock had intuitively deduced.
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Dr. McClintock's discovery of movable genetic elements has had an impact on anumber of different facets of genetics: bacterial drug reaistance; antibody productionin vertebrates; parasite& ability to evade their host's immune system; and the evolu-tion of retrovirusea (which are thought to cause cancer). Perhaps the most directapplication of Dr. McClintock's discovery, however, is in genetic engineering as apotential method for introducing desirable genes into cereal crops, such as corn.Work on this topic is currently under way in Australia, Germany and the UnitedStates.
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PRESS RELEASE, OCTOIER 10, 1983

Toe Nobel Assembly of the earolinska Institute has today decwided

to award the Nobel Prize in Physiology or Medicine for 1983 to

Barbara McClintock

for her discovery of !Mobile Genetic Elements!

Summary,

Barbara McClintock discovered mobile genetic elements in plants
more than 30 years ago. The discovery was made at a time whey the genett

rntle inn the etrurinre of the Dhi double telli were tlGt_Yet ingVtlinit 15
oniy during the last ten years :nem zne Ile ical Inc mogiCal si TI
cance of mobile genetic elements has become apparent. This type 0 ele-

ment has now been found In microorganisms, insects, animals and man, and
nas been demonstreted to have Important functions.

Genetic instability was originally discovered in maize (Zee mays)
in which it was found to cause altered patterns of pigmentation of the
kernels. Instead of being evenly ;Igmented, the kernels hive sectors of
more intense pigmentation. The spots vary in size and Colour. At the sum
time, the cells show chromosome breaks and other abnoremlities.
McClintock examinee the relationship between the pigmentation pattern of
the kernels and chromdfoate changes. Variegation in that Colour of the

kernels was found to be parallelled by transposition of structural
elements within or between chromosomeS. Because transpositions result in
inactivation of neighbouring genes, McClintock used the term ' controllin
elements" to describe the mobile chromosome structures. Another effect o
transposition was chromosome breaks at points where the mobile elements

were integrated.
During the id-1960S mobile genetic elements were demonstrated in

bacteria and shown to play a role in the transmission of resistance to
antibiotics from one bacterium to another.

Such *Talents were also found to have An important function in th
ability of unicellular parasites 'trypanosomes) to change their surface

properties, thereby avoiding the irmune response of the host organism.
'Recombination of DNA segments proved to be an essential factor in the
shelitY of lYnnhAin relic rn nrmr.nre A itiessindlv infinite mfter of
different antibodies to foreign substances. In recent years, evidence he

accumulated that transposition of genes.or incomplete genes are involved

in the transformation of normal cells into tumour cells. Thus, genes
controlling cell growth have beer found to undergo trenSlocation from on
chr omosome to another during cancirogtnesis. The initial discovery of

mobile genetic elements by Barters McClintock is of great medical and
biological significance. It has also resulted in new perspectives on how

genes are formed and how they change during evolution.
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When McClintock began the work that led to the discovery of mobile gene-

tic elements, genetic instability had been demonstrated in plants and

insects (Drosophila). In maize, the instatllity caused the kernels to

show differently coloured patches. This variegation was believed to re-

flect a greater fragility of certain chromosome regions.'causing genes°

for pigmentation to mutate more easily they other genes. As daughter

cells multiplied and inherited the mutant genes, colonies of cells with

an altered pattern of pigmentation were formed.

McClintock first exashned the structure of 'chromosomes in Mite

plants showing variegation in pigmentation. by combining results from

these studies with those from genetic crosses she was able to localize

genes for la. type of starch, storage proOzin, anthocyanin pigments on

the individual chromosomes. Of the ten'pairs of chromosomes pair number 9

turned out to be of particular interest.

The choice of maize presented several experimental advantages.

each ear IFi;- 1) NIS several hundred kerneli, each of which is the

result of an independent fertilization event. `he inheritance of a series

of characteristics can easily be stud'ed simply by examining the struc-

ture, starch content or pigmentation of the individual kernels. Viutations'

affecting pigmentation are particularly useful, not only because they can

be easily observed, but also because they do not harm the multiplication

of the cells. Therefore, if a single cell undergoes a mutation or other

form of heritable change during the cevelopment of the kernels, this will

result In altered pigmentation of several successive generations of

daughter cells. The number and site of the differently coloured spots,

therefore, provides important information on the extent of genetic insta-

bility and the point during development at which the genetic change took

place.

Another advantage of maize as an experimental system was that

_individual chromosomes are easily studied. During the 1930s McClintock

made an important contribution to plant genetics by describing the

detailed morphology of normal and alterec Mete chroMotomes. This wort

was a necessary condition for,the ciscovery of mobile genetic elements.
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The first mobile element chsracteriZed by McClintock was found On

onrcmosome number 9, where it caused chromosome breaks (Fig. 2). Since

the chromosome was divided into two parts; this element' was named *disio-

ciaulon* or Os. As it was transposed along chrommsomei9 it caused breaks

and inectivitation Of neighbouring genes. McClintock, therefore, referred

to the mobile elements as "control elements'. In order for Ds to be

.transposed, a second genetic element calleb *activator* tax) had to be

present. Together Ds and AC represented a two element system Controlling

gene activity. McClintock also identified different forms of Os, some

causing complete gene inactiviation while others resulted in different

degrees of partial gene inactivation. The role of the Ac element was

shown to be a coordinating one. By signalling tolls elements, Ac trig-

gered the transposition of one or several such elements. Also the Ac ele-

ment orr.irred in different forms. Some of these produced signals early

during the development of tne kernel, while others induced trenspcsitionS

late in development. The type of At element could be detected by exami-

n'ng the size of differently pigmented spots on the surface of the

kernels.

In later work, McClintock oemonstraIed regions of genetic instabi-

lity on other maize chromosomes. Also in these cases the phenomena ob-

served turned out to be due to genetic elements moving from one chromo-

some to anotner.

The most important features of the control elements discovered by

McClintock are the following:

The control elements behave as ordinary genes in genetic crosses,

and can be localized to specific chromosome regions. When they transpose

along, or between, chromosomes, they cause inactivation of neighbouring

genes. in some cases, they also result in structural instability at the

sites of integration, causing chromosomes to break eesily at these sites.

until control elements leave a certain egion, the previousloy inactived

genes resume normal functions.

Os

9

Figure 2. When the control element Cs jumps from its 'resting' position
between genes number 8 anC 9 to a position close to gene number.
4, the latter is switched off. :f Ds later moves to another

position, gene will resume its function and the Corresponding
protein will again be syntnesized.
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The first mobile element characterized by McClintock was fount on

chromosome nuaber 9, where it caused ihromosom breiks (Fig. 2). Since

the chromosome was dividev into two parts, this element was named "discs.

ciatipag or Os. As it was transposed along chromic/0m 9 it' caused breaks

and inactivitation of neighbouring genes. McClintock, therefore, referred

to the mobile elements as "control
elements". In order for Os to be

transposed, a second genetit
element called "activators (Ae) had to be

present. Together Os and Ac represented a two element vitas Controlling
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during the development of tne kernel, while others induced transpositions

late in development. The type of Ac element could be detected by ascii..

n'ng the size of differently pigmented spots on the surface of the

kernels.

In later work, McClintock'
cemcnstrateo regions of genetic instabi-

lity on other maize chromosomes.
Also in these cases the phenomena ob-

served turned out to be due to genetic elements moving from one chrome-
.

some to another.

The mosf important features of the control elements discovered by :-,

mcClintock are the following:

The control elements behave as ordinary genes in genetic crosses,

and can be localized to specific chromosome regions. When they transpose

along, or between. chromosomes. they cause inactivation of neighbouring

genes. In sore cases, they also resvIt in structural instability at the
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I
Central elements can be classified into groups. Wittlin t certain

group, one element lets as a superior element (regulator) signalling to

subordindte elements (receptors) when to transpose. Sy doing so, the

superior element controls the exact time during development when transpo-

gltions are to occur.

. Control elements can &sum& different states. They can be part of -'

regulatory oysters consisting of two or more elements. They can else

*hear le independent er siMANWmmus elements. lower w1wwwnLe act DY pro-

gramming neighbouring genes to become active at s later time, which emy

be several cell generations later.

McClintoct's experiments were carried out with great ingenuity and

intellectual stringency. They reveal a whole world of previously unknown

genetic phenomena. In spite of this, they failed to attract the attention

of contemporary scientists. This might have been due to the fact that her

results were reported in not so widely read publications such as the

annual report of the institute where she worked and in special news-

letters exchanged by plant breeders working with maize. A contributing

factor was that she was far ahead of the development in other fields of

genetics. tier most important results were published before the structure

of the DMA double helix and the genetic code had been discovered.

Furthervore, useful as they were froc an experimental point of view, the

pigmentation patterns of maize kernels was of little practical signifi

tante.

In recent years, mobile genetic elements have been demonstrated in
A

a nt er of species. has given new insights into the mechanisms in -

vol edin the evolution of genes and has resulted in a much more dynamic

Cture of the organization and function of genes. In Dieter'', short OtIA

segments known as 'Insertion sequences' or IS elements have hewn frUlnli to

move from the bacterial chromosome to smaller DMA molecules known as

olzumids or from one plasmid to another. The effect of their transpp..

tici is inactivation of genes. Genes surrounded on both sides by IS

elements become mobile (Fig. 3). This type of gent is known as

"tranposon," and is of great importance In clinical medicine. Often,

these structures carry gees for resistance to antibiotics. The spread of

such resistance genes from resistant to sensitive bacteria is a major

problem ii' the treatment of infectious disease!

