THE WHITE HOUSE

WASHINGTON

November 24, 1993

MEMORANDUM FOR CAROL H. RASCO
ASSISTANT TO THE PRESIDENT FOR
DOMESTIC POLICY

FROM:  JOHN H. GIBBONJ#4—
ASSISTANT TO TI¥E| PRESIDENT FOR SCIENCE AND TECHNOLOGY

SUBJECT: TABLIS \ ND IMMEDIATE PLANS FOR NATIONAL
SCIENCE AND TECHNOLOGY COUNCIL

On November 23, the President signed the Executive Order (attached) establishing the
National Science and Technology Council (NSTC), which will help identify clear national
goals for federal science and technol{;gy investments and ensure science, space, and
technology policies and programs are developed and implemented to effectively contribute to
those goals. Your active participation in the NSTC will be essential to its success.

The NSTC has critical issues to address, and the President will convene our first
meeting as soon as his schedule permits. One of our first tasks will be to agree upon a
mechanism for developing information on agency R&D budgets that ensures an integrated
investment package and provides productive input to OMB's processes. Planning for the
Fiscal Year 1996 budget officially begins in January, and my objective is to schedule a
meeting contemporaneous with the earliest stages of that process.

The President also signed an [Executive Order (attached) that reestablishes the
President's Committee of Advisors on Science and Technology (PCAST), to be comprised of
outstanding individuals from the out‘snde the federal government. We expect the NSTC and
PCAST (once appointed) will work closely together in the coming months.

I believe establishment of the NSTC and the PCAST represent important steps forward
in cross-government coordination of] science and technology policies and programs and in
more effective public-private relations. The President has strongly endorsed the view that
investing in science and technology fis investing in America's future, and our challenge is to
leverage the federal government's investments for greatest effect. I look forward to working
with you to meet that challenge.
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T]"{E WHITE HOUSE
Of]ﬁce of Media Affairs

!

FOR IMMEDIATE RELEASE November 23, 1993

STATEMENT OF THE PRESIDENT

Science and technology are essential tools for achieving this Administration's goals:
for strengthening the economy, creatmig high quality jobs, protecting the environment,
improving our health care and educanon systems, and maintaining our national security. This
- country must sustain world leadership 1 in science, mathematics, and engineering if we are to
meet the challenges of today . . . and of tomorrow. '

Investing in science and technology is investing in America's future. And at a time
when we are imposing strict limits on government spending in ordet to reduce our federal
budget deficit, we must ensure that taxpayers receive the maximum benefit for their
investments. During the campaign and in my first days in office, I committed to reorganize
.and strengthen the White House science and technology function in order to implement my
science and technology agenda. Today' I am announcing two actions that fulfill that
commitment. : :

_ | ,

First, I am implementing a key recommendation of the National Performance Review:
by establishing a cabinet-level Natlonall Science and Technology Council to coordinate .
science, space, and technology policies lthroughout the Federal Government. The National
Science and Technology Council (NSTC), which I will chair, will include the Vice President;
the Assistant to the President for Science and Technology; the Cabinet Secretaries and agency
heads with responsibility for sngmﬁcant science and technology programs; and other key

White House Officials.

|

The principal purposes of the NSTC will be to establish clear national goals for federal
science and technology investments and to ensure that science, space, and technology policies
and programs are developed and lmplemented to effectively contribute to those national goals.
Our most important measure of success}wﬂl be our ability to make a difference in the lives of
the American people. We must use this new Council to harness science and technology to
improve our quality of life and the Nation's long-term economic strength.

One of the most critical tasks I expect the NSTC to undertake is an across-the- board
review of federal spending on research and development. The Council will prepare
coordinated R&D budget recommendations for accomplishing national objectives in areas
ranging from information technologies to health research, from improving transportation to
strengthening fundamental research and | international science and technology programs.

(more)
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Statement of the President

These recommendations will focus on broad national goals rather than agency
missions. The Council will work w1th! the Office of Management and Budget to coordinate
the efforts of all federal agencies in workmg to achieve these goals, and will oversee
important science and technology initiatives such as the Clean Car initiative I announced in

September.
‘ [ _ L

We are streamlining White House operations with this move. Establishing a single, -
strengthened science and technology p'olicy council within the White House will significantly
improve decision making by consohdanng and elevating functions previously carried out by a
. number of separate interagency councxls including the Federal Coordinating Council for
Science, Engineering, and Technolegy,’ the National Space Council, and the National Critical
Materlals Council. : ~

Private sector mvolvement with the NSTC will be essentlal to developmg successful
science and technology policies that help American businesses achieve sustainable growth and
create high quality jobs, as well as to ﬁ'iamtammg our academic and research institutions'
world leadership in science, engineering, and mathematics. To ensure that federal science and
technology policies are reflective of our nation's needs, today I am also establishing a private
sector President's Committee of Advislors on Science and Technology (PCAST).

I will appoint to the Comnmittee distinguished individuals from industry, education and
research institutions, nongovernmental 1organizations, and other sources, including state and
local government. My Administration has premised many of its plans for national
revitalization on the concept of public/;‘)rivate partnerships, and my goal for this Committee is
to help encourage those partnerships. I will enlist the members' service in estabhshmg the
links to the private sector necessary to help guide federal investments in science and

technology toward natxonal goals.

Durmg the campangn the Vice President and I declared that U.S. scientific and
technological leadership are national pnormes The actions taken by this Administration, for
example the National Information Infra!structure initiative, the Clean Car initiative, the
Technology Reinvestment Project, and the continued support of fundamental science research,
bear witness to this conviction. I believe the National Science and Technology Council,
working in close cooperation with the President's Committee of Advisors on Science and
Technology, will ensure that we sustain| and improve our record in these areas so critical to
the Nation's health, well being, and economic competitiveness. '

#Hi




FACT SHEET

NATIONAL SCIENICE AND TECHNOLOGY COUNCIL
On November 23, 1993, President Clirlxton established by executive order a cabinet-level
National Science and Technology Council (NSTC) to coordinate science, space, and

technology policies throughout the federal government.

Membership on the Council, which will be chaired by the President, will include the Vice

- President; the Assistant to the Presxden't for Science and Technology; the Secretary of
Commerce; the Secretary of Defense; the Secretary of Energy; the Secretary of Health and
Human Services; the Secretary of Staté, the Secretary of Interior; the Administrator of the
National Aeronautics and Space Admiqistration; the Director of the National Science A
Foundation; the Administrator of the Environmental Protection Agency; the Director of the
Office of Management and Budget; thé National Security Adviser; the Assistant to the
Presndent for Economic Policy; and the Assnstant to the President for Domestic Policy.
Establishing the NSTC fulfills a key recommendation of the National Performance Review to
strengthen and streamline the White H(')use science and technology policy function. The
NSTC will consolidate the respon51b1]mes previously carried out by a number of interagency
councils, including the Federal Coordinating Council for Science, Engineering, and
Technology; the National Space Councill; and the National Critical Materials Council.

The major functions of the NSTC will li)e to coordinate the interagency science and
technology policy-making process, and to implement and integrate the President's science and
technology policy agenda across the federal government. The NSTC will also ensure that
science and technology issues are consm[ered in the development and lmplementanon of
federal policies and programs, and will further mtematxonal cooperation in science and

technology.

