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LETTER FROM THE EDITOR

[
i Dear Colleagues and Friends of mechanics,
|
|
|
|
|

mechanics. When | embarked on this project, | knew that it would bring me a little closer
to all of the elements that make up this fine publication -- and that includes all of you — our
readership. More importantly, | knew that it was indeed possible to make a lasting
contribution to a publication that was not only rich in history, but also proud in its many
traditions. Of course, along the way, it is sometimes easy to forget that a great deal of

work is involved, not only in the actual creation of “mechanics” from the ground up, but
likewise from the standpoint of each of its readers and contributors alike. There is a
considerable amount of time involved in this unique journal publication, and we are indeed

lucky and fortunate to have had some terrific individuals that have taken this huge task on

in the past, investing the time and energy that is necessary to produce it. In fact, it is in

part, due to all of you and the past editors of “mechanics,” that | feel the need for
“mechanics” to branch out even further at this time — in order that it may grow and further

serve as a vital communication tool for the members of the AAM.

Wl There has been no greater joy for me than to be able to serve each of you as the editor of

Six times a year, we publish the listing of journals that has been updated in the various
databases. Many of you have taken the opportunity to send along news, information, and
l other tidbits as it occurs in academia, industry, and research. Fellow colleagues and
I members of AAM openly submit news, items of interest, announcements, and calls for
| papers. Many have likewise purchased ad space, and have found “mechanics” useful as a
| valuable resource for recruitment purposes. | would wholeheartedly like to encourage you
|l to continue to do so. Of special interest in this issue is the symposium on page XVII that
will be held in Dearborn Michigan during August of next year, and the subsequent forum
that is obviously available for those interested in Computational Mechanics Education. |
encourage those of you that may be interested to participate. Another opportunity that
presents itself in this particular issue are the AAM awards nominations that are detailed on
page Xll. Again, | welcome and encourage you to take a few moments of your time and
add some thoughtful consideration to those members of the AAM that could be
considered for fellowship at this time.

|
Il Now, more than ever, | welcome thoughts and suggestions from you, our readership, and |
| sincerely hope that you will continue to keep “mechanics” in mind when you issue a press
| release or a call for papers. If this publication is to continue to remain successful, we
I must identify the areas of interest of our readers and meet their needs in the process. We
must likewise continue to improve our readership — both new and senior members alike —
I which historically has grown over the years.

|

|

|

|

|

|

|

It seems only natural that the very nature of this publication should likewise be to
“update” the members of the AAM with what is going on — not only from the perspective of
Journals (the majority of which are currently available online) but likewise with the news
and goings on of its membership throughout the world.

In the months that follow, you may see many new changes and improvements to the
format of “mechanics.” Some may be subtle, while others may be more of a departure
from the past -- and a change for the good -- and the future. It is my belief that these
changes will reflect the times, and the needs of the members of the AAM as an effective
| communication vehicle. Join me now and in the months to come as we look to the future
I of “mechanics.”

Horacio D. Espinosa, Editor

[T

[




NEWS

| Minutes

— ]
il

| of the Combined 60" Meeting
| of the Board of Directors,

Meeting of the Fellows,
l and Open Meeting of the Members l

L |

In conjunction with the International Congress of Theoretical and Applied Mechanics
(ICTAM 2000), which was held during August 28-September 1, 2000, the combined
Meetings of the Board, the Fellows, and the Members were held on Monday, August
28" 2000 in the Great America VIl Room on the sixth floor of the Chicago Marriott
Downtown Conference Hotel, Chicago, lllinois, USA. These minutes were taken during
the entire meeting, but are submitted as those of the Meeting of the Board.

1. A majority quorum of the Board being present, President Krajcinovic called
the meeting to order at 15:30 CDT. The following were in attendance:
Millard Beatty, David Bogy, Bruno Boley, Richard Christensen, Stephen
Crandall, Isaac Daniel, Earl Dowell, Fazil Erdogan, Robert Haythornthwaite,
Dusan Krajcinovic, Arthur Leissa, Gerard Maugin, Richard Meyer, Dean
Mook, Frank Moon, Subrata Mukherjee, Karl Pister, P. Ponte-Casteneda, K.
Ravi-Chandar, Charles Steele, Stein Sture, and Hans Ingo Weber.

2. D. Mook reported that there were no official meetings in Nashville due to a
lack of a quorum.

3. D. Mook, Secretary of AAM, reported that there are 707 active (paid current
dues) members on the rolls. AAM had donated $3,000 to ICTAM, fulfilling its
pledge.

4. R. Heller, Treasurer of AAM, was not able to attend and sent his regrets and

report with D. Mook. The treasurer’s report showed a balance of $31,249.58
A. Leissa moved to accept the Treasurer’s report, F. Moon seconded, and the
motion passed unanimously by voice vote.

5. R. Haythornthwaite, Publisher of AAM, reported that he put an article in
mechanics and asked that publication be more punctual.

6. C. Steele, Chairman of the PACAM Committee, reported that PACAM VI in
Rio de Janeiro, Brazil, was the largest ever. Chairman Steele will organize a
permanent website for PACAM. The next PACAM, PACAM VII, originally
scheduled for January, 2001, has been postponed for one year. It will be
held as originally planned in the Universidad de la Frontera, Temuco, Chile,
in January, 2002.



10.

11.
12.

13.

14.

15.

The Chairman of PACAM VIl is P. Kittl from the Universidad de Chile in
Santiago, the vice-chairman is G. Diaz, also from U de Chile, Chairman for
North America is D. Mook from Virginia Tech, and the Program Chairman is
J. Geer from Suny, Binghampton. Temuco is in the South of Chile. The
region is alpine with many beautiful lakes, mountains, and hiking trails.

There was some discussion about where to hold PACAM VIIl. The sites
mentioned included Brazil, Canada, Costa Rica, Cuba, and Mexico being the
most favorably received.