Mobile genetic elements have also been found in bacteyiophages,

i.e., viruses that Infect bacteria. :n trypanosomeS, a type of parasite

that causes African sleeping sickness, =bile genetic elemdnts cause
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Finure 3. Schematic SUMMAry of how a gene for resistance to an antibiotic
can jump from a bacterial chromosooe to a plasmid using a
transposon as a vector (step 1). The plasmic( (A-factor) may
then be taken up by a sensitive bacterium (step 2) Won
becomes resistant to the antibiotic. In this way resistance to
an antibiotic may spread from rno n:ctspium to onothiar emekiny

treatment difficult.

cnanges in the surface molecules of the parasite, making It possible for

the parasite to evade the immune response of the host organism.

In insects (Drosophila), several mobile genetic elements have been

identified and shown tO be closely related to genes found in RUA tumour

viruses. One such element, known as utopia", can occur in nuclear DNA as

a mobile gene. It can also be copfec into RUA and become part of an RNA

virus. The RNA form can again be coplec beck into DNA when a new cell is

infected. The DNA copy then becomes a -obile gene in the nucleus of the

infected cell.
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;ne correlation between mobile genetic elements and R.UA viruses

tretrovimsest is of interest also in relation to animal and human cells.

Some genes that cause normal cells to become tumour cells (oncogenes) can

occur both as viral genes Of -oncl and as cellular genes tc -ono). In some

cases the abnormal growth pattern of tumor cells has been linked to

transposition of c-onc genes or to integration of mobile genetic elements

close to the c-onc genes.

The discovery of mobile genetic elements by McClintock is of pro-

found importance for our understanding of the organization end functiGn

of genes. She carried out this research alone and at a time when her con-

temporaries were not yet able to realize the generality and significance

of ner findings. In this respect, there are several similarities between

her situation and that of another great geneticist active 100 years ago,

Gregor Mendel, who, studying the garden pea, discovered other basic

principles of genetics.

STATEMENT OF DR. BARBARA MeCLINTOCK, 1983 LAUREATE IN
MEDICINE AND PHYSIOLOGY, RESIDENT SCIENTIST, COLD
SPRINGS HARBOR LABORATORY, LONG ISLAND, NY

Dr. McCuprrocx. When I received the invitation to be here
today, I recognized right away that I was not qualified, that my
background and experiences would not lead me to make any rec-
ommendations that were based on information or judgments that I
thought could be satisfied by my information.

I think I better tell you why I felt that way. In the first place, I
never had a grant of any kind. I have only once served on a panel,
and that was in the 1944 granting agency. I was such a maverick
that they never invited me back. [Laughter.]

I have not had graduate students that were under my direction
since the mid-1930's. I had 5 years of being at the university and I
had very nice graduate students, really good ones, which I enjoyed
very much. But I left there.

I did not have graduate students at the institution I am in now
that were part of the institution, but I had graduate students and I
was imported for them at Cal Tech, at Columbia, at Yale, and so
forthespecially in North Carolina, I had four down there all at
the same time. I had to commute from New York down there but it
was not my responsibility to provide any funds or see to it on that
score.

I have done a great deal of consultations with people, young
people in research, which I have enjoyed immensely and I hope
was effective in some way or another.

Under these conditions of not having anything that I can put my
fingers on, if it would be useful for you, I can only say that in my
field, which is biology, and in my associations, which are with mo-
lecular biology at my institution, I am quite disturbed.

I am disturbed because the funds have not been generally distrib-
uted among biology. The people must be supported now in molecu-
lar biology by grant funds. They spend much of their time writing
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grants. They hove to work very hard, they are very nervous about
them. When they are rejected, it is a catastrophe and you see it for
thorn.

I do not know what we can do about this, actually but it is true
that it is a difficult situation, there is not enough money to go
around.

I think much of iestarted because we probably have centered our
funds in 'certain areaft, Maybe that is why a group of people felt
they had to go into that area. If I go to a symposium at our place,
there may be ten people talking about the same subject, doing the
same experiments. There is something wrong. It is something that
cannot be corrected, I believe, immediately. That has to come
through some restructuring of how we think about biology and how
it should be spotted.

I am very disturbed that botanyI know plants reasonably
wellI am very disturbed that botany just went out of the picture
in the last 20, 30 years. And yet, plants are marvelous. I think
many of us do not realize that much of our pharmaceuticals have
come from plants. And yet, we are letting them get out of hand.

I remember when I was young I was at Cornell at a very good
botany departmentit is no longer there. So, I feel that is very im-
portant. I see it as very important that we should train naturalists.
Many people in biology do not understand the diversity of orga-
nismsthere are a few, of course. But I think we need to have
more naturalists, more people that are trained in that direction but
they cannot be supported.

So, I think we need to have a restructuring of our thoughts on
what should be supported in biology, but I do not know how to give
it to you.

I think that gives you the idea of why I felt incompetent to write
anything specific for today.

Mr. FUQUA. Thank you very much, Dr. McClintock. I think you
are very well qualified to advise this committee because the things
that you are talking about. We will get into this later in some ques-
tions that we think are very important.

Next, we will have Dr., Taube. I hope I am pronouncing your
name correctly or some semblance of that.

Dr. TAUBE, I recognize whom you are addressing. [Laughter.]
Mr. FUQUA. Thank you, sir, we are pleased to have you.
[The biographical sketch of Dr. Taube follows:]
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HENRY TAUHE

Born Neudorf. Saskatchewan. Canada, November 30. 1930
naturalized U.S. citizen

SLientific Field: Inorganic Chemistry

Education: Calyersity of Saskatchewan. B.S. 1935
M.S. 1937

University of Ca lifornia, Ph.D. 1940(chemistry

Professional Experience: Instructor of Chemistry
University of California, 1940-41

Assistant Professor
Cornell University, 1941-46

Research Associate
National nefense Research Committee, 1444-44

Professor of Chemistry
University of Chicago, 1946-61

Professor of Chemistry
Stanford University. 1961-present

Convurrenr Vositsons: Cuggenheim Fellow: 1949 and 1955

Honor.: and Awafds:

41-057 0 - 85 - 4

Award, American Chemical Society, 1955
Howe Award. 1460
Distinguished Service Award, 1967
Nichols Medal. 1971
Willard Gibbs Medal 1971
Chandler Award. Columbia University, 1964
Kirkwood Award. Yale University, 1966
National Medal of Science. 1977

American Men and Women of Science
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CHEMISTRY PRIZE AWARDED TO ONE OF THE MOST CREATIVE
CONTEMPORARY WORKERS IN INORGANIC CHEMISTRY

The Royal Swedish Academy of
Sciences has decided to award
the 1983 Nobel Prize in Chemistry
to Professor Henry Tatibe, Stanford
University, stInford, USA, for
his work on the mechanisms of
electron transfer reactions,
especially in metal complexes.

Chemical reactions were known to man long before chemistry
had attained the status of science. It was observed that
substances changed their properties under certain external
conditions, which is a characteristo of chemical reactions.
Thus the ancient Egyptians found that if malachite, a green
ore, was fired with charcoal, * red metal was obtained,
called copper. It was also found that when clay was baked,
ceramic products with properties quite different from clay
were obtained.

Much earlier than this, man had found that a piece of dry
weed caught fire if it could be made hot enough: changes in
the properties of substances occurred only on certain condi-
tions. Temperature was early the factor which wasvaried
in order to bring about changes, and it was also found at
an early stage that the speed with which the changes occurred
frequently depended on the temperature. With the discovery
of black powder it was also noted that processes could take
place very rapidly, leading to explosions. The branch of
chemistry concerned with how fast chemica:. reactions take
place is known as chemical kinetics, and the scientist
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engaged in explaining how is said to study the mechanism
of chemical reactions.

Millennia of hypotheses, experiments and observat:one, new
hypotheses and new experiments and observations 'sere to pass
before a fairly firm scientific structure had .men created.
At the beginning of this century, progress had been consider-
able. In particular, a physical-mathematical description of
the reactions had been produced, and it was possible in
figures and formulas to express the conditions determining
whether a chemical reaction would occur, and it was possible
to provide mathematical equations for how rapidly it took
place. A beginning had also been made in the treatment of
reactions which did not pass completely in one direction,
as opposed to those mentioned above. It was realized that
chemical equilibria existed, and it was possible to deal
with these theoretically. It is a characteristic of chemical
equilibria that the reacting ions or molecules, although
on average bound to another a given bond is not permanent
and that the bonds are always being broken down and restored.
Three major types of equilibrium reactions have come to be
of dominant importance in chemistry. The concepts of acid
and base were combined in the acid/base reactions and the
pH associated with this.

Metal ions dissolved in water may attract ions or molecules.
This is known as complex formation and usually, although
not always, occurs as an equilibrium reaction. Finally the
combustion of the burning piece of wood and the production
of metallic copper from its ore through a reaction with
charcoal have been generalized as oxidation and reduction.
As a further generalization it has been found that oxidation
and reduction are associated with a transfer of electrons,
e.g. in metal ions such as cobalt and chromium. Under certain
conditions it is possible to make cobalt with three positive
charges react with chromium having two positive charges,
where cobalt gets only two but chromium three positive
charges. The effect is thus that an electron having a negative
charge has been tranferred from the two-valent chromium to
the three-valent cobalt. This is particularly frequent
phenomenon in complex compounds of metal ions. Taube has
today been awarded the 1983 Nobel Prize for his studies of
the mechanisms of electron transfer in metal complexes. Better
than anyone else he has helped us understand how these
electron transfers take place. It is particularly the structural
preconditions governing electron transfers in metal complexes
which he has studied. The electron transfer process as such
is a separate major problem in theoretical chemistry and
physics, where other scientists have contributed more than
Taube.