An important objective of the NSTC is Eto establish clear national goals for federal science and
technology investments and to ensure that science, space, and technology policies and
programs are developed and implementéd to effectively contribute to those national goals. To
prepare coordinated R&D strategies and| budget recommendations for accomplishing national
goals, the NSTC will establish the following R&D coordinating committees:

- Health, Safety, and Food R&D

. Fundamental Science and Engineering Research

. Information and Commumcatlon R&D

. Environment and Natural IResources Research

. - Civilian Industrial Techno}logy R&D

*  Education and Training R&D

«  Transportation R&D f

. National Security R&D

. International Science, Engineering, and Technology R&D

Ad hoc working groups will also be established as needed to review and coordinate
specific policies and initiatives.



FACT SHEET
PRESIDENT'S COMMITTEE OF ADVISORS ON SCIENCE AND TECHNOLOGY

On November 23, 1993 President Clmton establlshed by executive order the President's
Committee of Advisors on Science ar}d Technology (PCAST), to serve as a private sector
advisory group for the President and Ifor the National Science and Technology Council.

The members of the Committee will l;)e appointed by the President, and will include up to 15
distinguished individuals from non—feaeral sectors, drawn from industry, education and
research institutions, nongovemmental organizations, and other sources, including state and
local government. The Assistant to the President for Science and Technology, Dr. John H.
Gibbons will co-chair the Committee with a private sector member selected by the President.

The Committee will advise the President on science and technology issues, and assist the
National Science and Technology Council in securing private sector involvement in its .

activities.




K3

EXECUTIVE ORDER
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ESTABLISHMENT |OF THE NATIONAL SCIENCE AND TECHNCLOGY COUNCIL

By the authority vested in me as President by the

constitution an? the laws of the United States of America,

including secti%n 301 of title 3, United-states.Code, it is

hereby ordered és follows:

Section 1.| Establishmepnt. There is established the

National Sclence and Technology Council (“the Council®).

Sec.

(a)
(b)
(c)
(d)
(e)
(£)
(9)
(h)
(1)

(3)
(k)

(1)

(m)
(n)
‘(9)
(p)

(q)

Sec.

2. ﬁgggggggip. The Council shall compriée the:
Presiéent, who shall serve as Chairman of the Council;
Vice President; -

Seéretary of Commerce;

Secretary of Defense;

Secre?ary«of Enerqgy;

Secreéary of Health and Human Servicés;

Secre?ary of State;

Secreﬁary of the Interior:

Administrator, National Aeronautics and Space
Administfétion; ‘

Director, National Science Foundation;

Direcéor of the Office of Management and Budget;
Admin%strator, Environmental Protection Agency;
Assis%ant to the President for Science and Teéhnology;
Natio?al Security Adviser; ﬂ

Assistant to the President for Economic Policy;
Assistant to the President fof Domestic Policy; énd
Such other officials of executive depariménts and
agencies as the President may, from time to timé,

designaté.

3. HFetinqs of the Council. The President or, upon

] : V
his direction, the Assistant to the President for Sclence and

Teéhnology ("the Assistant"), may convene meetings of the
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Ccouncil. The P&esident shall preside over the meetings of the
Council, proviJé& that in his absence the Vice President, and
in his absence the Assistant, will preside.

Sec. 4. Functions. (a) The principal functions of the
Council are, tJ the extent permitted by law: (1) tq coordinate
the science anditechnology po&icyﬁmakin§ process; (2) to ensure
science and technology policy decisions and programs aie
consistent with the‘President's stated goals; (3} to help
integrate the President’s science and technology policy -agenda

across the Federal Government; (4} to ensure science and

technology are considered in development and implementation of

Federal pclicief and programs; and (5} to further international
cooperation in écience and technology. The Assistant may take
such actions, ipclqding drafting a Charter, as may be necessarj
or appropriate #o implement such functions.

(b) All e%ecutive departments and agencies, whether or
not represented|on the Council, shall coofdinate science and
technology policy through the Council and shall share
information on research and development budget requests with
the Cbuncil. V

{c) The Council shall develop for submission to the

Director of the|Office of Management and Budget recommendations

on research and development budgets that reflect national goals.

In.addition, th? Council shall prévide advice to the‘Director of
the Office of M%nagement and Budget concerning the agencies’
research and de%elopment budget submissions.

(d} The Agsistant will, when appropriate, work in
conjunction with the Assistan£ to the President for Economic
Policy, the Assistant to the President for Domestic Polic&,
the Director of the Offiqe of Management and Budget, and the

National Security Adviser.
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Sec. 5. Administration. (a) The Council will oversee
B

the duties of the Federal Coordinating Council for Science,
|

‘Engineering, and Technology, the National Space Council, and

the National Critical Materials Council.

(b} The Council may function through established or ad hoc
committees, task forces, or interagency groups. |

{c) To the extent practicable and permitted by law,
executive departments and agencies shall make resources,
including, but not limited to, personnel, office support,
and printing, a%ailable‘to the Council as requested by the
Assistant. .

{(d) All eéecutive departments and agencies shall cooperate
with the Couhcil and provide such assistance, information, and
advice to the C%uncil as the Council may request, to the extent

permitted by lad.

. "\\‘ ‘)‘ -
(\‘\J \L,:\.&C-L [N \j \ (’ka,.k*\.&v‘{'"(.‘q .
e

THE WHITE HOUSE,

November 23, 1983.
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EXECUTIVE ORDER

[ T TR

PRESIDENT'S CbMMITTEE OF ADVISORS ON SCIENCE AND TECHNOLOGY

By the authority vested in me as ?resident by the
Constitution and the laws of the Uniteg States of America,
including section 301 of title 3, United States Code, and in
order to establish an advisory committee on science and
technology, it is hereby ordered as follows:

Section 1. Establishment. Therg is established the
President's Committee of Advisors on Science and Technology
{("PCAST"). PCAST shall be composed of not more than 16 members,
one of whom shall be the Assistant to [the President for Science
and Technoloéy {"Assistant"), and 15 of whom shall be distin-
guished individuals from the nonfederal sector appointed by the
President. The nonfederal sector members shall be representa-
tive of the diverse perspectives and expertise in this Nation's
investments in science and technology. The Assistant to the
President for Science and Technology shall co-chair PCAST with
a noﬁfederal sector member selected by the President.

‘Sec. 2. Functions. (a) The PCAST shall advise the
President, through the Assistant, on %aﬁters involving science
and technology.

(b) In the performance of its advisory duties, PEAST shall"
assist the National Science ahd Technology Council ("Council')
in securing private sector involvement in its activities.

Sec. 3. Adminis tion. (a) ~T£e heads of executive
departments and agencies shall, to tqa extent permitted by law,
provide PCAST such information with gespect to scientific and
technological matters as required fOﬁ the purpose of carrying
out. its functions.

{b} In consultation with the Assistant to the President
for Science and Technology, PCAST is jauthorized to convene

ad hoc working groups to assist the Council.
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‘(c) Members of PCAST shall serve|without any compensation

for their work on PCAST. HoweVer, members may be allowed
travel expenses, including per diem in|lieu of subsistence, as

authorized by law for persons serving intermittently in the

government service (5 U.S.C. 5701-5707).

(d) Any expenses of PCAST shall Fe paid from the funds

available for the expenses of the Office of Science and

Technology Policy.