H. Espinosa, Editor of Mechanics, was absent and no report was made.

The Awards Committee, which selects the winners of the Outstanding
Service Award and the Junior Achievement Award, did not report. At the
present, the Committee consists of M. Fourney and S. Ostrach.

President Krajcinovic asked those present to approve his appointments to the
Adjudication Committee, the committee that selects the winners of the
Founder’s Prize: R. Haythronthwaite, R. Shield, P. Glockner, and F. Moon.

F. Moon reported that AAM received a $40,000 from NSF. The funds will
pass through Cornell University. The money is to support a workshop/open
forum next spring to discuss future directions for solid mechanics.

There were no Directors Reports
There was no old business.

It was decided to hold the next Meetings in conjunction with IMECE in
Orlando, Florida in November 2000. A meeting room has been reserved for
15:30 EST, Thursday, November 9, 2000. C. Steele moved to thank D.
Krajcinovic for serving as President, E. Dowell seconded, and the motion
passed by acclamation. Because the summer meeting was not held until
August (instead of June) this time, President Krajcinovic may have served
longer than anyone else.

F. Moon was installed as the new President of AAM.

The Meeting was adjourned at 17:00 CDT.



POSITION OPENINGS

Tenure-Track Position in Applied Mechanics

UNIVERSITY OF CALGARY

On the edge and leading the way. The University of Calgary is a modern
university that builds a spirit of discovery and inquiry while delivering a
dynamic life and quality learning experience.

I In accordance with Canadian immigration requirements, priority will be given to I

I Canadian citizens and permanent residents of Canada. The University of Calgary
|

respects, appreciates and encourages diversity.

The Department of Mechanical and Manufacturing Engineering at the University of
| Calgary invites applications from well-qualified national and international candidates for
a tenure-track Assistant Professor position commencing July 1, 2001. This position is for
the general field of applied mechanics with expertise in areas such as continuum
mechanics, computational mechanics and micro mechanics. The applicant must have a
PhD in Mechanical Engineering or Manufacturing Engineering or a related area and
should be eligible to register as a Professional Engineer in the Province of Alberta. The
successful candidate will be expected to establish a strong research program in applied
| mechanics, attract external funding to support research activities, and supervise
graduate students. The candidate will be expected to collaborate with researchers in
applied mechanics and in other research groups within the Department as well as
| outside the Department. Teaching and education is an integral part of this appointment.

The selected candidate should demonstrate the capability and the flexibility to teach

undergraduate and graduate courses in Mechanical and Manufacturing Engineering as
|

well as teach general engineering courses.

The Department has 28 full-time faculty, 16 support staff and state-of-the-art research
and educational facilities. It offers BSc, MSc, MEng, and Ph.D. degrees in both
Mechanical and Manufacturing Engineering, and has over 450 undergraduate students
and over 70 graduate students. The Department is committed to excellence in research
and education. The innovative research programs are well established in Advanced
| Manufacturing and Design, Applied Mechanics, Biomechanics, Energy, Thermo-fluids,
Materials, Mechatronics, Robotics and Controls. Detailed information is available on our
Web site at www.eng.ucalgary.ca/mechanical.

The University of Calgary is a public institution with a full-time student population of over
22,000. The City of Calgary has a population of over 850,000 and is the Canadian
capital of the energy industry. Calgary, home to the 1988 Winter Olympic Games, is one
| of the fastest growing high-tech cities in Canada. It is situated within an hour’s drive of
Banff National Park, one of the most beautiful areas of the Rocky Mountains.A
Il completed CV with three names of references should be submitted by December 20,
I 2000 to: Dr. P.Gu, Professor and Head, Department of Mechanical and Manufacturing

Engineering, The University of Calgary, 2500 University Drive N.W., Calgary, Alberta,
Canada, T2N 1N4.

L




THE DEPARTMENT OF ENGINEERING MECHANICS,
UNIVERSITY OF NEBRASKA-LINCOLN

invites applications for two tenure-track positions; one at the rank of Assistant
Professor, the other being open to all ranks. Applicants in the fields of SOLID
MECHANICS AND DYNAMICS, e.g., mechanics of materials, nonlinear
mechanics and dynamical systems, will be given primary consideration. The
department is especially interested in applicants with research expertise in the
areas of nanoscale engineering, advanced materials synthesis and processing,
microelectromechanical systems, and biomedical/biotechnical engineering.
Required qualifications include an earned doctorate in engineering mechanics or
a closely related field.

Special consideration will be given to applicants who have a demonstrated
potential for teaching at both the undergraduate and graduate levels and for
developing an externally funded research program. An established record in
teaching and research is particularly important for consideration at the higher
ranks. Proficiency in English, both written and oral, is essential. More |
nformation about the department may be found at the website:
http://www.unl.edu/emhome.em.html.

Applications received before February 1, 2001 will receive primary consideration.
Later applications, however, will receive consideration until the positions are
filled. Send vitae, letter of application and names, addresses, and telephone
numbers of at least three professional references to: M.S. Wu., Chair, Faculty
Search Committee, Department of Engineering Mechanics; University of
Nebraska-Lincoln; Lincoln, NE 68588-0526. UNL is committed to a pluralistic
campus community through Affirmative Action and Equal Opportunity and is
responsive to the needs of dual career couples. We assure reasonable
accommodation under the American with Disabilities Act; contact M.S. Wu at
(402) 472-2385 for further assistance.
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AWARDS

Professor Stephen H. Crandall Honored

One of the pioneers in Random Vibration, Professor Stephen H.
Crandall, was recently elected a Foreign Member of the Russian
Academy of Engineering. Professor Crandall served as President of ||
the American Academy of Mechanics from 1997 — 1998, and later ||
received the Distinguished Service Award of the AAM in 1993. ||
Crandall is currently the Ford Professor of Engineering, Emeritus, at

ull|

—

B
\'

L

‘ lonnis Chasiotis Named Winner
of Robert M. and Mary Haythornthwaite Foundation
| 2000-2001 Founders Prize and Grant For Essay
‘ Entitled, “Progress through Mechanics:
The Era of Microelectromechanics
and Nanotechnology”

The American Academy of Mechanics (AAM) President Francis Moon has
awarded the Robert M. and Mary Haythornthwaite Foundation Foundes Prize
and Grant for 2000-2001 to lonnis Chasiotis. Chasiotis, a Graduate Student at
‘ the California Institute of Technology at Pasadena, California, is currently
working owards his Ph.D. in Aeronautics.