What are the experiments made by !-,nry Taube and what con-
....lusions has he been able to draw? In hio studies, he atarted
from the fact that three-valent loni; of cobalt and chromium
do not form equilibrium complexes (an example of the exceptions
already referred to). The ions or molecules which are bound
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to these metal ions are therefore joined to them without
ever leaving them. But the corresponding two-valent ions
form equilibrium complexes. If an ion or molecule bound to
the three-valent ion (in this instance, three-valient cobalt)

could somehow be marked so that it is possible to find
experimentally whether this marked ion or molecule in the
electron transfer beset the same time been transferred to
the other metal ion (in this instance, two- velect chromium),

that is, in the opposite direction as the electron in this
case. This was exactly what Taube found, and from this he
drew the conclusion that before the electron.transfer could

fig. take place, a bridge was formed between the metal ions of the

ion or molecule which.changledpleces.Ho proved this in a

large number of case and investigated how the electron
transfer was affected by changes in the bridging molecule.

His next step was lengthen the bridge between the metal ions
(while using molecules which could'bind two metal ions) and
he found that in some instances there was still an electron
transfer in spite of the greater distance between the metal
ions. There was thus a form of what Tabue calls 'distant

attack".

A logical continuation was the bonding of three-valent ions
to the two ends of the bridge before reducing this complex
with a two-valent ion (in this instance, europium). This
reacted rapidly with one of the metal ions and Taube could
then follow the slow transfer within the complex (in this

case from ruthenium to cobalt) free from all assumptions
on how'repidly the bridge was formed.

Finally Taube let the three-valent metal ions on either
side of the bridge be identical .end could then study if
in reduction with an electron this was captured by one of ,

the identical metal ions or it belonged to both, a
phenomenon known as delocalizat;.on. (nelocalization generally
gives rite to strong colours, such as in Prussian blue.)

This entire development was dominated both experimentally
and theoretically by Taube, who acrorcing to one of the

nominations has in eighteen listed instances been first
with major discoveries in the entire field of chemistry.
The examples selected tur7e, which are ail included in the
prize award, may seem rather specia:ized, not to say esoteric.
However, during the last ten yez.rs it has become increasingly
apparent that Taube's ideas have a considerable applicability,
particularly in biochemistry. All resT,lration which is
associated with oxygen consumptior is thus also associated
with electron tranciers, and a grcwinc nurVer of scientists

in this field are basing their wore Taubeir concepts of
electron transfew in metal complexee.

It should be added that, as alreadi 1-7.1nted out, Taube has

made major contributions throuqho..t t:%e o!lercistry.of complexes.

Thus he was the first to prodLce t cor.plex beteen a three-
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relent metal ion, which was based on the ideas developed by
Taub* in his electron transfer studies.

Finally a quotation from one of Nobel Committee's reports
on Taubee " There is no doubt that Henry Taube is one of the
most creative ressach workers of our age in the field of
coordination chemistry throughout its extent. He has for
thirty years been at the leading edge of research in several
fields and has had a decicive influence on developments."

Henry Taube

Born in Saskatoon, Canada, on 30 November, 1915
Became citizen of USA in 1942
Ph.D., University of California, 1940
Professor in Chemistry, Stanford University, 1962

Address

Professor Henry Taube
Department of Chemistry
Stanford University
Stanford,, CA 94305
USA

tel.: (415) 497-2300
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STATEMENT OF DR. HENRY TAUBE, 1983 LAUREATE IN CHEMIS-
TRY, PROFESSOR OF CHEMISTRY, DEPARTMENT OF CHEMIS-
TRY, STANFORD UNIVERSITY, STANFORD, CA

Dr. TAUBE. Mr. Chairman, committee members, thank you for
the opportunity to testify before this committee.

I shall begin with some general comments on how the practices
followed by the Federal Government in allocating research support
affects the immediate users, and then turn to some specific items
which trace the effects of current practice on academic institutions.

I have been doing independent research since 1940, in fact since I
began my research toward the Ph.D. degree at the University of
California in 1937. My first federally supported grant was made by
the ONR in 1949, and the first advanced research instrument I ac-
quired was a mass spectrometer, awarded by the AEC, cost about
$12,000.

After a time, these agencies lost interest in my work but support
was then provided by the National Science Foundation and later
and concomitantly, gy the NIH. Without Federal support, my work
would not have prospered. Such support has been the essential in-
gredient in the enormous progress made in all fields of chemistry
in the last three to four decades.

Is it all peaches and cream? Almost, but not quite. The proposal
format exacts a price at the level of the principal investigator from
all but the most confident, and also at the level of those in train-
ing, and this cost is not 'inconsiderable in the way it affects the
quality of the work.

Preparation for the Ph.D. provides the first exposure to inde-
pendent research, and it is critical in the development of a re.
search chemist. it is essential at this stage when conditions should
be optimum for the growth of curiosity and interest, that the candi-
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date be given the utmost freedom to choose directions. The gradu-
ate students supported by a research assistantship must, however,
report to a mentor who has a responsibility not to stray too far
from the spirit of the research proposal that won the support. The
mentor is subject to a second constraint: In a climate in which each
graduate student expects support, the principal investigator feels
an obligation to maintain continuity for each member of the re-
search group.

As a result, there is a tendency on the part of the PI in a large
part of his effort to opt for the safe and sound instead of what may
be more imaginative but is at the same time riskier.

The constraints I have mentioned tend to stifle creativity, but
their effect is to some extent ameliorated when there are plural
sources of supportthis is an important plus of our systemand
also when grants are made to cover support for an extended period.
They would be further ameliorated were a large fellowship pro-
gram instituted with each fellowship carrying also a reasonable al-
lottment to cover the expenses of research. By allocating funds to
some student-centered rather than proposal-centered awards, a
great deal of flexibility would be introduced both for the student
and for the research mentor.

It is pertinent in this connection to draw attention to the system
followed in the United Kingdom. There each graduate student de-
rives from public funds a stipend which, in most cases, covers the
cost of living. The PI still has the problem of raising the funds
needed to cover the expenses of research, but even with this re-
quirement, I think thwt more freedom of choice exists than in our
system. It is, of course, proper to ask whether the system followed
in the United Kingdom works.

If we use as criterion the number of Nobel laureates in chemis-
try named since 1950a good starting date for comparison because
it is at about the time that the effects of public support of research
began to be feltwe would have to conclude that it works very
well indeed. For the United Kingdom the count is 16, for the USA,
19. When allowance is made for the differences in population,
which should reasonably well reflect the differences in the number
of investigators, the United Kingdom wins handily. It is, of course,
not proven that that system of allocating research support is re-
sponsible for the high quality of their effort, but it is likely a signif-
icant factor.

I turn now to the second theme: Federal support of science in re-
lotion to academic institutions. There is a present and active com-
mittee under the chairmanship of Dr. George C. Pimentel,
nized by the Board on Sciences. and Technology, which is surveying
,'intellectual frontiers in the chemical sciences and the opportuni-
ties they present for meeting critical societal needs." Please note
". . . for meeting critical societal needs." Chemistry- is competent
to do this.

I served as a member of an earlier similar committee under the
chairmanship of Dr. Frank Wertheimer which, in 190, in a spirit
of optimism, filed its report "Chemistry: Opportunities and Needs,"
and I want to comment on some of the concerns we then expressed
and the changes which have taken place since then.
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One of the strong recommendations made by the Westheimer
Committee is that there be substantial allocation of funds for the
purchase of major instruments by departments and also by individ-
ual users. Instrumentation is extremely important to us. I refer
you to appendix A for illustrative matter, and prowess has in fact
been made in meeting needs. But reasonable needs, needs which I
have felt in my own research, have still not been met, and under-
instrumentation remains a critical issue and is recognized as such
also by the Pimentel committee.

Closely related to this is the virtual disappearance of Federal
funds for university science building, which were at a level of in
excess of $120 million in 1965. In 1979, the level was at about $30
million, "targeted on major national facilities intended to serve
large and diverse populations of researchers."

-These data are taken from a report of the Association of Ameri-
can Universities published in 1981. According to this report, the
costs incurred for science building by universities over the 4 earlier
years amounted to $400 million, and the figure given for those
needed for the ,next 3 years, even without allowance for expansion,
were much larger$765 million.

The problem is exacerbated by the need each institution faces to
bring the existing buildings up to current health and safety stand-
ards. Contrary to what many believe, it is not easy for a university
to raise money for new buildings. Funds for this purpose are given
capriciously and there is no relationship between the quality of the
institution and its capacity to raise building funds from private
donors.

A concern of the Westheimer committee was the difficulty there
is in providing startup funds for young investigators. They are the
ones who have the most daring ideas, and it is essential to the
health of the science that their research programs be established
expeditiously. The startup costs for a young investigator in our de-
partment is on the average about $150,000, much of this cost being
assignable to instruments and equipment. It does not cover other
costs such as laboratory modification which can involve an even
larger figure, nor summer salaries, nor graduate student stipends.
The Presidential Young Investigator Awards Program represents a
step in the right direction, but it is a small step compared to the
needs.