(e) The office of Science and Technology Policy shall
provide such administrative services as may be required.

Sec. 4. General. (a) I have determined that the
Committee shall be established in compliance with the Federal
Advisory Committee Act, as amended (5 U.S.C. App.). Notwith-
standing any other Executive order, the functions of the
President under the Federal Advisory Committee Act, as amended,
except that of reporting to the Congress, which are applicable
to PCAST shall be performed by the Ofﬂice of Science and
Technology Policy in accordance with the guidelines and

procedures established by the Administrator of General Services.
(b) PCAST shall terminate 2 yeaJs from the date of this
order unless extended prior to that date.
(c) Executive Orders Nos. 12700, 12768, and Section 2 of

Executive Order No. 12869 are hereby revoked.

1\, LNU (.U,u. - \/J/\ (0 ( \.L‘\,_f.'?\'[_'{_,(. -

e

THE WHITE HOUSE,

November 23, 1993.
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EXECUTIVE O FFICE OF THE PRESIDENT.
B } N B

' 05-Jul-1994 10:20am.’

Y

i

,TO: . Carol H. Rasco | .V 3 I o

FROM: .. . Brian E. Burke | D “ ?
.~ Domestic Policy| Council ‘ - ‘
o ; . .! . -
SUBJECT: - SCIENCE POLICY STATEMENT ' , ‘
- * o R : ' R

o

' On last week Roz called to Enqulre about an OSTP 801ence POllCY
'Statement about.which OSTP had called to get your concurrence.. By aCCLdent
ﬁhey did not send the NSTC de0191on§meorandum to us. ' .

\ Regardlng the substance of Fhe repeort Bill Galston reveiwed several of
. the earlier drafts. His conclus1on was that the report was con51stent with the
-administration's objectives and that the DPC should concur. However, he had not
seen the last draft and his review was not comprehensive.’ On Friday I read and
was fully briefed on the policy statement by OSTP staff. I agree with Bill's
recommendation for concurence as the pollcy statement  is cons1stent with’
administratlon pollcy, including ggals 2000, and it will re01eve bipartlsan
support. : , P :

I recommend that yoOu sxgn the concurrence memarandum. .Idwill forward
‘the report and the conCurrence memorandum to you momentarily. - :
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MEMORANDUM FOR NATIONAL

FROM: JOHN H. GIBBONS

HE WHITE HOUSE

WA"S HINGTON
June 15, 1994

SCIENCE AND TECHNOLOGY COUNCIL (NSTC)

i
ASSISTANT TO THE PRESIDENT FOR SCIENCE AND TECHNOLOGY

SUBJECT:  Science Policy Statement - Science in the National Interest

Enclosed for your review is a Pre31dentxal pohcy statement entitled Science in the National
Interest. The statement has been rcvxcwed by the NSTC Committee on Fundamental Science, the
Office of Management and Budget, and key staff members of the Domestic Policy Councd and the

Council of Economic Advisors.

- Please provide ydur written concurrence/comments by Tuesday, June 21, to this office,
attention: Angela Phillips Diaz, Executive Secretary, NSTC, at (202) 456-6026 (FAX).

The statement is a companion to the Administration's February 1993 statement "Technology
‘for America's Economic Growth wmch proposed three interconnected. strategic goals for science

and technology
L Long term economic growth that creates jobs and protects the environment;
L A government that is more productive and more responsive to the needs of its
citizens;
.. World leadership in bas:c science, mathematics, and engineering.

The first goal was claborated in the February 1993 statement and the second in the Vice President's

"National Performance Review." Thc| third goal is the focus of this science policy statement which

articulates the rationale for long-term mvestmcnt and provides the vision and blueprint for the

" Administration's science policy. The statement elaborates principles and NSTC actions with respect

to five goals:-

®  Maintain leadership across the frontiers of scientific knowledge;
. " Enhance connections between fundamental research and national goals;
. Stimulate parmerships}that' promote investments in fundamental science and
engineering and effective use of physical, human and financial resources;
® - Produce the finest scientists and engineers for the twenty-first century; and
® Raise scientific and teéhnological literacy of all Americans. .

Thank you for your interest in and support of fundamental science education.

Enclosure
CONCURRENCE:
SCM%M

ignature

7/&7/04 . ‘DP(L

Date ] = R Departmem/Agency

bﬂc,
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Science in tl}e National Interest

E
i

{

“This ccll;‘untry must sustain world leadership in
science“, mathematics, and engineering if we are to
meet the challenges of today... and of tomorrow.”

President William J. Clinton
November 23, 1993

i
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Science: The Endle%s Resource

|

merica’s future demands investment in our people, institutions and

ideas. Science is an essential part of that investment, an endless

and sustainable resource with extraordinary dividends. This
investment strategy was clearly articulated |fifty years ago in Vannevar
Bush’s seminal report “Science: The Endless Frontier:”

“The Government should accept new responsibilities for promot-
ing the flow of new scientific knowledge and the development of
scientific talent in our youth. These responsibilities are the prop-
er concern of the Government, for they vitally affect our health,
our jobs and our national security.”

The bedrock wisdom of this statement has been demonstrated time and
again in the intervening half century. The reéum from our public invest-
ments in fundamental science has been e:';zonnoué, both through the
knowledge generated and through the education of an unmatched scien-
tific and technical workforce. Discoveries.in r'pathematics, physics, chem-

istry, biology and other fundamental sciencesthave seeded and have been

driven by important advances in engineering, technology, and medicine.
The principal sponsors and beneficiaries of our scientific enterprise are
the American people. Their continued support, rooted in-the recognition
of science as the foundation of a modern knowl,vledge-based technological

- society, is essential. The nation’s investment has yielded a scientific
enterprise without peer, whether measured in térm of discoveries, cit-
tions, awards and prizes, advanced education; or contributions to indus-
trial and informational innovation. Our scierj}tific strength is a treasure
which we must sustain and build on for the future,

To fulfill our responsibility to future generations by ensuring that our
children can compete in the global economy, we must invest in the scien-
tific enterprise at a rate commensurate with its. growing importance to
society. That means we must provide physical infrastructure that facili-
tates world class research, including accessto cutting-edge scientific
instrumentation and to world-class information and communication sys-
tems. We must provide the necessary educati(;nal opportunities for each
of our citizens. Failure to exercise our responsiibility will place our chil-
dren’s future at risk.

Science does indeed provide an endless frontier. Advancing that frontier
and exploring the cosmos we live in helps to feed our sense of adventure
and our passion for discovery. Science is a}lso an endless resource:
in advancing the frontier, our knowledge of the physical and living
world constantly expands. The unfolding secrets of nature provide new
knowledge to address crucial challenges, often in unpredictable ways.

“Today we are facing a rapidly
changing world and we have the
opportunity, indeed the impera-
five, to examine our science poli-
cies and decide how to restructure
theni Lo retain America’s preemi- ‘

nent position in world science.”

John H. Gibbons

Director, Office of Science
and Technology Policy

“Galileo . . . took an information

- gathering instrument of war, the

spy glass, and, instead of pointing
it towards the horizon in search
of enemy ships, he pointed it
towards the zenith in scarch of
the unknown. Galileo observed
that the heavens move in much
the same way as the earth, and,
with that observation he irrevoca-
bly changed our viewpoint on .
Just about everything.”