As a special inclusion to “mechanics,” we are publishing a copy of his winning ||
essay on the pages that follow. The American Academy of Mechanics, in
conjunction with the Robert M. and Mary Haythornthwaite Foundation continues
to promote academic excellence through its various award prize and grant
opportunities, while encouraging each and every student of Mechanics to

achieve their maximum potential in their research efforts.

|

‘ Watch for future recognition programs to be announced at the AAM website and
in future issues of “mechanics.”

L
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Progress through Mechanics:
The Era of Microelectromechanics
and Nanotechnology

Copyright ©2000, Robert M. and Mary Haythornthwaite Foundation

Submitted by I. Chasiotis*
Graduate Student at the California Institute of Technology
Pasadena, CA
ichasiot@its.caltech.edu

Winner of the Robert M. and Mary Haythornthwaite Foundation
Founders Prize and Grant, 2000-01

The advent of the advanced microelectronics age two decades ago marked the beginning
of a new information and communications era. Multidisciplinary technologies are developing in
order to meet increasingly complex requirements. In particular, experience in mechanics is being
transferred, modified and further improved to address new challenges. Information technologies
play a leading role today, and the necessary hardware remains significantly mechanical in nature.
CD-ROM and DVD-ROM drives and hard drives integrate mechanical, electronic, magnetic and
optical components that need to be ultra-small and light, as well as reliable and robust.

Because of the significance of these applications and the maturity level of
microelectronics, research has been directed in the last decade to the "small world,” namely to
new micro- and nano-technologes. Parallel progress in mechanics and electronics has created a
new technology, incorporating mechanics and electronics under the name of Micro Electro
Mechanical Systems (MEMS) that is rapidly becoming a most promising technology, with
seemingly unlimited potential to dominate future technological developments. The world market
for MEMS is estimated to soar from 14 billion dollars this year to 38 billion dollars by the year
2002 (1). Mechanics will play a leading role in the development of new MEMS applications,
including devices that perform either basic functions, such as airbag accelerometers and radio
frequency micro-switches for wireless communications or advanced tasks, such as micro-
gyroscopes, digital micro-mirror displays and pico-satellites.

These new systems with embedded micro-actuators, micro-sensors, and control devices
developed for guidance, navigation, motion control and high resolution flow visualization can
provide experimental evidence about small-scale phenomena and thus verify fundamental
principles in the microcosm. Applications in micro-fluidics contribute to effective drug delivery
while BIOMEMS are increasingly gaining the interest of the engineering and scientific community.
Cost-effective methods will emerge with the mass production of MEMS that consume minimal
energy and are fabricated with little chemical waste. New MEMS products will incorporate
advanced piezoelectric, ferroelectric, or magnetostrictive smart materials with particular
applications and functions. They will allow "intelligent” micro machines to function with unmatched
performance. Whenever mechanics can replace electronics, it provides superior functionality and
is not subject to undesirable electronic noise. For example, the classical electronic components of
fiber-optic networks are now being replaced with optical MEMS switches that enable the creation
of arrays of miniature high capacity switches that will play a critical role in the development of
large-scale optical switches in future fiber-optic networks.

Although MEMS design and operation is a new field, newer technologies have emerged
in the form of Micro Opto Electro Mechanical Systems (MOEMS) and BIOMEMS. Possible are
future NEMS (Nano Electro Mechanical Systems) given that the electronics community operates



VI

at the nanoscale for reproducing features with dimensions on the order of 150nm. Photonics
technologists are targeting 30nm for the next decade.

The mass production of MEMS with identical geometries guarantees consistent
performance and faithful execution of the design standards. However, the reliability of these
devices has to be meticulously assessed and this is a vital requirement for further improvements
and more widespread adoption. The recently demonstrated 1 MHz micro-motors (2) suggest the
extraordinary potential of MEMS, but short lifetimes indicate an immediate need for a better
understanding of the actual mechanisms that lead to failure. Experimental techniques for
measuring mechanical and material properties must be developed to address the critical and
fundamental questions of constitutive and fracture behavior at realistic MEMS micro-scales.
Materials testing and stress analyses are key parts of this development and existing experimental
methods need to be refined or completely redesigned to match the new size challenges and
requirements. Tools necessary for visualization of deformations on a small scale are already
available. Scanning Electron Microscopes are instruments capable of high resolution, while the
newly developed Atomic Force Microscope provides unprecedented resolving power and
unparalleled flexibility to operate in virtually any environment to facilitate material tests under a
variety of conditions. Computational mechanics and finite element methods have reached the
level of maturity needed to develop new CAD and modeling capabilities for micro-devices and
new and improved manufacturing techniques.

These new challenges need to be met by a methodical effort of the mechanics
community concerned with MEMS. Device design, manufacturing, testing and reliability
assessment should be addressed in a coordinated effort that weighs all the aforementioned
aspects of MEMS development equally. To date, the manufacturing sector has demonstrated
considerable activity in attracting the majority of financial support and the attention of the
academic and industrial communities. Presently, the micromechanics field is application driven,
and reliability has been addressed without an adequate understanding of mechanics. Only
isolated cases have been studied without developing the appropriate general tools and methods
to resolve the issue of mechanical integrity. Novel and important applications require a
mechanics-based reliability assessment. Before the introduction and perfection of new
micromachines can be accomplished, the mechanics community needs to demonstrate the
requisite progress. Residual stresses, stress concentration effects at micro-notches and corners
and failure by crack propagation are becoming increasingly significant, often causing a temporary
halt to the research on new microstructures. The required experimental and analytical tools are,
in principle, already available at a level of development that makes such investigations feasible.
The mechanics research community must pay careful attention to the early stages of micro
technology development and coordinate its efforts.