In closing, I want to return to ch.....iistry and societal needs.
Whatever contributions I have made are at the level of basic sci-
ence and have not been directed to a specific process or composi-
tion of matter. But these and like advances build the foundations
of a science which, taken as a whole, manifests itself in practical
applications which are ubiquitous, for the science concerns itself
with all forms of matter, its transformations and its properties.
Matter makes up materials, and George Pimentel in testifying a
fortnight or so ago to a subcommittee of this committee, dilated on
the control that the chemist can exercise over the properties of ma-
terials.

Among the materials he cited was his shirt. I start with his ex-
ample and proceed further to remind ou that chemistry speaks
also to what lies under George's shirt: living matter and emotions.
Chemistry is concerned also with animate matter, its function and
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dysfunctio, and some of the .most challenging problems are those
of trying to understand the chemistry of living cells.

I and tny fellow cb.ernists appreciate the of of this committee
to keep science in all its forms vigorous, exciting, and rewarding.

iThe prepared statement of Dr. Taube follows1
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STATEMENT ()V HENRY TAUB'''. PROYLVA)14 OF CHEMISTRY, DEPARTMENT OF CHEMISTRY,
STANFORD UNIVERSITY, STANFORD, CA

Thank you for the opportunity to testify before this committee.

I shall begin with some genral comments on how the practices followed by the
federaltgovernment in allocating research support affects the immediate users. and
then turn to some specific items which trace the effects of current practice on
academic inst'.utilns

I have been doing independent research since 1940, in fact since I began
research toward the Ph.D. degree at the University of California in 1937. Ny
first federally supported grant was made by the ONR in 1949, and the first advanced
research instrument I acquired was a mass spectrometer, awarded by the AEC. cost
ca. $12,000. After a time, these agencies lost interest in my work. but support
was then provided by the NSF, and later and concomitantly. by the NIH. Without
federal support my work wcwld not have prospered. Such support has been the
essential. ingredient in the enormous progress made in all fields of chemistry in
the last three to four decides.

Is it all peaches and cream? Almost, but not quite. The proposal format exacts
a price at the level of the principal investigator 'from all but the most confident,
and also at the level of those in training. and this cost is not inconsiderable in
the way it affects the quality of the work. Preparation for the Ph.D. provides
the first exposure to independent research. and it is a critical period in the
development of a research chemist. It is essential at this stage. when conditions
should be optimum for the growth of curiosity and interest, that the candidate be
given the utmost freedom to choose directions. The graduate student supported by
a research assistantship must, however. report to a mentor, who has a responsibility
rot to stray too far from the Spirit of the research proposal that won support. The
mentor is subject to a second constraint: in a climate in which each graduate
student expects support, the principal investigator feels an obligation to maintain
continuity for each member of the research group. As a result, there is a tendency
on the part of the PI in a large part of his effort to opt for the safe and sound
in favor of what may be more imaginative but is at the same time riskier.

The constraints I have mentioned tend to stifle creaZivity, but their effect
is to some extent ameliorated when there are plural sources of support - -this is an
important plus of our systemand also when grants are made to cover support for
an extended period. They would be further ameliorated were a large fellowship
program instituted, with each fellowship carrying also a reasonable allotment to
,cover the expenses of research. By allocating funds to some student centered
rather than proposal centered awards, a great deal of flexibility would be
introduced, both for the student and for the research mentor.

It is pertinent ip this connection to draw attention the the system followed
In the U. K. There each graduate student derives from public funds a stipend
which in most cases covers the cost of living. The principal investigator still
has the problem of raising the funds needed to cover the expenses of research,
but even with this requirement, I think that more freedom of choice exists than
in our system. It is. of course. prOper 4o ask whether the system followed in the
U. K. works. If we use as criterion the number of Nobel Laureates in Chemistry
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named since 19b0--a good starting dine for comparison because it is at about the

time that the effects of pubic support of research began to be felt - -we would

have to conclude that it works very well indeed. For the U. K. the count is 151

for the USA, 19. When allowance is made for the differences in population, which

.should reasonably well reflect the differences in the number of investigators,

the U. K. wins handily. It IS, of course. not proven that their system of

allocating research suPPort.is responsible for the high quality of their effort,

but it is likely a significant factor. -

I turn nnw to the second thaw federal support of science in relation to

academic institutions. There is at present an active committee under the chairman-

ship of Dr. George C. Pimentel, organized by the Board on Sciences and Technology,

which is surveying "intellectual frontiers in the chemical sciences and the

opportunities they present for meeting critical societal needs." Please note --

"for meeting critical societal needs." Chemistry is competent to do this. I

served as a member of an earlier, similar committee, under the chairmanship of

Dr.,Frank H. Westheimer. which in 1965, in a spirit of optimism, filed its report

"Chemistry: Opportunities and Needs," and I want to comment on some of the

concerns we then expressed, and the changes which have taken place sine* then.

One of the strong recommendations made by the Westheimer Committee is that

there be a substantial allocation of funds for the purchase of major instruments

by departments and also by individual users. Instrumentation is extremely important

to us (I refer you to Appendix A for illustrative matter), and progress has in fact

been made in meeting needs. But reasonable needs, needs which I have felt in my

own research, have still not been met, and under-instrumentation remains a critical

issue and is recognized as such also by the Pimentel Committee.

Closely related to this is the virtual disappearance of federal funds for

university science building, which were at a level of in excess of $120 million in

1965. n 1979, the level was at about 1p.million dollars, "targeted on major

natio facilities intended to serve large and diverse populations of researchers."

These ate are taken from a report of the Association of American Universities

pu shed in 1981. According to this' report, the costs incurred on this account'

universities over the four earlier years amounted to $400 million, and the figure

given for those needed for the next three years, Mien without allowance for expansion,

were much larger--S765 million. The problem is exacerbated by the need each

institution faces to bring the existing buildings up to current health and safety

standards. Contrary to what many believe, it is not easy for a university to raise

money for new buildings. Funds for this purpose are given capriciously. and there

is no relationship between the quality of the institution and its capacity to raise

building funds from private donors. (I have appended an account of the difficulties

e university faces in raising gift funds for science buildings.)

A concern of the Westheimer Committee was
the difficulty there is in providing

start-up funds for young investigators. They are the ones who have the most daring

ideas, and it is essential to the health of the science that their research programs

be established expeditiously. The start-up costs for a young investigator in our

department is on the average about $150,000, much of this cost being assignable to
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instruments and equipment. it does not Lover other costs such as laboratory
modification, which can involve an even larger figure nor summer salaries, nor
graduate student stipends. The Presidential Young I vestigator Awards represent
a step in the right direction, but it is a small step compared to the needs.

In closing, I want to return to chemistry and s fetal needs. Whatever

contributions : have made are at the level of basic s fence and have not been
directed to a specific process or composition of matter. But these and like
advances build the foundations of a science which taken aS a whole manifests
itself n practical applications which are ubiquitous, for the science concerns
itself with all forms of ratter, its transformations and its properties. Matter
makes up materials, and Dr. George C. Pimentel in testifying a fortnight or so
ago to a subcommittee of this committee, dilated on the control that the chemist
can exercise over the properties of materials. Among the materials he cited was
Os shirt. I start with his ext., 'le and proceed further to remind you that
chemistry speaks also to what lies under George's shirt: living matter, and
emotions. Chemistry is concerned also with animate matter, its function and
dysfunction, and some of the most challenging problems are those of trying to
understand the chemistry of living cells.

I and my fellow chemists appreciate the efforts of this committee to keep
science to all its farms vigorous, c-citing, and rewarding.
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Appendix A

The power of modern instrumentation is illustreted by the progress which has
been made in the development of one of the most important tools needed by and
available to the chemist: the determination of molecular structure by X-ray
diffraction on crystals. In 1940, s full Ph.D. thesis would be built around
the determination of a rather simple structure. Now, owing 40 the advances that
have been made, small molecule structures (say less than 75 atoms) require only
on the order of a week to collect data, and two weeks to solve and refine the
structure.

Two technological advances led to a revolution in chemical crystallography.
The advent of accessible modern digital computers to the community in the early
sixties made feasible much more extensive calculations in a dramatically shorter
time. Not only could electron density maps be computed, but non-linear least
squares methods could be used to refine structures to a high degree of precision.
Second. the development of computer controlled X-ray diffractometers (also in
the sixties) provided the means to collect accurate diffraction data rapidly and
routinely. These instruments eliminated such of the tedious manual labor involved
in collecting diffraction data using film. Together these two advances coupled
to make almost routine the solution of small molecule crystal Structures (protein
structures still require several years).

A typical contemporary crystallographic facility would consist of a computer
controlled diffractometer (5125,000) and a small computer system for in house
calculations (530- 75,000 depending on speed and size). Display of results is
facilitated by a good high resolution plotter ($5-10,000) or a high resolution
color graphics system to allow real time rotation and manipulation of the images
(530-70,000 depending on features). Various estimates have been made about the
actual cost per structure--these clearly depend on such factors as labor cost,
facility usage, etc. However, a good number for a typical inorganic structure is
around 52500-3000.