Anne L. Kinney
Space Telescope Science Institute



-

A Key to Cancer

Cancer has terrified patients and baffled medic?l scientists
for a long time. Recently, however, a new level of under-
standing of this dread disease has begun to emerge. Studies
initiated with widely different approaches are now unex-
pectedly converging to provide a picture of t.hell miolecular
basis of at least some forms of cancer. The resulting insights
are certain to have an important impact on the fight against
this disease.

Much of this progfess has come from untargeted basic
research that is aimed at learning how living syst‘ems work.
One group of researchers was studying the normal cycle of
cell growth and division. The scientists knew thatitheir stud-
ies were critical to understanding a central life process and
realized that their findings might eventually be relevant to

cancer. But for many years, they isolated and chalracterized :

the different proteins that interact in complex ways in vari-
ous stages of the cell cycle without knowing the specific
disease implications of their work. l

Two of the cell cycle proteins they studied, known only by
the numbers assigned to them as pl6 and p21, were first
described in a scientific paper published in December 1993.
Within just four months, another research team found an
important and unexpected link between the p16 pr'otein and
cancer. This team, which set out to study }?ercditary

melanoma (a deadly skin cancer), found that the gene which
directs a cell to make p16 gene is mutated or altered in can-
cer cells. The mutations occur not just in melanoma, but in
the cells of many forms of human cancer, suggesting that
pl6 plays a critical role in the molecular processes of the
cell—a role that, when it goes astray, often leads to cancer.

This discovery re-enforced and extended a similar, earlier
finding that another cell cycle protein, p53, is also mutated
in about half of human cancers. So important was that dis-
covery deemed that Science magazine named p53 as its
1993 “molecule of the year.” Yet p16 appears to be mutated
in even more types of cancer than does p53. Moreover,
because of many years of cell cycle research, scientists have
a good idea how these proteins function in the biochemistry

-of the cell; p16, for example, is important in cell division. -

Understanding the molecular basis of cancer—the triggers
that can lead to the discase—can lead to the developmenf of
tools to fight cancer, including the development of new
drugs or the introduction of corrected versions of defective,
mutated genes into the body—a technique known as gene
therapy. Whichever direction the clinical researchers decide
to turn, . the “road map” sketched by the fundamental
research on the cell cycle will be there to guide them.

Purifled DNA fluorescing orange under UV light, is extracted
and used for molecular biology studies. This visualization of a
single band of DNA aids in the Isolation and extraction of the
DNA for future molecular blology studies.

Source: Mike Mitchell (Photographer)



Science: The Endless Resource

These include improving human health, creating breakthrough technolo-
gies that lead to new industries and high quality jobs, enhancing produc-
tivity with information technologies and |improved understanding of
human interactions, meeting our national security needs, protecting and
restoring the global environment, and feedm]g and providing energy for a
growing population. |

The challenges of the twenty-first century will place a high premium on
sustained excellence in scientific research and education. We approach
the future with a strong foundation, built by the wise and successful stew-
ardship of this enterprise over many decades and with an investment
strategy that was framed during this Adm1mstrat10n s first month as three
interconnected strategic goals:

* Long term economic growth that creates jobs and protects the
environment;

* A government that is more productive and more responsive to the
needs of its citizens;

* World leadership in basic science, mathematics, and engineering.

The first goal was elaborated in the Administration statement
“Technology for America’s Economic Growth’}, and the second in the Vice
President’s “National Performance Review.” Our policies in these areas

are already working to prepare the future. The third goal represents a crit-

ical long-term investment, one for which we need both vision and a sound
Federal policy.

[ QU



Bringing the Universe into Focus

The ‘razor-sharp images from the repaired Hubble Space
Telescope bring the incredible splendor of distant heavenly
objects into human view for the first time. Recently, for
example, scientists used the Hubble to gather evidence that
a massive black hole really exists at the center of|a neigh-
boring galaxy. Confronting—and even solving—some of
the deepest mysteries of the universe may have no practical
payoff, but it nonetheless appeals to the deep-seated human
desire for knowledge of how we fit into the cosmos. Story
Musgrave, the payload commander for the rcccnt Hubble
servicing mission, put it this way: “I have thought of that
instrument as contributing to my personal ideas about what
my place in the universe is, what it is to be humanj”

A NASA Hubble Space Telescope image of a splral-sh%aped
disk of hot gas in the core of active galaxy M87. HST mea-
surements show the disk Is rotating so rapidly It contalns a
massive black hole at its hub, Source: NASA

The Hubble telescope revealed a pancake-shaped| disk of
hot gas at the center of the giant M87 galaxy. So sharp was
the image that astronomers could see by the pattern of
movement that the spinning disk of gas was be:ingl sucked
down into and swallowed by something at the| center.
Measurements with the telescope determined the speed of

the gas—an incredible 1.2 million miles per hour——a’llowing

astronomers to calculate the mass of the central object. Itis

equal to 2 to 3 billion suns, so huge that it could only be a

T e

black hole—a collapsed condition of matter whose gravita-
tional pull is so strong that not even light can escape. Black
holes are predicted by Einstein’s theory of general relativi-
ty and have been suspected on the basis of other astronom-
ical evidence, but they are such a strange and novel phe-
nomenon that some scientists have remained skeptical. Now
the new Hubble observations have provided proof—"the
smoking gun”, as on¢ astronomer put it.

In addition to such dramatic discoveries, the Hubble is also
being used to study the size and age of the universe, the evo-
lution of galaxies from minute fluctuations in the early cos-
mos, and the details of star birth and star death. There are
still plenty of mysteries to unravel about the vastness of
space surrounding our planetary home-—mystenes that are
now in better focus.

The refurbished Hubble Space Telescope is a triumph of
technology and human ingenuity, captured in the public
mind by the sight of NASA’s astronauts unfurling Hubble’s
new solar panels in space, against the distant backdrop of
our home planet. The Hubble servicing mission demonstrat-
ed what can happen when scientists and engineers join
together to solve a difficult problem. The flawed mirror was
discovered soon after Hubble's 1990 launch. A team imme-
diately gathered to examine dozens of possible “fixes”. The
resulting corrective device, an optical jukebox called

“COSTAR, was devised and built in only 26 months.

Combined with the remarkable ability of the astronauts who
installed it and otherwise upgraded the space telescope, the -
result placed innovative technology in the service of
humanity’s vision and age-old quest for knowledge about
our environment and our place in it.



A Time of Change

i

e face change on many fronts, and change characteristically | “After decades in which defense

engenders both opportunity and uncertainty. The end of the ! was the priority of Federal

Cold War has transformed intemaéional relationships and secu- science and technology policy,
rity needs. Highly competitive economies have emerged in Europe and . . pow our goals is to use the talents

Asia, putting new stresses on our private sector and on employment. The |
ongoing information revolution both enables and demands new ways of :
doing business. During the 1980’s, our Federal budget deficit grew rapid-
ly, constraining crucial investments for the future Our population diver-
sity has increased, yielding new opportumtxes to build on a traditional |
American strength. Health and environmental responsibility present
increasingly complex challenges, and the literacy standards for a produc- -
tive and fulfilling role in twenty-first century society are expanding John D. Rockefeller IV
beyond the traditional “three R's™ into science and technology.. : United States Senate

of our Nation’s superb scientists
and engincers to help generate
what’s at the core of life, liberty, \
and the pursuit of happiness for
Americans — enough good jobs
and growth for all.”