Today, many aspects of mechanics are being reinvented, although at varying scales. The
rapidly developing field of MEMS parallels the progress in microelectronics thirty years ago that
led to modern high-power microprocessors and ultra-fast computers. A coordinated
interdisciplinary effort and continuous support of the mechanics community are essential to fully
develop the new worlds of microelectromechanics and nanotechnology.

###
(1) Source: Nexus Task Force
(2) Sandia National Labs

* [Partially Edited by Adjudication Committee Members For Publication Purposes]



Fellow Awardees for 1999
American Academy of Mechanics

-

“mechanics” wishes to recognize the 1999 Awardees for Fellowship that ‘

were previously selected by the American Academy of Mechanics. Every

year at this time, the Fellowship of AAM may elect to give consideration to

nominations from among member Fellows for the AAM. As the 1999 |
|

awardees were not previously listed in “mechanics,” we are acknowledging
their fine accomplishment in this endeavor today. For the future, it is our

‘ desire and hope to be able to publish the new Fellow memberships as soon
as they are announced.

‘ With the meeting coming up in Orlando next month, the AAM will be
considering nominations for Year 2000 Fellowships. Watch for updated
information in the next issue of “mechanics.” I

L

Professor Mary C. Boyce

Professor Boyce has been on the faculty of the Department of Mechanical Engineering at the
Massachusetts Institute of Technology since 1987, when she received her Ph.D. from there.
Boyce’s field of research is the mechanics of polymers, with emphasis on experimentation and
large-strain constitutive modeling. Her previous honors include the NSF Presidential Young
Investigator Award (1991-1996) and the ASME Young Investigator in Applied Mechanics Award
(1998).

The citation for Professor Mary C. Boyce’'s American Academy of Mechanics Fellowship Award is

“for innovative development of successful constitutive models for large-strain behavior of
polymers.”

Professor John P. Dempsey

Professor Dempsey has been on the faculty of the Department of Civil and Environmental
Engineering at Clarkson University, Potsdam, NY, since 1980. He began his career with the
University after having received his Ph.D. from the University of Aukland, New Zealand and
having completed another post-doc year at Northwestern University in Evanston, IL. His field of
research is large-scale sea ice mechanics, especially fracture. His previous honors include the
ASCE Walter Huber Civil Engineering Research Prize (1993), Fellow of ASCE and of ASME
(1996), and Fellow of Churchill College, University of Cambridge (1998-1999).

The citation for Professor John P. Dempsey’s American Academy of Mechanics Fellow Award is
“for path breaking analytical and experimental work on the constitutive behavior and the fracture
processes of seaice.”



Professor Marcelo Epstein

Professor Epstein has been on the faculty of the Department of Mechanical Engineering at the
University of Calgary since 1976. Previously, he was a lecturer at the Technion-Israel Institute of
Technology where he received his Ph.D. in 1972, and at the University of Alberta, Edmonton. His
field of research is in the entire spectrum of both fundamental and applied topics in continuum
solid and structural mechanics. In addition to his many accomplishments, Epstein is fluent in five
modern languages and is likewise well versed in three classical ones.

Professor Marcelo Epstein’s citation for the American Academy of Mechanics Fellowship Award

is “for his outstanding contributions to the foundations and applications of continuum solid,
analytical, and applied mechanics.”

Professor Stelios Kyriakides

Professor Kyriakides has been on the faculty of the Department of Aerospace Engineering and
Engineering Mechanics at the University of Texas at Austin since 1980, and has been the
Director of the Research Center for Mechanics of Solids since 1996. Kyriakides received his
Ph.D. from the California Institute of Technology in 1980. His field of research is experimental
mechanics with emphasis on propagating instabilities. Previous honors for Professor Kyriakides
include the NSF Presidential Young Investigator Award (1984-1989), ASCE Walter Huber Civil
Engineering Research Award (1992), and Fellow of ASME (1997).

Professor Stelios Kyriakides’ citation for his American Academy of Mechanics Fellowship Award
is “for his contributions to experimental mechanics especially concerning propagating instabilities
in structures and materials.”

“mechanics”
extends its very best wishes

and hearty congratulations

to each of the 1999 Fellowship Awardees

for the American Academy of Mechanics.
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Fellows of the American Academy of Mechanics ]

often helpful to present a current listing and/or update in the latest issue of mechanics. Our current listing is
as it appears below. If for some reason your name is either listed incorrectly, or if it has been inadvertently
left off, please email your corrections to: mechl@clifton.mech.northwestern.edu

In an effort to keep our membership informed of the latest information, we will be compiling the updated
information and posting it to our website in the near future. To facilitate this, updated names, titles, and
addresses with e-mails, would be appreciated from all of our fellows. You may forward this information to

As our Fellowship in the American Academy of Mechanics changes and/or grows from time to time, it is | |
(|
(|
|
|
|

the address listed above. Thanks for your assistance.

Dr H. Norman Abramson
Professor Jan D Achenbach
Professor S. T. Ariaratnam
Dr. S. N. Atluri

Dr. Samuel B. Batdorf
Professor Romesh C. Batra
Professor Z. P. Bazant
Professor Millard F. Beatty
Professor Ted B. Belytschko
Professor Stanley A. Berger
Professor Charles W. Bert
Professor Rohan Beyaratne
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AAM AWARD NOMINATIONS

The Awards Committee of the American Academy of Mechanics
requests nominations for the following two awards
to be presented at the upcoming
ASME
International Mechanical Engineering
Congress and Exposition in November, 2001

The 2001 American Academy of Mechanics
Outstanding Service Award

Preliminary nominations should consist of a one-page letter describing the outstanding
service of the nominee to the Academy as well as to the profession, along with a one-
page biographical sketch of the nominee, together with the names of at least three
people willing to write letters of support in the event that the Awards Committee requests
them.

The 2001 American Academy of Mechanics
Junior Award

This award, which will be based primarily on research accomplishments, is open to
mechanicians whose highest degree was conferred after December 31, 1990.