(Excerpted from statement prepared by Prof. K. 0. Hodgson, Department of Chemistry.
Stanford University.)
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Appendix B

The Seeley G. Mudd Chemistry Building at Stanford was dedicated in 1977. At
the time the campaign to ra se funds was started, and that was in 1467, the Stanford
Department of Chemistry was already recognized as among the leading ones in the
U.S. The two largest gifts were announced in 1273. Other gifts were accumulated
before and after that date toward a final eventual cost of $6.91, (which would be
about $20M in today's dollars). The receipts fell short by about WM. That
sum was borrowed and is being repaid by University unrestricted funds.

"Providing adequate space for science is one of Stanford's most urgent and
sizeable priorities. We spend several hundreds of thousands of dollars annually
to renovate, upgrade, equip, and otherwise make safer end more useful the space
used by faculty members in science, engineering. and technology areas. There are
$2M *Firth of gift supported renovations under way or planned in the Chemistry
Department presently; we budget from University funds between one and two million
dollars annually for health and safety improvements. lab modifications, and
defer ed laboratory maintenance.

Funds for facilities are the hardest to raise. That is Stanford's experience,
and t is the experience of our sister institutions as well. The highly technical

"e of modern science buildings, their size, the high and rising cost of
cnn.truction. and the delays encountered while seeking diligently after private
financial support all co- pire to hike the price tag well into the economic
stratosphere. Moreover, with so large a price tag on individual buildings, few
individuals can afford to provide the 50-7'.1% of the total that would propel fund-
raising to a speedy completion. (A 60.10.00 gross square foot laboratory building
would cost about S204, in total, to build if we started to plan that building
today.) The Mudd building was named for a gift equivalent to a bit more than a
third of the total cost.

In many ways. capital funds to renovate old and build new space and ongoing
funds to pay for the operating expenses of the high technology working environment
that is required by modern science a our greatest financial needs--and the lack
thereof the greatest barrier to productive scientists."

(Excerpted from statement prepared by Vice Provost R. F. Bacchetti of Staneord
University.)
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Mr. FUQUA. Thank you very much, each of you. We are deeply
grateful for you being here and sharing with us your thoughts
about subject matters of great interest to us in the Congress in
trying to fund, and make priorities and tough decisions with limit-
ed resources for the various research programs that are funded by
the Federal Government.

I noticed one thing that seemed to be, I think, a thread of each of
your statements, and maybe you might like to elaborate upon that,
the fact that the dire need that we have for instrumentation in our
colleges and universities, and research organizations, as well as fel-
lowships to bring in young scientists into research.

Maybe some of you might wish to further elaborate on that com-
ment. Di. Taube?

Dr. TAUBE. I would like to follow up on my statistics on Nobel
Prizes. In physics, the ratio is more than 4 to 1 in favor of the
United States, and I think that the difference might well be
Willie Fowler will correct me if I am wrongI suppose physics is
relatively better funded in this country than in the United King-
dom. It is expensive research. It is good research and expensive re-
search.

This contrast between the two fields I really find quite interest-
ing. I 1..ve not really thought deeply about the matter, the sugges-
tion that because physics is a more expensive subject this is partly
responsible for the disparity in Nobel laureates in the two fields.

Mr. FUQUA. Dr. Fowler.
Dr. FOWLER. Well, Mr. Chairman, I realize that the Congress

cannot or should not micromanage the operations of the agencies.
But I would call to your attention that, at least on my pare., there
is some underlying dissatisfaction with the way the instrumenta-
tion funds have been allocated.

Particularly in the National Science Foundation the funds are
primarily allocated through the program directors. Now, in the
study that I chaired, and which I testified on to your subcommittee,
and which has subsequently been published by the National Acade-
my of Sciences, we took this stand that instrumentation money
should be instrumentation money, not for salaries, not for over-
head, not for secretaries because we are all human beings and in
tough times when you are a PI or one of the principal workers on a
given project, you tend to keep salaries going; you tend to keep
shopmen; you tend to keep secretaries. mean, people come first.

But there is a point at which you just cannot continue to do that.
There is no use having good people if they do not have good instru-
mentation to work with. It is not like it was when I was a young
fellow in the laboratory and we built all our own equipment. You
cannot do that any more. You just cannot compete with IBM or
with the rest of them that make sophisticated computers for you.
There is just no way any more.

So, I would like to see to, get to my pointthat the instrumen-
tation funds not be done through the program managersnot that
they are not good but they are going to use,...tha sme criteria that
they have used all alohg was very difficult to change your habits.
There should be some independent place where anybody can go
and say, "Look, I need this instrumentation; I have to have it to do
what I want to do. I cannot get it through the regular program
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which is already overburdened, but Congress has given you charac-
ters some additional funds."

5 I think the foundation got $40 million, something like that. That
should be up for competition on the basis of merit, not on the baiis
of some hierarchy that has been establisoed. All is disciplinary.
The National Science Foundation is a disciplinary organization, it
is very hard to get something if you are a physicist and you want
to do something in astronomy; if you are a chemist and want to do
something in cosmo-chemistry which has to do with the science, it
is tough.

I realize that you gentlemen cannot twiddle the dials too closely,
but I would sure like to see some effort to make instrumentation a
completely separate funding, not run through the program direc-
tors.

Mr. Fuqua. That is not micromanagement. You have struck a
sympathetic nerve because I was under the impression that it was
going for what it was intended for and not for overhead and sala-
ries.

I can assure you, we
Dr. Fow LEH. If you think there is a sympathetic nerve here, wait

until my friends in the National Science Fr Indation hear what I
just told you. [Laughter.]

Mr. FUQUA. You may not get another grant. [Laughter.]
Dr. FOWLER. Mr. Chairman, one other thing. I hope you will pay

some attention to what I said about colleges. I have been on the
lecture tour for years, and I go to small colleges. I even went to
Ripon College at one time which is in Ripon, WI, the home of the
Republican Party. It is g very good little college. It is a very good
little college, and it is try, ig to teach students physics.

There were six students rho were taking a physics optionnoth-
ing in their laboratories. It is just disgraceful. And you know, at
Cal Tech at least a great number of our better students come from
the small colleges in the Middle West and we have to essentially
start them 1 year back because they have never seen anything to
actually do a physics experiment with where they were not told the
answer in the lab book.

Well, I am quite evangelical about this but you see, there is the
other thing: All the peer reviewing is done by characters like me,
members of a prestigious faculty., of a prestigious university or in-
stitutionmine is. How the devil can people at a small college like
Ripon or Dennison--I can name them all over this countryhow
can they compete when they are being peer reviewed by those of us
who are essentially in graduate departments in large universities?
I mean, Cal Tech is not all that large.

So, I think it is very important that some new standards be es-
tablished because I feel strongly that the place you start, the skills
in physics and skills in science, is in the colleges and it is not nec-
essarily in the colleges that are large and have big graduate estab-
lishments. The small colleges make a very real contribution, but
we are going to wipe that contribution out if we do not give them
something to work with.

Mr. FUQUA. I think you make a very good point. One of the ques-
tions I was going to propound was that basically our science policy
rests with our university science departments and the large re-
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search facilities like our national laboratories that are built by the
Federal Government.

But we also see the importance of singular work, like Dr.
McClintock did. I guess the question is: Is our 'present system of
funding research sufficiently attuned to the needs of that style of
research? How do we get the Dr. McClintocks funded, our people at
maybe smaller, less prestigious schools? Are we fostering a system
that makes the rich richerI am speaking of the collegesand the
other colleges poorer and they can never achieve greatness, par-
ticularly as a graduate program?

I am sure that is a subject that has been dear to my heart for a
long time and I can make a long speech about. But I will try to
condense it.

Dr. McClintock, what are your thoughts about that? You have
been victimized or something by that.

Dr. McCurrrocK. No; it was my choice. [Laughter.]
Mr. FUQUA. That, I appreciate.
But I noticed looking here, Cal, Berkeley, Cal Tech, and Stan-

ford, little tiny schools but great and prestigious schools in this
country, and they do very good work, and then Cold Spring Harbor
Laboratory.

Dr. McCusrrocx. That was a very good laboratory.
Mr. FUQUA. I am wondering, how do you fund singular work

whether you by" your own personal choice chose not to seek Federal
fundingbut how can we help small researchers or singular re-
searchers that maybe need some help for instrumentation, or a
graduate, or some assistance in some of the work that they are
doing?

Dr. MeCLINTocx. Well, from my own lab, I am a little concerned
about instrumentation maybe because I do not think that the
people using the instruments recognize that they should take the
kind of care.

In the 1950's when there was lots of money these people grew up.
I do not mean the faculty, I mean the people that come to our
place as mainly postdocs. They come for a short number of years.
They make their reputation and then they go on.

But they were funded in one way or another. They did not have
the responsibility for the instruments, and I see that the instru-
ments are frequently badly, badly treated, and these people grew
up with the idea that all you have to do is throw it out and get a
new one.

Somewhere along the line I think that there should be some way
in which these people understand that these are not easily replaced
and that you should do something about taking care of them.

Also, maybe there should be fewer instruments around. That is
another thing that happened in the 1960's and early 1970's, there
were duplicates of a lot of instrumentation. That money is not
there now, but it is the state of mind that, I think, needs to be
changed more than anything, to utilize what is there carefully. If it
has to be replaced, it can be replaced but not because it has been
mistreated. I find mistreatment is very serious. I do not know
whether you find it in your places or not. Do you?