As our institutions anticipate, manage, and lrespond.to change, we must
continue to focus on the enduring core elements. of our national interest:
the health, prosperity, security, environmental responsibility, and quality
of life of all of our citizens. At the same time, we must respond to the.
changing character of the challenges presented by each of these core ele-
ments. For example, as the nature of.today’ s external security threat has
shifted profoundly, we have come to recogmze economic and technolog- -
ical strength as integral to national security.|Likewise improved science
and mathematics education for all citizens is now recognized as a strate-
gic imperative for our individual and collective futures. :

We must reexamine: and reshape our science policy both to sustain “We must do far more basic
America’s preeminence in science and to facilitate the role of science in . research in strategic areas. Those
the broader national interest. Each core element of the national interest i - doing this research must recog-
requires strong commitment to scientific research and education: " nize there’s a national purpose

' Jor their work.”
* Health requires the understanding, prevention and treatment of disease S

and the assurance of an adequate, safe, and nutritious food supply. These - | Barbara A. Mikulski
activities have become more and more dependent on the discoveries of United States Senate
fundamental biology research, often at the molecular level. Knowledge of
the molecular basis of genetic diseases, for éxample, will permit design
of effective new treatments such as gene therapy. The importance of
. broad strength in science is evidenced by the increasing role in biology
and medicine of tools developed in the physwal sciences, such as mag-
netic resonance imagers whose beginnings were in nuclear physics, or
lasers that originated in fundamental atomic and molecular physics
research, or the accelerators and instrumema:tion developed in the quest
to understand subatomic particles. Research in social and behavioral
science is essential for developing effective public health strategies for = |
preventing disease. A P
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Science in the Natianal Interest

* Prosperily requires technological innovation. Basic scientific and engi-
deeringi research is essential for training innovative scientists and engi-
neers, for many technology improvements, and for achieving the revolu-
tionary|advances that create new industries. Biotechnology and optical
communications. are two examples, and others will follow. For example,
fundam[ental_science and engineering will yield capabilities, unimagin-
able only a few years ago, to design and build new materials whether
electromc or biomolecular. Applications will span areas as diverse as cml
‘ mfrastructure improvements and environmental restoratlon

* Our n'ational security has long been based on technological superiori-
ty bred of scientific and engineering innovation and a strategic commit-
ment to both breadth and excellence in basic research. This will be even
more important with a reduced military establishment facing new and
. varied security challenges such as verification methods for nonprolifera-
tion of|nuclear weapons. For example, remote acquisition and.rapid
analysis of huge data streams and a new generation of imaging technolo-
gies will be essential, will push at the frontier of fundamental science
and englineering, and will have important dual uses in military and civil-
ian applications.

* Environmental responsibility requires much better understanding of.
‘the complex interrelationships among components of the biosphere and

among | human activities and the world around us. We must carry out the

necessa.ty fundamental research and develop appropriate technologies to

detect and correct environmental problems, to manage natural resources,

and to sustain the environment. The levels of population, economic, and -

industrial growth suggested by current trends and patterns of develop- -
| ment point to an urgent need to improve industrial processes and products
and to provide food, energy, and naturdl resources with greatly reduced
environmental impact. Understanding biological and physical processes
is vital to maintaining biodiversity and healthy ecosystems.

|

. Impr(‘)ved quality of life of our citizens invaolves all of these elements,
and more. Culture, inspiration, and full participation in the democratic"
process| are important for our citizens’ lives and for setting directions
for America. Scientific and technical literacy are crucial for understand-
ing and appreciating the modern world. Sometimes, the rewards come
directly|from the leaps of science and engineering that inspire us as one
people and spark the imagination of our children. Only months ago, we
experienced this with the bold repair job on the orbiting Hubble telescope
and the remarkable clarity of the resulting images. Such moments are
themselves an important public benefit of science, helping to satisfy




A Time of Change

humanity’s age-old drive to define itself through a better understanding of

the world we inhabit. At a more down-to-earth level, scientific and tech-
nical literacy will provide the gateway to an|increasing number of high
quality jobs.

Thus, science, both endless frontier and endless resource, is a critical
investment in the national interest. Science and technology are tightly
coupled, for they both drive and benefit one another. To address the
nation’s science investment strategy, we must reexamine every element of
the enterprise: the research portfolio; the infraistructure. needed for world-
class research by world-class researchers; and the education of our peo-
ple in science and mathematics. Each elemen‘t must be strong, requiring
that optimization be done within limited resources. It is essential that we
adhere to a long-range and diversified investment strategy: nurture broad-

ly-based fundamental research for the decades ahead, conduct research

. , . 1 .

aimed at today’s strategic areas, and undertake vigorous development
activities that spring from our accumulated science and engineering
“resource base”. '

While we cannot foretell the cutcome of fundamental research, we know

from past experience that, in its totality, it cm!:sistently leads to dramati-

cally valuable results for humanity. We have every reason to expect that .

the science investment will continue to yield a very high rate of return.

“Science reveals new worlds 1o explore, and f;y implication new oppor-
tunities 1o seize and new futures to create.”,

Vice President Al Gore
Forum on Science in the National Interest

. February 1994

“Strategic research should

only be a portion of our overall
Jundamental science and engi-
neering research portfolio. This

is from several perspectives. First

" and foremost, we need to ensure

the continued vitality and support
of our most creative people in
areas that currently bdd\ress no
£de:¥t:ﬁed areas of national need.
The spirit of pure discovery needs

1o be nurtured and sustained

especially in our research.univer-
sities. Furthermore, while it is
widely believed we can identify
broad areas that can contribute
to our national objectives, it is
equally sure that we will fail to

identify some areas that will.

.And finally, there is of course

those areas where an unanticipat-

" ed development creates new

-opportunities that could not be
previously identified.”

Peter Eisenberger

and Herbert Pardes
Reporting on a Group
Discussion Forum on Science
in the National Interest




A New Chémistry” for Carbon

Until a few years ago, there were two known forms of
pure carbon, graphite and diamond. Then an improbable-
seeming third form of carbon was discovered: al hollow
cluster of 60 carbon atoms shaped like a soccer ball.
Buckminsterfullerene or “buckyballs”-—named
American architect R. Buckminster Fuller, whose geodesic
domes had a similar structure—is the roundest, most. sym-
metrical large molecule known. It is exceedingly| rugged
and very stable, capable of surviving the temperature
extremes of outer space.

i

At first, however, the molecule was a mystery wrz{pped in'

an enigma. But when a convenient way of making tl'xis mol-
ecule, also known as C60, was discovered, it set off an
explosion of research among chemists, *physicis'ts,'and
materials scientists to uncover -the molecule’s }sccrets;
Investigators soon discovered a whole family of] related
molecules, including C70, C84 and other “fuller;nes”—

clusters as small as C28 and as large as a postulated C240.

These unusual molecules turn out to have extraqrdinary
chemical and physical properties. They react with elements
from across.the periodic table and with the chemical species
known as free radicals—key to the polymerization process-
- es widely used in industry—thus opening up the fullerenes
to the manipulative magic of organic chemists. \(Nhen a
fullerene is “‘doped” by inserting just the right amount of
potassium or cesium into empty spaces within the crystal, it
becomes a superconductor-—the best organic superconduc-
- tor known. More important, because C60 is arelatively sim-
ple system, it may help physicists master the still mysteri-
ous theory of high-temperature superconductivity.