Preliminary nominations will consist of a one-page nominating letter, a one-page
curriculum vitae, and re- (or pre-) prints of the candidate’s best three papers. In the case
of co-authorship of any work submitted, the candidate’s contribution must be clearly and
explicitly indicated in an attached note.

Please Note:
All preliminary nominations for both awards must be postmarked by October 1, 2001.
Those that do not arrive in a timely fashion will not be considered.

Once the preliminary materials are reviewed, additional biographical and complete
dossiers may be requested of applicants under consideration.

For additional information, please do not hesitate to contact Professor Simon Ostrach at
sxo3@po.cwru.edu or Professor M. Fourney at fourney@seas.ucla.edu, who are current
members of the awards committee.




ASTM
Recognizes
Robert J. Sanford
As 2000 Swedlow
Lecturer

The American Society for Testing
and Materials (ASTM) has named Robert
J. Sanford, professor emeritus in the
Mechanical Engineering Department at
the University of Maryland in College
Park as the 2000 Jerry L. Swedlow
Lecturer. Speaking at the 32" National
Symposium on Fatigue and Fracture
Mechanics, his presentation was aptly
entitted, “The Collocation Method In
Fracture Mechanics: Then and Now.”

A recognized international
authority in the field of optical
techniques for experimental mechanics,
Sanford currently is focusing his
research efforts on a variety of analytical
and experimental methodologies
covering fracture mechanics.
Specifically, the emphasis of his
research involves stress intensity factor
determinations under static and dynamic
conditions. He is likewise currently
working on a fracture mechanics
textbook that is  scheduled for
publication in 2001.

Prior to his academic career,
Robert J. Sanford was engaged both as a
research engineer and section head at
the Naval Research Laboratory in
Washington, D.C. His most recent
appointment positioned him as head of
the Structural Reliability Section for the
Marine Technology Division.
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Robert J. Sanford
2000 ASTM Swedlow Lecturer

A known author of more than 100
papers and reports, he is likewise the
recipient of numerous awards for his
published works. As a member of ASTM,
Sanford has been involved in the
organization of many ASTM symposia on
fracture mechanics. Sanford is a lifetime
member of the American Society of
Mechanical Engineers, a member of
Sigma Tau, and a founding member of
the American Academy of Mechanics. In
addition to a B.M.E., and an M.S.E. in
Solid Mechanics from George
Washington University, Sanford also has
a Ph.D. in Solid Mechanics from the
Catholic University of America.

ASTM was organized in 1898 and
serves as one of the largest voluntary
standard development organizations in
the world.



Stephen W. Hopkins

Hopkins, a senior managing engineer at
Exponent Failure Analysis Associates in
Menlo Park, California, is a member of
the ASTM Board of Directors, and is a
past chairman of Committee EO8 and
currently serves on several of its
subcommittees. A member of ASTM
Committee E28 on Mechanical Testing,
Hopkins is also a fellow of ASTM and a
recipient of Awards of Appreciation.

Hopkin’s specializes in mechanical
engineering issues related to component
failure analysis, lifetime predictions,
experimental stress analysis,
instrumentation, and data acquisition.

An expert in fracture mechanics, Hopkins
is involved in the research of fatigue,
creep, stress corrosion, and test
methods development for plastics,
metals and reinforced composites.

Prior to his current position with
Exponent, Stephen W. Hopkins held
several positions with the Pratt and
Whitney Aircraft Company, the latest of
which was senior materials engineer in
the Mechanical Behavior Section of the
Materials Engineering and Research
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ASTM AWARDS
FRACTURE
MECHANICS MEDAL

TO
STEPHEN W. HOPKINS

Stephen W. Hopkins, P.E. has received
the 2000 Fracture Mechanics Medal,
awarded by ASTM Committee EO8 on
Fatigue and Fracture. The award itself
recognizes those significant
contributions that exert a profound and
positive effect on the development of
fracture mechanics.

Laboratory. Hopkins holds an A.S. in
mechanical engineering from Wentworth
University, a B.S. in mechanical
engineering from the University of New
Haven, and an M.S. in Applied Science
from Rensellaer Polytechnic Institute.

Active in many organizations in his field,
Hopkins is associated with ASM
International, the Society for
Experimental Mechanics, the American
Academy of Mechanics, the American
Society of Mechanical Engineering, the
British Society for Strain Measurements,
the Society of Automotive Engineering,
the Society of Plastic Engineers, the
National Society of Professional
Engineers, and the International
Organization for Standardization. He has
written and published numerous papers,
appearing in ASTM and other
professional journals.

ASTM Committee E08 is one of 127 ASTM
technical standards writing committees

of ASTM. Originally organized in 1898, it
is recognized as one of the largest
voluntary standards development
organizations in the world.
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ANNOUNCEMENTS
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( ANNOUNCEMENT AND CALL FOR PAPERS

SYMPOSIUM ON MECHANICS OF TEXTILE MATERIALS
TO BE HELD IN CONJUNCTION WITH
THE 2001 MECHANICS AND MATERIALS
SUMMER CONFERENCE
AT UNIVERSITY OF CALIFORNIA

I Mark your calendars now for June 27-29, 2001, at which time a special symposium on the

I Mechanics of Textile Materials will be offered during the 2001 Mechanics and Materials

I Summer Conference at the University of California, at San Diego, La Jolla, California.
Uniting researchers from the textiles and applied mechanics communities to foster
increased interest in and collaboration on the unique mechanics research needs of textile
materials, the symposium is expected to draw increasing interest in the field.