Dr. FOWLER. Well, Barbara, there are always people who abuse
certain privileges, there is no question about it. But my feeling, my
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experience has beenand we have tried to inculcate the view into
the teaching of our graduate students and undergraduates in our
lab. We have tried to make it clear to them that an instrument is
almost a sacred thing. This is the thing that you are going to do
your job with if you do an experimental thesis. You have to have it.
You have to treat it right because you are not going to get another
one tomorrow.

So, my experience in general has been that students will respond
to that. I am sure you know. I do not think it is quite fair for you
to generalize-- -

Dr. McCurrrocx. May I make a statement?
Dr. FOWLER. Please.
Dr. McCubrrocx. I am not generalizing. In the field of biology

there are many, many instruments used at all levels. It is not as
precious to have everything just so in many of the instruments, as
in your line. You cannot work unless your instruments are work-
ing right.

You can work with a microscope, for instance, that has a little
bit. of dirt on it, not too much. You see what I mean?

Dr. FOWLER. Yes.
Dr. McCurrrocx. There are various grades. In the area in which

I am involved, these grades show up. It is not too important until it
gets very bad. So, in your line it is very different from my line.

I am thinking about just ordinary small instrumentations that
are expensive and they can be misused very fast.

Mr. FUQUA. Mr. Dymally, do you have a question?
Mr. DYMALLY. Thank you. I just wanted to make a couple of ob-

servations. Of the four laureates, three come from California, and
of the five who received the prizes here, three were foreign born.
As a foreign born, I am really proud of that fact.

Given the kind of bigotry that creeps in legislation dealing with
immigration, I think we ought to be proud of the fact that of the
103, 30 are foreign born living in America. That, to me, is a source
of great pride. We ought to keep that in mind when we get up tight
about undocumented workers taking people's jobs and all of these
generalizations about foreigners. So, that is of interest to me.

Dr. Fowler, under the master plan for higher education in Cali-
fornia, your institute has a monopoly on research, and it would do
well for you to send a ,:py of your testimony to Assemblywoman
Hughes, chair of the Assembly Committee on Education, and Sena-
tor Hart, chair of the Senate Committee on Education, about un-
dergraduate research because no other institution fights to monop-
olize research as the University of California, in the legislature.

Dr. FOWLER. Mr. Dymally, I am from Cal Tech.
Mr. DYMALLY I am sorry, I blew that. Yes. I should really direct

this to Dr. Debreu, that is what I really intended to say.
So the university, I believe, should really permit the state col-

leges to receive some of these research funds. A good example, the
State University System in California dominates the training of
teachers and yet, they get very little research money for teacher
training. The University of California no longer wants to handle
teacher training and they get all the research money.

But still, Dr. Fowler, I think it is in your testimonythose two
personsbecause undergraduate research is very important and
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we have been, my staff, has been trying to get the NSF to give re-
search money to the undergraduate schools, and they should
thinking about the community colleges also in some specialized
areas.

Thank you very much, Mr. Chairman.
Mr. FUQUA. Thank you, Mr. Dymally. Mr. Boehlert.
Mr. BOEHLERT. Thank you, Mr. Chairman.
Dr. Fowler, one of your distinguished colleagues and a Nobel

Laureate Hulse lf, Dr. Kenneth Wilson, pointed out last year in tes-
timony before the committee that the graduate student, the typical
graduate student, in the United Kingdom, France, Germany, and
Japan, has access to the latest in computer technology. Yet he, a
Nobel Prize winner, a national asset here in America, does not
have that same access.

We spend a good deal of time talking about the need for more
funding for supercomputers for our university research centers. I
would like to have your comment on the need and some sugges-
tions on direction on which we should proceed.

Dr. FOWLER. Well, Kenneth Wilson sat in my classrooms about
30 years ago and he did not listen to what I told him. [Laughter.]

But he is a lot smarter than I am. I am not much of a computer
buff. But it is perfectly true that in our universitiesand I think
Henry and Gerard will agree with mewe had to bootleg computer
facilities. We never funded in a proper way, in the early days, the
computer. facilities in universities whereas one of the things that
was done in Europe was to go the other way. They installed rather
more computer facilities than I would have thought were neces-
sary.

For example, for years in our laboratory we had a telephone line
to the big computer in Berkeley and we essentially had to work at
night and on the weekends in order to use that big computer.

Now, that is changing and not in the way that Ken Wilson
wants. But practically every laboratory now has a VAX, and in
fact there must be about 20 VAX at Cal Tech at the present time.

The old idea of the centralized computer system has not worked
out all that well. But now there is a new generation, the super-
computers, which are going to have to be done, I take it, on a na-
tional scale and made available to everybody.

I was quite serious when I said that About young Wilson, and his
father was a colleague of mine, Paul Wilson. So, one has tc be a
little careful. Computers are necessary, and they are expensive.

But to get back to my pitch, instrumentation in the laboratory is
necessary, otherwise you do not need a computerwell, that is not
true either because you can do a lot of theory with computer nowa-
days. But if you are going to do experimental science you have to
have instrumentation and computers. Then, when you get into
these fancy things that are needed nowadays, unfortunately, sci-
ence is getting, at least physics, is getting tough. It is tougher and
tougher. That is why we have to have these enormous computer fa-
cilities because the easy problems have been solved. So, the hard
ones take, as Wilson said, supercomputers.

But you have to balance that against the other needs, I would
say.

Mr. BOEHLERT. Thank you very much.
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One further question. I am concerned We have just gone
through, in the State of New York, a great debate about adequacy
of science and math education at the second try level. Essentially, I
think, we have sort of backed down instead of moved forward.

Do you think we are challenging sufficiently the young people at
the secondary. level in the area of math and sciences, and should
we not be requiring a good deal more than we are? The typical re-
sponse is that we are taxing them too much. I du not share that
view, but I would rather have your informed view, the panelists.

Dr. FOWLER On the math I would like to hear Dr. Debreu.
Dr. DERREU. Yes; science education in this country obviously

raises critical questions. I do think that studen re not sufficient-
ly challenged.

There is the problem of the insufficient umber of qualified
teachers in high schools. So, on both countsThthink that there is a
great deal to be done. There is a great pa aclox, a culture that is-
becoming me .e and more scientific while the-Science education pro-
grams in high schools are not following pace with the development
of science.

Mr. BOEHLERT. Then, you must be pleased with this committee's
action last year to provide $425 million for upgrading math and sci-
ence and foreign-language education at the secondary level.

Dr. DERRELL Certainly.
Mr. BOEHLERT. Thank you.
Thank you, Mr. Chairman.
Mr. FUQUA. The bells now indicate we do have a rollcall vote

going on on the floor. We will take a short recess and be right
back. Mr. Gore will be back in a few moments and resume the
meeting. The rest of us will get back as soon as we can get back.

So, the committee will stand in short recess.
[Recess.]
Mr. GORF [presiding). If we could start back up again. The com-

mittee will come back to order. Chairman Fuqua is over voting an .1
will return shortly. He asked me to reconvene the hearing so as to'
make the best use of this valuable opportunity to exchange ideas
with such a distinguished panel.

I would like to personally express my thanks to the four of you
for. coming here. Such a distinguished group really honors the com-
mittee and we are delighted to have a chance to hear from you.

Since most of my colleagues are also voting at the time, I
thought I would take this opportunity to ask a few questions
myself.

Dr. McClintock, it took almost 30 years for the scientific estab-
lishment generally to appreciate and recognize your discoveries.
Why do you think that was?

Dr. MCCLINTOCK. We were not ready for it.
Mr. GORE. Pardon me?
Dr. McCumrocx. We were not ready for such a drastic change.

You are all aware of genetic engineering at the present time. We
have come a tong way since those days. We did not know what a
gene was. There were lots of guesses, but it could not be DNA. It
had to be a protein because that is the only thing we knew that
was complex.
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Also, we had the idea at that timeand I do not know why it
was so strongly feltbut it was a preconceived notion, a tacit as-
sumption, that the gene home could not change. I do not know why
these things happened, but they happened all along the line, it
does not make any difference which subject it is, this type of thing
will come up.

When the person has a tested assumption, even if you could give
them the best kinds of information and support for q particular
end result, a particular conclusion that seems inescapable, we are
unable to pass even the first part of it, the first demonstration. The
tested assumption, the words you use mean something very differ-
ent.

So, I had a very pleasant time being left alone. [Laughter.]
Mr. GORE. Well, that is great. I appreciate that response. Your

discoveries then, really took place well before the groundwork was
in place for the rest of science to understand the significance of
what you had discovered.

Dr. Meanwroca. Well, it all comes by, you do an experiment,
and you get a very strange, unexpected answer. It leads you into a
certain direction of trying to find that you knew something was
very strange, very important. You stopped everything else and
worked on it, because it was so important in your own mind.

Mr. GORE. Yes.
Dr. McCurrocx. It makes no difference, you cannot stop a

pc son who is quite convinced that this is going in the right direc-
tion, and it kept going in the right direction.

So. I think that happens in all sciences, that you meet something
unexpected. It gives you a notion ofeven if it is radicalthat
something very different is going on. You cannot stop yourself from
working on it.

Mx. GORE. Very interesting.
Let me ask a more general question of the panel. It is expected

that the number of students entering colleges is going to level off
and could even decline according to some projections. For many
universities this may mean that they cannot, because they already
have a large tenured faculty, cannot hire new, young professors.

What is your view of this issue, and what do you think could be
done about it? Whoever wishes to, respond.