Speculation and some hard work on potential applicdtions
began almost immediately after the discovery of buckyballs.
Possible applications of interest to industry include: optical
devices; chemical sensors and chemical separation devices;

production of diamonds and cdrbides as cutting tools or

hardening agents; batteries and other electrocher:ﬁczjilappli- _

cations, including hydrogen storage media; drug delivery
systems and other. medical applications; polymers, such as
new plastics; and catalysts. ‘

Catalysts, in fact, appear to be a natural application for
fullerenes, given their combination of rugged structure and
high reactivity. Experiments suggest that fullerenes which
incorporate alkali metals possess catalytic propertiesi resem-
bling those of platinum. The C60 molecule can also absorb

for the

large numbers of hydrogen atoms—almost one hydrogen
for each carbon—without disrupting the buckyball struc-
ture. This property suggests that fullerenes may be a better
storage medium for hydrogen than metal hydrides, the best
current material, and hence possibly a key factor in the
development of new batteries and even of non-polluting
automobiles based on fuel cells. A thin layer of the C70
fullerene, when deposited on a silicon chip, seems to pro-
vide a vastly improved template for growing thin films of
diamond.

It is too early to make reliable forecasts of commercial
potential, although the early indications are that buckyballs
may represent a technological bonanza when their proper-
ties are fully understood. Yet it is important to note that the
discovery of this ‘curious molecule and its cousins was
seréndipitous, inade in the course of fundamental university
experiments aimed at understanding how long-chain mole-
cules are formed in outer space. It is a strong reminder that
fundamental science is often the wellspring of advanced
technology in ways that are completely unpredictable.

t \:

" The perfectly round C60 “buckyball” cluster.
Source: National Science Foundation




Setting Our Natiunal Goals

his Administration stated in February 1993 its over-arching goal
for fundamental research—world leaidership in basic science,
mathematics and engineering. To sustain the leadership position
we now hold, we must improve the conditions, capabilities, and opportu-
nities for well-trained scientists and engineers to pursue innovative
research, to educate the next generation, and to apply science in areas of
importance to the health, prosperity, and selcurity of the country. The
agenda is a broad one, and will require the resources of government and
the creative participation of industry and academia. Therefore, we set the

following goals for our stewardship of science in the national interest:

* Maintain leadership across the frontiers|of scientific knowledge

'_'Enliance connections between fundamental research and national
goals ' N

» Stimulate partnerships that promote in\lrestments in fundamental

science and engineering and effective use of physical, human and
financial resources.

*Produce the finest scientists and engineers for the twenty-first
century

¢ Raise scientific and technelogical literacy of all Americans.

While we pursue these goals amidst rapid change, we must not lose sight

of the core values that have enabled our nation to achieve so much. Over - -

* the last fifty years, the United States devek)pel,d a unique-and highly suc-
cessful system for advancing scientific research in universities, medical
schools, and independent research centers and in Federal and industrial
laboratories. Our system rests on a strong commitment to investigator-ini-
tiated research and merit review based on evaluation by scientific peers.
~This system maintains the emphasis on excellence and brings new people
and new ideas into the research enterprise.

A significant fraction of research, particularly fundamental research, is
carried out in and through academic institutions. This has multiple bene-
fits. Research and education are linked in an jextremely productive way.
The intellectual freedom afforded academic researchers and the constant
renewal brought by successive generations of inquisitive young minds
stimulate the research enterprise. A broad range of disciplines are repre-

. . ... . qe | N ) o .
sented in our research universities, providing opportuntty for cross disci-

plinary stimulation.

Federal support of fundamental science and engineering is characterized
by a healthy pluralism. All Federal departments and agencies that depend
heavily on scientific and technical kno\:'«le:c‘lgéI and human resources sup-
port fundamental research and education in these areas. This improves
their capacity to attain their evolving goals as new challenges emerge.

“The overriding principle in

considering priorities is to insure

the maintenance of the health of

the enterprise. It is the totality

of the enterprise that ensures the
ability to keep abreast of impor-
tant developments throughout the
world and is the mechanism for

" educating and training future

generations of scientist and engi-
neers who are able to operate at
the cutting edge of science and
engineering knowledge. If we
compromise our ability to train
future scientists or to maintain
our fundamental scientific
research, we will very rapidly
lose our standing in the world
arena of technology transfer and
economic initiatives.” ‘

Lucy Shapiro »
Stanford University School of Medicine
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“The end of the Cold War
provides new opportunities for
international cooperation in
science. At the same time, the
growing ties between fundamental
research and economically-vital
technologies are créating new
barriers to the internationaliza-
tion of science. It is essential that
U.S. science policy be based on a

clear understanding of the impor-

tance of international scientific

communication and cooperation.”

‘Francisco J. Ayala
University of Califernia, Irvine

Science: The Endiess Resource
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The nature of science is international, and the free flow of people, ideas,
and datd are essential to the health of our scientific enterprise. Many of
the scierfxtific challenges, for example in health, environment, and food,
are global in scope and require on-site cooperation in many other coun-
tries. In [addition to scientific benefits, collaborative scientific and engi-
neering projects bring nations together thereby contributing to interna-

tional understanding, good will, and sound decision-making worldwide.

Finally, we must emphasize that science advances the national interest

and improves our quality of life only as part of a larger enterprise.-

Today’s science and technology enterprise is more like an ecosystem than
a production line. Fundamental science and technological advances are
interdep'endent, and the steps from fundamental science to the market-
place orjto the clinic require healthy institutions and entrepreneurial spir-
it across society. Many of these institutions need attention. Nevertheless,
we cannot afford to lose sight of the importance of scientific research and
education for sustained progress in the modern world..

e



Reachiﬁg Our Goals

o reach each of the five goals articulated vabove, this Administration

proposes a coherent, integrated set of policies and will work to

refine and implement them in concert with the Congress, state and
local governments, academia, industry, the research and educational com-
munities, and our citizens. We are all stakeholders in the scientific enter-
prise, and we now must focus on a shared commitment. '

American Presidents have a tradition of strong support for science and

technology. This Administration has already telxken two key steps to help

move us towards our goals. In November 1993, the President established
the National Science and Technology Council (NSTC) to coordinate
Federal research and development across the govemment This cabinet-
level group, chaired by the President, elevates science and technology
policy discussions to the level of those for national security, domestic,
and economic policy. The NSTC will couple|research to the fiscal and
regulatory structures needed to facilitate application of science and tech-
nology to the national interest. In November 1993, the President also
established the President’s Committee of Adv1sors on Science and
Technology (PCAST). This group of academlc: and industry advisors will
provide valuable community input on major policy issues.
|

Maintain leadership aéross
the frontiers of scientific knowledge

It has seldom proved possible to anticipate \x}hlch areas of science will
bring forward surprising and important breakthroughs at any give time.
Therefore, U.S. scientists must be among thoisg working at the leading
.edge in all major fields in order for us to retain and improve our compet-

itive position in the long term. This means that U.S. scientists and engi-

neers continue to make a significant share of tl‘le most important scientif-
ic advances. They must maintain our tradition of scientific excellence,
produce a scientific, engineering and technical workforce educated at the
highest levels in all important disciplines and technologies, and create an
infrastructure able to capitalize on and advan'ce? key discoveries no matter
where they occur. This goal will serve the NSTC as the principal guide to

invesiment in fundamental science and engineering research.