Textiles are seeing increased use as engineered materials in civil engineering
(geotextiles), composites, inflatable structures, parachute systems, and in protective
armor and containment applications. The development of new textile materials for these

I demanding applications will be greatly advanced by research that provides a basis for
I microstructural design of new materials to supplant traditional trial and error materials
| development.  This symposium will emphasize analytical and experimental work
I concerning micromechanical models for textile and fibrous structures to understand and
|l predict macroscopic mechanical behavior (e.g., stress-strain, strength and failure
behavior). Areas of interest include, but are not limited to: deformation under
lll loading/environmental conditions, damage and failure behavior, fibers, conventional and
lll blended yarns, rope-like structures, fibrous networks, woven fabrics, non-woven fabrics,
I I and knitted fabrics.
|

The symposium proceedings will consist on one-page abstracts in the book of abstracts
for the Mechanics and Materials Conference. Prospective authors are invited to prepare
I an abstract that should include title, author(s), affiliation(s), e-mail address, text and
|l references. Submitted abstracts should be no more than one page in length, 12-pt. Font,
| with one-inch margins on all four sides. The presenting author's name should be

l underlined. Deadline for abstracts will be January 30, 2001. For general conference

| information visit the conference website at http://www-ceam.ucsd.edu/MMC2001.

|
| Organizers are Dr. Thomas A. Godfrey, US Army Soldier & Biological Chemical Command,

| Natick Soldier Center, Natick, MA 01760-5020, Telephone: (508) 233-4675, Fax: (508) 233-
| 5104, E-Mail: Thomas.Godfrey@natick.army.mil; Professor Mohammed A. Zikry,
| Department of Mechanical & Aerospace Engineering, Box 7910, Broughton Hall, Room

3211, North Carolina State University, Raleigh, NC 27695-7910.
|
!

T ——
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Technical Committee on Vibration and Sound W
Design Engineering Division & ﬁ
The American Society of Mechanical Engineers "
http://www.me.psu.edu/tcvs ._ ASME International
ANNOUNCEMENT
Solicitation for Nominations
for the
J. P. Den Hartog Award
and the

N. O. Myklestad Award

The Technical Committee on Vibration and Sound (TCVS) of the ASME
DesignEngineering Division solicits nominations for the 2001 J. P. Den Hartog
and the N. O. Myklestad Awards. These awards will be presented at the 18th
ASME Biennial Conference on Mechanical Vibration and Noise, as part of the
ASME International 2001 Design Engineering Technical Conferences to be
held in Pittsburgh, Pennsylvania, September 9-12, 2001.

The Den Hartog Award, established in 1987, is presented in recognition of
lifetime contributions to the teaching and practice of vibration engineering. The
Myklestad Award, established in 1989, is presented in recognition of a major
innovative contribution(s) to vibration engineering.

Submit all nominations to the TCVS Awards Subcommittee Chair listed below.
Important due dates for the nomination process are as follows:

January 10, 2001 Letters of nomination from nominators;

January 31, 2001 3 to 5 letters of support, nominee’s curriculum vitae, and other
supporting documents.

Professor Robert G. Parker

Department of Mechanical Engineering

The Ohio State University

206 W. 18th Avenue

Columbus, OH 43210-1107

Phone: 614-688-3922

Fax: 614-292-3163

Email: parker.242@osu.edu

Inquiries should be directed to either the TCVS Chair
(Dr. Chin An Tan, tel: 313-577-3888, E-mail: tan@tan.eng.wayne.edu) or the
TCVS Awards Subcommittee Chair.
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6" U.S. National Congress on Computational Mechanics
Symposium on Computational Mechanics Education

August 1- 4, 2001
Dearborn Michigan

CALL FOR PAPERS, PANELISTS & PARTICIPANTS

» If you are interested in, deliver or direct computational mechanics education at
the undergraduate or graduate level,

e or if you support computational mechanics education as a benefactor, or through
industry or through government,

* then join with us as an author, session organizer, panelist and/or participant.

CONTACT: njsalamon@psu.edu or Hulbert@umich.edu

GENERAL THEME: The Computational Mechanics Curriculum:
Current & Future

Undergraduate Suggestions:

»  What courses/sequences/topics are best for learning computational mechanics at
the undergraduate level? C, Fortran, others? What numerical methods? Linear
algebra? How do we integrate these with core courses?

e How do we meet the new ABET criterion and even exploit it to enhance the
undergraduate mechanics minor and prepare undergraduates for professional
careers in applied computational mechanics?

* Can we integrate computational mechanics with CAD and design, experiments
and data mining, CAM and manufacturing?

e Status of learning over the Internet? And through electronic programs like
NAFEMS and GRANTA? Electronic media in the classroom?

Graduate Suggestions:

*  What are curriculum objectives in your program? With a plethora of possibilities,
what courses/topics do you include? Just what constitutes a core computational
mechanics set?

For further information refer to the conference site:
http:.//www.esm.psu.edu/htmlis/conferences/usccm
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STLE ANNOUNCES NEW CONFERENCE ON

CONDITION MONITORING

ull|

—

In response to a growing international interest in oil condition monitoring, the Society of
| Tribologists and Lubrication Engineers (STLE) is sponsoring a new conference and |
exhibition targeted to end users of lubrication products and all those interested in
condition monitoring. The event will be held February 24-28, 2001 at the Adam’s Mark
| Hotel, San Antonio, Texas. |

Aptly named “Condition Monitoring 2001 Conference and Exhibition,” the event will
include plenary sessions with world-renowned speakers, two education course on
condition monitoring and related topics, technical sessions on a variety of subjects, and
exhibits of the latest testing equipment, services, and products serving the industry.

| Additionally, a special escorted tour will be available of the Southwest Research Institute |
Facilities, just outside of San Antonio. The institute has one of the most modern and ‘

| |
! | extensive research laboratories in the U.S. !

Certification exams for Oil Monitoring Analysts (OMA) as well as Certified Lubrication
Specialists (CLS) will be offered during the conference event. The OMA courses and
exams are the newest certification offerings from STLE. To date, these have proved to
be very popular with individuals and companies, especially those concerned with cost
effective approaches for ISO 9000 standards.

| This conference will also offer the popular Commercial Marketing Forum sessions. |
These are 20 minute sessions at which companies can present details on their latest
product or service. An interactive question and answer session is part of the typical
| Forum session. These sessions have grown in popularity in the last several years of the |
STLA Annual Meetings.