Dr. McCuisrroca. I think we have to define our goals of what we
are after. That is, how many students should we have and what
areas should they be in? I think that just to expand and expand or,
even in Mist way we should, focus the students' attentionfor in-
stance, in biology many of the people who get into graduate work
have not had any courses. .

They start in biology with the M.A. I think somehow or other
some change has to occur in the orientation in the high schools and
certainly the colleges.

Mr. Goat. Yes.
Dr. McCursrrocx. I have the feeling that we are a little out of

focus.
Mr. GORE. Dr. Fowler.
Dr. FOWLER. Well, the problem of us old boys holding onto jobs is

a very serious one. I have actually retired and Cal Tech policy is
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you retire completely at the age of 70; at 68, you go on half retire-
ment and get half salary. -

But the solution that my institution, Cal Tech, has found is to
establish an attractive program of voluntary retirement. Although
we have lost some really very good people, who have taken advan-
tage of that voluntary retirement scheme at the age of 62 rather
than waiting until 68 or 70, nonetheless, on the whole it has been a
very good thing because for every old college professor, full profes-
sor, when he retires you can hire two young assistant professors
nowadays. One of them may not be quite the equal of the old boy,
but two of them are a lot better, I can tell you that.

So, I do not know whether the Congress can help in any way, but
universities should be encouraged to offer voluntary retirement
schemes. That would certainly be one solution of this problem.

Whether we get more students or less, there is the other prob-
lem. I mean, we are all living so long and able to be active and
productive, right?

I mean, look at us. Henry, are you the junior member here?
Dr. TAUBE. Gerard. Fowler. Gerard, are you the junior member?
So, there are very serious problems and the way to do it is to

help the universities to encourage voluntary retirement, not to
make laws like some Senator from some Southern State wants to
make, that you cannot retire people until they arewhat is his age
limit now? That is dreadful, just dreadful.

Mr. GORE. Dr. Debreu.
Dr. DEBREU. I would like to make a comment about another

aspect of the shortfall of universities. Universities and foundations
have benefited greatly from the tax treatment of gifts, and I know
this is under discussion. If tax laws were changed in such a way
that those gifts no longer enjoy the privilege that they now enjoy,
the effects on universities would be very profound and negative.

That is something about which we should seriously worry for the
future.

Mr. GORE. Dr. Taube.
Dr. TAUBE. I wanted to point out that there is sort of a built-in

stability of inertia in universities; and I will illustrate that with
the example taken from my department-

Enrollment in freshman chemistry tripled a few years after
about 1960, and the department tried very hard to get additional
so-called fluff approved. It fin-ally has been approved in 1983, and
this gives you an idea of how a university will respond to those
fluctuations in population. It really is a reflection of the stability
that the tenure system affords.

So, if this decline that you mentioned lasts only for a few years,/
we will simply ride over it. I do not think it will make any real
difference at the university level. The places that are much more
sensitive are farther down, community colleges, high schools, and
so on.

Mr. GORE. We have had this remarkable achievement with all of
the science prizes going to Americans this year. It happened in
1976. In 19d3, it happened, and, in 1976, it happened as well.,In the
intervening years, American scientists have won a very large
number of the prizes.
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But it is often noted that the worl. for which the Nobel is award-
ed has often been done anywhere from 10 to 40 years in the past.

Is that true of all four panelists here? I know, Dr. McClintock,
your work was dine 30 years ago, the work recognized with the
Nobel.

Dr. Taube.
Dr. TAUBEI Mine started at the University of Chicago, I would

say, about 1950. It was given for, I think, an accumulation over the
years.

Mr. GORE. Yes; of course.
Dr. TAUBE. And the way it is justified is, the work is beginning to

be appreciated as of this time.
Mr. GORE. Yes. And the same is true?
Dr. Fowm. Well, I have been working in the same business for

50 years. I went to Cal Tech as a graduate student in 1933, al-
though I did not really start specific work iq the area for which the
prize was given until about 1939.

It is true that some of the early developmentsas in Henry's
case and Barbara's case, and I suppose in your case, toowere rec-
ognized. Nonetheless, I think all of us are in a field in which there
is a great deal of activity now. In fact, in my caseto be frank
with youI was told that the fact that the space program has
shown as many of the ideas that my colleagues and I have had,
have been verified, recently.

You see, in space you can see a lot morg If the spectrum :Ian
you can from the ground. I mean, x-ray and gamma-ray astiororw,
in particular, have corroborated much of what we have been tal-
ing about all these years.

So, it is the general recognition of the validity that you have
been working on that I think the Nobel Prize Committee recog-
nizes.

Dr. DEBREU.* Yes; in my case also the work I have done has
tended over several decades, but the initial impetus was given in
the early 1950's. Specifically, what the 'Nobel citation recognizes is
that early work.

Mr. GORE. Yes.
Dr. DERRELL I should point out there that Alfred Nobel's will

specifies that the prize should go to achievements obtained in the
last year. So, all out prizes are m'contradiction of Nobel's will and
probably invalid in a court of law. [Laughter.]

Mr. GORE. How injudicious of you to note that fact. [Laughter.]
Dr. FOWLER. He did not say he was going to give the money back.

[Laughter.]
Mr. GORE. Well, the point that I was going to make, which may

not be vglid at all, that sometimes you hear Americans say, "Well,
we must be giving adequate support to science, because we keep
winning all the Nobels. It is true that American science is vital
and,alive and energetic, and has world leadership.

But it is also true that we cannot use the Nobels as a truly accu-
rate indicator of our current leadership in the scientific field be-
cause the burst of activity in the decades following World War II
was largely responsible for the inquiries that you all began and
perfected during your careers, and which has only recently become
recognized as deserving of this high honor.
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The work now going on in other countries may or may not be
equal to or better than the work going on now in the United
States. But the current Nobel Prizes are not a fully accurate meas-
ure of that standing.

Well, those are all the questions that I have, Mr. Chairman, and
I want to turn the podium back over to you.

Mr. FUQUA. Mr. Lewis.
Mr. LEWIS. Thank you,.Mr. Chairman.
I want all of you to know, and particularly Dr. Fowler and Dr.

Taube, that I certainly shale yotir concern with instrumentation,
and you certainly hive a supporter here, having been in research
and development for 17 rears, trying to do combustion analysis on
rocket and jet engines without a mass spec certainly creates many,
many problems.

It is true that we did sweep the scientific field this year with the
Nobel Prizes. I am concerned with not only this year, but I am con-
cerned with 10 yearki down the pike, and maybe even 20.

; This committee has passed legislation, as Mr. Btiehlert from New
York mentioned to you, on science and math, and it ts in the
Senate, I believe we have to, in Congress, to some exte , establish
the atthos phere for additional science and math instru rs.

But what I am concerned about and would like to hear from you
for the record is this. How are we going to continue to move our
youngei students into these fields? What kind of character do we
have to nut out there? t kind or recruiting do we have to do for
continue so we will remain o. 1 in science and maintain the
strength' through the years?

Dr. TAURE. I can respond to that in part. This is a very difficult
problem. I have four children, they are all bright. None is a scien-
tist. Most do not even care about science.

Mr. LEWIS. Could you get just a Ilitgle bit closer to the mike,
Doctor?

Dr. TAUSE. I mentioned that I have four children. They are all
bright. None is interested in science. So, obviously I do not even
,know how to do it in my own home. [Laughter.]

But one of the things that I am sure about is that it needs well-
. trained teachers who understand the subject, and teachers at an

early stage because teachers can so easily turn the young away
from science rather than interest them in it.

You mentioned that you are going to spend a lot more money in
- New York State for improvements of science and math education. I

am curious about what form this support will take. To me the es-
sential thing is to get good people into teaching and people who
like to teach..

In order to do that, you have to pay them enough so that other
people who give greater awards do not compete for their services.

Mr. LEWIS. I see. Dr. Fowler, do you have any words of wisdom
you could apply?

Dr. FOWLER. Well, I do not know how wise they are, sir. I go back
to what I referred to in my testimony, that we somehow or other
have to train people who are going to teach the sciences even at
the grammar school level. We have to somehow or other get across
to them what science is really like.
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What it amounts to is that we really have to change the imatte of
the scientist that most American people have. They tend to ink
of us all as Einsteins. That is what you do when you are a scientist,
you dream up deep, fundamental ideas.

That is not the war science is for most of us. It is true, it was
that way for Albert Einstein, he was a very great man. But science,
especially experimental science, can be a lot of hard, grubby work.
But it can be intellectually satisfying.

It is that intellectual satisfaction, completely independent of any
ieconomic benefits that you may eventually get out of it, that is im-

portant to get across, plus the idea, as I quite frequently say, the
work that a physicist does in the laboratory is much more similar-
to the work of a workman than it is to the work of an office'
worker.

I mean, that has to be made clear that we are not all eggheads of
longhairs, that:there are people actually working and working
hard in the laboratory to find out the things which we considr r im-
portant in the sciences.

I think it is very essential, as I said, that anyone who is going-to
be teaching science somehow or other have some experience with
what on-going science is like. There is no point to telling them
about what science was like in the 1800's. ou have to bring the
teachers of todayeither in grammar schools or in high schools
you have to make them acquainted with what science is really like,
and, it chaAges all the time. It changes all the tiMe.

How to do that is a very difficult problem. How far does the Fed-
eral Governmeht go in regard to school and high school
education? That is the problem the States, in generaL But the
States just are not doing a good job, there is no question about it in
my mind.