Breadth of scientific excellence is necessary to maintain the enterprise at
the appropriate standard. Different areas of sciience and their associated
cuiting-edge technologies are tightly mterconnected Advances in one
area often have unanticipated major beneﬁts in totally different areas.
Furthermore, nature yields her most precious secrets in surprising ways,
to those who are well prepared and perszstent and with a schedule not
often amenable to detailed planning. Thus, although we can and must do
more to identify and coordinate research thrusts aimed at strategic goals,
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“Since the war years, both .
Congress and the different admin-
istrations have shared the convic-
tion that support of research in
the nation’s universities and

‘industries represented an invest-

ment in the national future.”

D. Allan Bromley
Yale University '

“World leadership in basic
research will confer a competitive
advantage if, but only if, it is
coupled with world-class perfor-
mance in the much more exten-
sive set of skills, institutions,
and investments that are required
for the creation of economic
wealth and a rising standard of
living. Whether the comparative

. advaniage from leadership in

basic research is a modest ora
substantial advantage will vary

by ﬁeld and with time;' but overall
it will be an advantage we would
be foolish to forgo in a world
where the economic competition
is becoming fiercer and fiercer
all the time.”

John A. Armstrong
IBM (ret.)



Origins of the Information Superhighway

Ten years ago, the information superhighway could not
have been built. Many of the core technologies css}ential to
the convergence of computing and communicaiﬁonsfa
conjunction at the heart of the information superhighway—
were simply not ready. The discoveries that ini‘iiatcd or
made these technologies possible go back even further—

before anyone dared to dream of a world in which scientists

\ . . |
could collaborate across continents, in which every school’

could be connected to the great libraries and muset;xms, and
in which ordinary citizens could tap a wealth of digital ser-
vices and entertainment from their homes.

The true origins of the information superhnghway, in fact,
include fundamental research on the physics of surfaces in
the late 1940s that led to transistors, obscure university
work on microwave oscillators in the early 1950s that led to
lasers, and a speculative suggestion in an academi¢ journal
in the mid-1960s that led to optical fibers. Such res!earch if
proposed today, would be hard to distinguish from k!mndreds
of similar basic research proposals. Yet it produccd the
seeds -of a revolutionary technology that is likely. to trans-
form homes and workplaces alike,

. Consider one thread in this complex story, that.o!f optical
fibers. The idea that laser light could be transmitted over
long distances in a glass fiber—and hence used for icommu-
nications—can be traced to a 1966 article in a scientific
journal. The first fibers were relatively cmde' they broke
easily and defects or impurities in
the glass scattered or absorbed
enough of the light signal that it
couldn’t travel very far. But basic
research on the chemistry and ther-
modynamics of glass and on the
scattering of light in liquids (glass
can be thought of as a cooled lig-
uid) led to steady improvements—
purer glasses that reduced losses,
for example, and epoxy coatings
that made the fibers more flexible
and resistant to corrosion. In 1970,
Coming Glass Works demonstrat-
ed a fiber that could transmit a
light signal with losses of only 1
percent per kilometer—a big
advance at the time, but not good
enough for commercial systems.
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Today's fibers have losses of 100-fold less, reduced almost
to the theoretical limit, and the result has been an explosion
of optical communications. Optical fibers now carry most
U.S. long-distance telecommunications and the total traffic
over fibers is 1,000 times greater than a decade ago.

But the fiber story is far from finished. Fundamental
research into the properties of rare carth elements, such as
erbium, has led to a new wave of developments that are
transforming fibers from passive to active devices with even
greater carrying capacity. When fibers are doped with
erbium and powered by a semiconductor laser, they can
amplify an optical signal. Spliced directly into a fiber cable,
these fiber amplifiers will soon begin to replace the regen-

erating stations that now detect, amplify, and retransmit

-optical communications signals every 30 to 100 kilometers.

Since the comparatively slow electronic components of
regenerating stations are the principal bottlenecks in today’s
fong-distance networks, this change to an all-optical tech-
nology will increase the capacity of long-distance commu-
nications systems by as much as 100-fold.

The process is a continuing one. Just as commercial deploy-

-ment of the information superhighway is harvesting earlier

investments in the creation of basic knowledge, 5o the tech-,
nologies of tomorrow and the commercial competitiveness
that goes with them will stem from the science of today.

Hair-thin fibers of ultrapure giass are now transmitting voice,
data and video communications in many parts of the globe In
the form of digital signais emitted by semiconductor lasers the
‘size of a graln of salt. Source: PLG Group
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Reaching Our Goals

we must not limit our future by restricting the range of our inquiry.
Vibrant scientific disciplines are best guaranteed by the initiatives of tal-
" ented investigators and in turn provide the strongest and most enduring
foundation for science in the national interest. That quantum theory
would lead to today’s electronics, of investigations of DNA structure to
genetic engineering, could not be anticipatef:ii Countless examples could
be provided; the few which accompany this statement are tangible evi-
dence of inspiration, promise, and improved, quality of life for our citi-

zens. We can be, confident that our-children and grandchildren will look

back at today’s fundamental science and its ul}imate benefit with the same
surprise and appreciation that we experience today.

"Accomplishing this leadership goal will require that the NSTC and
PCAST evaluate both the research portfolio and the status of the physical
infrastructure needed for research. Coordination of agency responsibili-

ties and commitments in these areas will be essential for appropriate -

stewardship of the scientific enterprise durinlg this period of fiscal con-

straint, The NSTC will initiate Presidential Review Directives and

Presidential Decision Directives to ensure that science and technology
policy decisions are implemented across the pammpatmg agencies. Nine

NSTC standing committees, including onle specifically focused on -

Fundamental Science, are composed of senior officials from the agencies
and from the Executive Office of the President. They identify priorities
and prepare technical information, implementation plans, and milestones
and measures of progress in support of NSTC' priodties Long range plan-
ning and stable support will be important ingredients in this
Administration’s strategy.

As a result of deliberate and successful long-term investment strategies, .

a number of countries now possess world—c%ass research capabilities. If
U.S. researchers are to sustain leadership and strengthen participation in
collaborative scientific endeavors, we must increase our level of interac-

tion with colleagues in other countries. In many important areas of con-

temporary research, ranging from studies of | seismic activity to biodiver-
sity to global change, our scientists can Be optimally effective only
through international partnerships. In areas such as high energy physics,
space exploration, and nuclear fusion research where expensive facilities
are required, it is only sensible to share with other countries both the ben-
efits and the costs of constructing and operating these facilities. We
should also look for opportunities to engagle developing nations more
fully in the international science endeavor. As a logical consequence of
the North American Free Trade Agreement/and long-term policies, we
should continue to pay particular attention to engaging the scientific com-
munities of the Americas. '

1
i
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“In conjunction with developing
international parinerships the
United States must lead the way
in training engineers and scientist
to meeting the challenges of
economic development in a
global marketplace. We must
begin to produce a new breed of
engineers and scientists with a
broadened view of technology
and service to society.”