According to STLE President Michel Murphy, “This conference and exhibition is being
| staged in one of the most exciting destinations in the United States. San Antonio is not |
only a world class tourist destination, it is also right in the heart of oil country — the great
state of Texas — so it is particularly convenient to individuals and companies throughout
| the Southwest and Mexico.” Murphy added, “The mission of this conference will be to |
prodide education and certification to lubrication end users on the best practices in the
field.”

Attendees are likewise encouraged to bring their families to take advantage of the many
tourist attractions and social activities in and around San Antonio. One of the most
famous, of course, is the Alamo, which has the site of a famous battle during the Texas
| war for independence. |

‘ To ensure that you receive future mailings and/or more information on the conference,
| contact STLE headquarters by telephoning (847) 825-5536 in the U.S., or Fax STLE at |
(847) 825-1456. You may also e-mail STLE at: information@stle.org or regularly visit

the STLE web site at www.stle.org.
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STLE 2000 — 2001 Membership Directory Now Available

The Society of Tribologists and Lubrication Engineers (STLE) are proud to announce the
availability of a new and improved 2000 - 2001 membership directory. The directory is
available to both members and non-members, and serves as a useful reference and
networking tool for all STLE members.

Highlights of the directory include a comprehensive listing of all 4,400 STLE members in
the U.S., Canada, and around the world, as well as e-mail address for many members
(approximately 2,500). Contact information for leadership volunteers on the Board of
Directors, technical committees and councils, and all of the 35 local sections is likewise
included. STLE program information about publishing opportunities, scholarships, annual
meetings, and more are included, as well as a guide to STLE headquarters staff contacts.

Copies are priced at $25.00 each for members, and $125.00 for non-members. You may
place an order by contacting the STLE Membership Department at (847) 825-5536. You
may also e-mail requests to information@stle.org or visit the website www.stle.org for
more information and an on-line order form.

The directory is published for the private and non-commercial use of STLE members and
others involved with tribology and lubrication. STLE does not make member information
available for general marketing purposes. Founded in 1944, STLE is a not-for-profit
society that seeks to advance the knowledge and application of the science of lubrication
engineering and tribology. STLE is located in Park Ridge, lllinois, USA at 840 Busse
Highway.

"Tribology Transactions" October Issue Breaks Record

——

The Society of Tribologists and Lubrication Engineers (STLE) announced recently that its
| advance research journal, Tribology Transactions, would publish their largest and most |||
| comprehensive issue to date during October. Since its inception in 1957, Tribology |||
| Transactions has published more than 2,000 papers on a variety of topics in the fields of |||
I tribology and lubrication. I I

The issue cited contains 39 scientific and technical papers covering theoretical aspects of
tribology. Of the total published, eight were contributed. The remaining 31 were
previously presented at four STLE annual meetings and two Fall Tribology Conferences
(co-sponsored by STLE and ASME each year). The sister publication to Lubrication
Engineering, Tribology Transactions is published quarterly by the professional society
that has over 4,300 individual members and approximately 200 corporate members
worldwide.

tribology worldwide have read and referenced it. Tribology Transactions is read and
referenced by nearly 1,000 leaders in the field of tribology research, and as such is one of
the most referenced journals in the industry, according to independent research.

|
I As one of the most referenced journals in the industry, nearly 1,000 leaders in the field of
|

STLE is an individual membership society consisting of technical professionals in
industry, academia, and government/military that are dedicated to advance the knowledge
and application of the science of lubrication engineering and tribology. STLE is located at
840 Busse Highway, Park Ridge, Illlinois, 60068, USA. For further information, please visit
the Society’s website at www.stle.org.

AACE Announces Corporate Sponsorship Program

p—
| ——
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The Association for the Advancement of Cost Engineering (AACE) recently initiated a I
Corporate Sponsorship Program (CSP). Companies that participate will receive a package ||
of benefits designed to develop the skills of their cost management employees through ||
AACE meetings, technical products, certification and educational programs, and ||
networking with peers.

[
CSP is open to government agencies and educational institutions, as well as to private ||
corporations, and was developed as a response to suggestions from industry. The CSP ||
benefits package consists of eight paid employee memberships, advertising the company |||
as a corporate sponsor in AACE publications, special discounts on the purchase of books,
meeting registrations, and certification fees, and a suitably inscribed wall plaque for
displaying the company’s support of AACE through corporate sponsorship.

|
|
|
By sponsoring membership in AACE International, corporations are sending their |
employees the message that it is important to the company that they further their |
professional education and skills development. The company also receives a discount on

certification fees they pay, as employees study to become certified as cost consultants or [
cost engineers. A direct benefit to employers is the improved job performance that results [
from supporting the skills development of their work force, and the third party validation [
by AACE of the credentials of their certified people. I I

Members who fall under the corporate sponsorship classification are entitled to discounts
on AACE seminars, annual meetings, certification fees and publications. Every month, |
sponsored members will receive Cost_Engineering magazine, the premier international ||
journal of cost estimation, costs/schedule control, and project management. They also |
will receive the annual AACE Membership Resource Guide and Directory. This publication |
provides the contact information needed for members to be able to interface with their |
peers on techniques and skills issues. Corporate sponsored members can participate in |
[
[
[

any of the AACE'’s various programs and enjoy all of the benefits of individual AACE
members.