The Federal Government pays the price for this because eventu-
ally, when these youngsters come into the schools that the Federal
Government supports through programs, a lot of that money has to
go essentially to retraining them and teaching them what it is all
about.

So, there are very serious problems. Let me just say, we in sci-
ence in the United States, in my lifetime, have been the luckiest
people in the world. We have been supported very, very generously
by the American people, let me make no bones about that.

All that we are talking aboutat least all that I am
aboutthis morning is a little bit of fine tuning on how it is one.
We have to say that there has never beennow, I know, Bar
you would not take itbut if my laboratory had not had 1`,.
funding we would not have had all of the graduate studen and
postdocs that we had, in addition to-doing what we did.

We have been Vety fortunate, genthIlken. It is just the point, I
mean, you have to sheep chaliging. You have to be aware of What
thee new problems are, I think that is our job in communicating to
you and that is why Henry and I jump up and down so mucji about
the instrumentation problem because it is still not completely
solved, at least so far as I am concerned.

Mr. Lewis. Dr. Debreu.
Dr. DEBREU. Usually I agree with Dr. Fowler, but I disagree on

this point. I think that mathematics of the numbers I have quoted,
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and economics have not been treated as well as physics in the
recent time.

Mr. Lzwis. Dr. McClintock.
Dr. McCusrrocu. It seems to me thit science has expanded, has

enlarged so many fields in so many parts. How are we going to
treat it with a student of high school level? How are we going to
get across a background?

What you need is more or less a backround, but it must be
something that the student understands. With so many different
fields now for them to know about, I do not know how they are
going to choose or how they are going to be exposed to it.

What we have now is difficulties because of this. There is no easy
way of handling all of the fields that maybe they would like to
know about, and neglecting the other fields that one has to have in
high school. I think it is a very difficult problem that we have not,
.probably, faced.

Mr. LEWLS. Would you all agree that by passing legislatior that
would allow sufficient funds to provide additional educed= for
continuing education for '-udents at the college level or even in-
structors to go into graduate degrees in science and-mat ia would be
a plus. And if the Congress passed legislation to do this, It would be
a plus la helping to build up that pool of scientists that we need 10
to 20 years down the pike? Anyone.

Dr. TAUBE. I think one has to realize that with an infusion of
funds like this the response timeyou mentioned itit is very,
long.

I think it is more important to look to the future. I do not know
how this can be arranged, but I think it is important to pay teach-
ers enough so that you attract some of the very best. It is not
enough to sort of retread people that are here nowI am not
saying tha.. all of them are bad. I think the important thing is to
look more to the future and arrange things so that you get the best
kinds of people going into teaching.

Dr. FOWLER. Well, Henry, yi-,u are not talking about university
teachers.

Dr. TAUBE. No, no, I am talking about
Dr. FOWLER. Because we are overpaid if anything.
Dr. TAUBE. Well, all right. I am talking about elementary school

and high school.
Dr. FOWLER. Yes; but there is a very fundamental problem in the

United States; namely, elementary and high school teaching has
been in the province of faith and the local communities. In many
ways, that is a very good thing; it is very fundamental to bur socie-
ty that it be dam, that way.

But, boy, wf%n you see ale salaries that the high schobl teachers,
even in a pla^ like Pasadena, CA, are receiving compared to the
salaries of an ass:stant professor at Cal Tech, if is just criminal, in
my book, it is just criminal.

It is because CAA Tech car go to the Federal Government and
they can pay the professors' salaries partly out of the grant funds,
about 35 ,percent now. The high schools and grammar schools of
Pasadena cannot go to the Federal Government' and California
does not have a property tax any longer. So, there are no funds
from that source as there used to be.
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So, there are really critical problems in the United States. I
agree with yo.. that mathematics has not been supported as well,
but that t coaside the tuning of the problem, that mathematics
should be given more than it has in the past because it is a very
integral pan of the whole business.

But back in the grade schools it is really serious for this country.
How we can do anything without changing our whole system of
supporting the public schools is a very real problem.

Mr. LEWIS. Thank you.
Thank you, Mr. Chairman.
Mr. FUQUA. Thank you, Mr. Lewis. I just want to ask Mr. Volk-

mer who has some very good news that you might be interested in.
Mr. VOLKMER. I would just like to say, Dr. Fowler, as one of

thoseand I am sure the vast majority of this committee; has been
listening to your cry and others' cry for need for instrumentation
on the university levelthat next week when the Space Science
and Applications Subcommittee takes up markup on NASA reau-
thorization, we planat least I do, and I think the subcommittee,
hopefully, will go along with itto provide specific funds for in-
strumentation in the research-analysis part of the NASA budget,
which will follow along basically what has been done in DOD, NSF,
and others,

So, we are trying to do our best.
Mr. FUQUA. Let me thank all of our distinguished laureates for

being here this morning, sharing your views. It has been very help-
ful to us.

I think, Dr. Fowler, that you will see some positive action in
some of the recommendations that you specifically made.

Dr. Debreu, we understand the problem you are speaking of in
mathematics, and I think we have seen an effort by this-committee
to try to reinforce that commitment, maybe not enough, but we are
still, as Dr. Fowler said, trying to fine tune and to accomplish that.

To all of you, we thank you very much. Congratulations. We are
very proud of you and we are proud to have people of your caliber
before our committee to give us the benefit of your thoughts on
matters that are very important to us and we are very concerned
with.

Thank you very much.
I would like to recognize Mr. Gore for submission of a report

from the Subcommittee on Investigation a'. 1 Oversight on structur-
al failures in building facilities. Mr. Gore.

Mr. GORE. Thank you very much, Mr. Chairman. I will not be
lengthy on this. I want to ask for approval of the subcommittee's
report entitled, "Structural Failures in Public Facilities.",

Mr. FUQUA. Is there objection? The Chair hears none.
(The document follows:]
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I am pleased to transmit to you a report prepared by the investigations

and Oversight Subcommittee entitled, "Structural Failures in Public

facilities".

The report discusses the findings and recommendations from the Subcom-
mittee's extensive Investigation of structural failures In public
buildings, dams, and bridges in the United States and draws upon Sub-

committee hearings held in August 1982, survey of the construction

Industry conducted by the Subcommittee. end the Subcommittee's ongoing

review.

The review was undertaken by the Sabonialtrie because of a concern
about the apparent increase In the nemb; o structural failures
reported in the media, failures such as the which took place at the
myett Regency Hotel in )(eases C.tv, Missouri, in July 1981 and the

Hartford Civic Canto' In Hartfo'd Connecticut in January 1978.

The Subcommittee dia not seek to assess blame in the use Of any
particular failure, ,f rather to identify common problems associated

with such failure. )7e efloinetion of which could decrease the number

of failures ubcommittoes review identified six significant

factors (and , factors of lessor Importance) which, in the

opinio" of the Subcommittee, contributed most significantly to the

occurr,... a of a structural failure. The sex factors are:

communications and organization in the construction Industry;

inspection construction by the structural engineer;

general Quality Of design;

connection design details and shop drawings;

selection of architects and engineers; and

timely dIssemlnation of technical data.

a
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In generl, fhe Subccemittee revmmendations are designed to institute
checks in the building process on the creation of errors that lead to
structural tailors,. The Subcoomittee has rocomeended a variety of
actions that the building Industry end professional societies can
undertake without the necessity of government action, steps such as
the establishment of peer review procedures. development of guide-
lines, and institution of quality control criteria. The Subcommittee
also recommended certain actions by state end local governments.

The principal recommendation addressed to the federal Government calls
for the creation, within tno National Bureau of Standards. ot'a na-
tional Investigative body to obtain and disseminate Information on
structural failures. This body would be modeled on the widely re-
spected and successful National Transportation Safety Board and repre-
sent a reorganization and small enhancement of some of the activities
already performed by the National Bureau of Standards. Combined with
the cooperative efforts of private Industry, the Subcommittee's recom-
mendations could help prevent the causes of many structural failures.

I would like to express my appreciation to the many people in the
design, fabrication. and construction industries, who are identified
in the report end who cooperated and assisted the Subcommittee staff
In developing the hearings, questionnaire, and report, end to Ronald
wisliams, Technical Consultant, who assisted the Subcosisittee staff in
preparation of the hearings, questionnaire, and report.

Sincerely.

Albert Gore, Jr. /41
Chairman
Subcommittee on investigations
and Oversight

COPY AVAILAILI

72



69

Mr. GORE. I would like to particularly commend Mr, Winn, the
ranking minority member of the full committee, for his active par-
ticipation and assistance during this investigation.

It has lasted over two Congresses. We had a hearing in August
1982 and, with the able assistance of Ron Williams of the full com-
mittee staff, we have continued that investigation. The recommen-
dations, I think, speak for themselves, and I would ask that it be
approved.

Mr. FUQUA. Without objection, the report is approved.
Mr. GORE. Thank you.
Mr. FUQUA. Without objection, there will be 3 days, until Tues-

day at the close of business, for any minority, dissenting, or addi-
tional views.

Mr. GORE. I would also ask unanimous consent that the staff be
allowed to make technical amendments to the report, and we will
consult with the minority on those.

Mr. FUQUA. Without objection.
Mr. GORE. Thank you.
Mr. FUQUA. The committee stands adjourned.
[Whereupon, at 11:44 a.m., the committee adjourned, to recon-

vene subject to the call of the Chair.]
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