Emir Jose Macari
Georgia Institute of Technology

Science in the National Interess
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There is|already a considerable amount of scientist-to-scientist interaction
and collgboration. This is the foundation of international scientific coop-

- eration. However, the government has an important role both in lowering

barriers ianc:l in supporting large scale collaborations. For example, inter-
operabil‘ity of data bases and networks is crucial for enhancing collabora-
tion, and we will continue to work towards appropriate international stan-

- dards. Strengthened science and technology presence overseas can aid

information gathering, identify more opportunities for effective collabo-
ration, and provide the basis for economic relations in technical areas. We
must enter international collaborations with clear responsibilities and
secure c?ommitments for each partner. For this, we must establish with the
Congresls mechanisms for prioritizing, committing to, and then sustaining
long term support for large projects. This need applies equally well fo.
large American projects with multi-year time scales:

Over the long term, U.S. investment in fundamental research must be
commensurate with our national goals. The Gross Domestic Product
(GDP) prov1des the benchmark for total economic activity and thus the
most meamngful measure of the R&D investment. Total U.S. support of
non-defense R&D is about 1.9 percent of GDP, below that of Germany
2.5 pericent) and Japan (3.0 percent). Including all defense R&D (most
of which is applied research, development, testing and evaluation), the

- US. total becomes 2.6 percent. The dominant part of the nen-defense

R&D in'vestment is industrially sponsored applied research and develop-

ment, that is, activity relatively close to the marketplace. The special

resp0n31b111ty of the Federal investment in sponsoring fundamental -
researchl is highlighted by noting that about two-thirds of fundamental
research support is Federal, in comparison to about one-third of the
applied |research and development support (including defense R&D).
Still, the Federal expenditure for basic research, the “venture capital” of
our national enterprise, is only 0.25 percent of the GDP.




Over the ages, physicians have sought a means of see-

N . _ |
ing inside the human body without cutting it open. But

despite remarkable advances in medical research,|it was
fundamental discoveries in physics that have given us first
x-rays and then the more modern diagnostic methods of
magnetic resonance imaging (MRI) and positron-electron
tomography (PET).

The development of MRI is illustrative of the often C(!)mplcx
path to major new technologies. It began as basic research
in nuclear physics—in particular, the curious fact that the
nuclei of most atoms behave as though they have} a tiny
magnet attached to them. Physicists soon learned that when
they probed the properties of that magnet with a rad19 beam
~in the presence of a strong external magnetic field, they

could identify. which kind of atom it was. As the techmque

known as nuclear magnetic resonance, improved, it became . -

possible even to tell something about an atom’s mteractlons
with neighboring atoms. Chemists then developed the tech-
nique further as a powerful tool for analyzing the chemical
structure of a material, including, eventually, biological tis-

* sues. This ability to probe the submicroscopic structure of
matter—and hence to map the distribution of certain kinds
of molecules in a sample or of cancer cells in a body!——pro-
vided the scientific base for MRI. - %

Yet MRI also depends on a number of technologies that
evolved separately but in the parallel with the basic s?ience,
and it was the combination of these with the fundamental
physics that made MRI possible. Once the idea exlnerged
of using the nuclear magnetic resonance technique to create
images, for example, a host of practical problems remained.

Seeing Inside the Budy

For one thing, the technique was initially too slow for
medical use. Modemn electronics—especially computers-
on-a-chip that could be built directly into practical instru-
ments—helped speed it up. So did the mathematical
technique known as tomography—synthesizing a composite
image from many different “pictures.” Superconducting
magnets helped to make more compact and powerful
MRI instruments.

The result is a remarkable medical diagnostic tool. MRI
gives the most precise picture now available of what is
happening inside the body and does so noninvasively
and safely. This ubiquitous technology is still improving
and may eventually replace x-rays. Yet it is most unlikely
that MRI could have emerged from a targeted effort to

design” a better- imaging technique-—who would have - -

thought to begin by-measuring the strengths of magnets
within atomic nuclei? For MRI, as for many other important

-technologies, just such fundamental explorations of nature

produced the knowledge that enabled a vision of a life-
saving imaging technique.

(left) Patient entering a magnetic
resonance imaging (MRID) machine
for medical diagnosis.

Source: National Cancer Institute

(above) An MRI cross-section of
brain showing both hemispheres as
well as the ventricles (openings).
Source: NINDS
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Science in the National Interest

U.S. Researcil and Development Funding (FY93) ($ Billions)

Funding Source Development  Applied Research " Baslc Research Total
Federal Government 36.1 15.5 16.5 68.0
Industry '57.8 21.1 4.6 - 83.6
Universities/Colleges

Other Nonprofits 0.9 3.1 5.1 9.2
Total 94.9 39.7 26.2 160.8
Percent of GDP 1.54 0.64 042 2.6

|
All entries taken from 1993 Science & Engineering Indicators, National Science Foundation, Tables 4.4 to 4.7. -

The GDP of $6,172 billion is from table 4.1. Individual entries have small uncertainties because. of differences in
definition of basic research, applied re.ééamh, and development. Total entries may have roundoff entries of 0.1.
Table includes both civilian and defensfe R&D. Of the Federal R&D total, defense R&D accounts for $41.5 billion
(including $1.3 billion in basic research). The civilian R&D total of $119.3 billion represents 1.9 percent of GDP.

“The balance of military and
civilian activities drawing from
fundamental science is the most
healthy when each has ways
of relying on the other, and

learning from one another.”

Richard Slansky
. Los Alamos National Laboratory

{  We must put into place better mechanisms to evaluate our investment
- strategy and to make changes as later evaluations and future conditions
demand. This Administration’s strong emphasis on shifting the character
of deffl:nse R&D towards dual civilian-military use will help focus our
overall R&D investment much more on the marketplace. With steady
progress here, a reasonable long term goal for the total national R&D
investment (both civilian and defense) might be about 3 percent of GDP.
This rrllodest increment should be shared by the Federal government and
the private sector. However, additional work on how to assess this long
term goal will be conducted within the NSTC. In any event, the private
sector [investment will be driven by the global marketplace in an increas-
ingly technology-based society, with government fiscal and regulatory
polici(?s enabling and stimulating investment. As the private sector invest-
ment is likely to remain heavily weighted towards shorter term applied
research and development, properly so, the Federal investment must fur-
ther sgrengthen fundamental research, rebuild the science infrastructure,
and strengthen longer term applied research and development, thereby

providing the seed funds for long term health of the R&D enterprise.
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Every since the discovery of nylon in the first half pf this
century, plastics have steadily found more and more uses.
Now they are poised to invade one of the hottest zu!"eas of
electronics—light-emitting diodes. That could create lucra-
tive new markets for such things as computer screens,
advertising displays, and even wall-sized video screens.

Intriguingly, however, these advances have not come from
the electronics industry, as innovative as it is. Instead they
come from fundamental university research into the proper-
ties of polymers—the long-chain organic molecules formed
of repeated units that are the basis of most plasncs ‘This
long-chain structure gives. polymer plastics the flex1b111ty
that makes them so valuable in dozens of apphcatmns—
from stretch tights to bulletproof vests to kitchenware that
doesn’t shatter when dropped. »

Most polymers don’t conduct electricity. But in the late
1970s, researchers at the University of Pennsylvama dis-
covered a.plastic that, when “doped” with small amounts of
impurities, could conduct. The technique is analogous to the
doping of semiconductors that makes possible transistors.
Further research led to other conducting polymers, but none
found so far conduct well enough to
replace metals. In exploring the basic
propertie