Corporate sponsors (CS) will receive special publicity in cost engineering venues and will
be recognized as leaders with other distinguished CS companies. On an annual basis, a
list of corporate sponsors will be published on the AACE International website, in the
AACE Membership Resource Guide and Directory, and in Cost Engineering Magazine.

|
|
|
To initiate the process of becoming a corporate sponsor, a company must first designate a |
corporate contact. This individual acts as a liaison between the company and the AACE. |
If your company wants to provide its employees with new skills and tools, you should

consider exploring what the AACE’s new program can offer your employees in cost [
estimation, project controls, engineering, scheduling, management, and other related [
functions. You'll benefit from improved performance and capabilities. If you don't invest [
in your employee’s professional development, you should. I I

For further information regarding the CSP and on AACE in general, please check out the

website at http://www.aacei.orq . |

This program is intended to provide even more value to employers, and is a winning |

combination where professional advancement and education result in a more contented |

and productive workforce. l
|
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SELECTIONS OF THE EDITOR

One Hundred Years of Quantum Physics
Reprinted with permission from Science Magazine
Vol. 289, No. 5481, 2000, pp.893-898
Written by Daniel Kleppner and Roman Jackiw
(Science Magazine Corrections Added)

An informed list of the most profound
scientific developments of the 20th century
is likely to include general relativity, guantum
mechanics, big bang cosmology, the
unraveling of the genetic code, evolutionary
biology, and perhaps a few other topics of
the reader’s choice. Among these, quantum
mechanics is unique because of its
profoundly  radical quality.  Quantum
mechanics forced physicists to reshape their
ideas of reality, to rethink the nature of
things at the deepest level, and to revise
their concepts of position and speed, as well
as their notions of cause and effect.

Although quantum mechanics was created
to describe an abstract atomic world far
removed from daily experience, its impact
on our daily lives could hardly be greater.
The spectacular advances in chemistry,
biology, and medicine--and in essentially
every other science--could not have
occurred without the tools that quantum
mechanics made possible. Without quantum
mechanics there would be no global
economy to speak of, because the
electronics revolution that brought us the
computer age is a child of quantum
mechanics. So is the photonics revolution
that brought us the Information Age. The
creation of quantum  physics has
transformed our world, bringing with it all the
benefits--and the risks--of a scientific
revolution.

Unlike general relativity, which grew out of a
brilliant insight into the connection between
gravity and geometry, or the deciphering of
DNA, which unveiled a new world of biology,
guantum mechanics did not spring from a
single step. Rather, it was created in one of
those rare concentrations of genius that
occur from time to time in history. For 20
years after their introduction, quantum ideas
were so confused that there was little basis
for progress; then a small group of

physicists created quantum mechanics in
three tumultuous years. These scientists
were troubled by what they were doing and
in some cases distressed by what they had
done.

The unique situation of this crucial yet
elusive theory is perhaps best summarized
by the following observation: Quantum
theory is the most precisely tested and most
successful theory in the history of science.
Nevertheless, not only was quantum
mechanics deeply disturbing to its founders,
today--75 vyears after the theory was
essentially cast in its current form--some of
the luminaries of science remain dissatisfied
with its foundations and its interpretation,
even as they acknowledge its stunning
power.

This year marks the 100th anniversary of
Max Planck’s creation of the quantum
concept. In his seminal paper on thermal
radiation, Planck hypothesized that the total
energy of a vibrating system cannot be
changed continuously. Instead, the energy
must jump from one value to another in
discrete steps, or quanta, of energy. The
idea of energy quanta was so radical that
Planck let it lay fallow. Then, Einstein, in his
wonder year of 1905, recognized the
implications of quantization for light. Even
then the concept was so bizarre that there
was little basis for progress. Twenty more
years and a fresh generation of physicists
were required to create modern quantum
theory.

To understand the revolutionary impact of
guantum physics one need only look at
prequantum physics. From 1890 to 1900,
physics journals were filled with papers on
atomic spectra and essentially every other
measurable property of matter, such as
viscosity, elasticity, electrical and thermal
conductivity, coefficients of expansion,



indices of refraction, and thermoelastic
coefficients. Spurred by the energy of the
Victorian work ethic and the development of
ever more ingenious experimental methods,
knowledge accumulated at a prodigious
rate.

What is most striking to the contemporary
eye, however, is that the compendious
descriptions of the properties of matter were
essentially empirical. Thousands of pages of
spectral data listed precise values for the
wavelengths of the elements, but nobody
knew why spectral lines occurred, much less
what information they conveyed. Thermal
and electrical conductivities were interpreted
by suggestive models that fitted roughly half
of the facts. There were numerous empirical
laws, but they were not satisfying. For
instance, the Dulong-Petit law established a
simple relation between specific heat and
the atomic weight of a material. Much of the
time it worked; sometimes it didn't. The
masses of equal volumes of gas were in the
ratios of integers--mostly. The Periodic
Table, which provided a key organizing
principle for the flourishing science of
chemistry, had absolutely no theoretical
basis.

Among the greatest achievements of the
revolution is this: Quantum mechanics has
provided a quantitative theory of matter. We
now understand essentially every detail of
atomic structure; the Periodic Table has a
simple and natural explanation; and the vast
arrays of spectral data fit into an elegant
theoretical framework. Quantum theory
permits the quantitative understanding of
molecules, of solids and liquids, and of
conductors and semiconductors. It explains
bizarre phenomena such as
superconductivity and superfluidity, and
exotic forms of matter such as the stuff of
neutron stars and Bose-Einstein
condensates, in which all the atoms in a gas
behave like a single superatom. Quantum
mechanics provides essential tools for all of
the sciences and for every advanced
technology.

Quantum physics actually encompasses two
entities. The first is the theory of matter at
the atomic level: qguantum mechanics. It is
guantum mechanics that allows us to
understand and manipulate the material
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world. The second is the quantum theory of
fields. Quantum field theory plays a totally
different role in science, to which we shall
return later.
Quantum Mechanics

The clue that triggered the quantum
revolution came not from studies of matter
but from a problem in radiation. The specific
challenge was to understand the spectrum
of light emitted by hot bodies: blackbody
radiation. The phenomenon is familiar to
anyone who has stared at a fire. Hot matter
glows, and the hotter it becomes the brighter
it glows. The spectrum of the light is broad,
with a peak that shifts from red to yellow and
finally to blue (although we cannot see that)
as the temperature is raised.

It should have been possible to understand
the shape of the spectrum by combining
concepts from  thermodynamics and
electromagnetic theory, but all attempts
failed. However, by assuming that the
energies of the vibrating electrons that

radiate the light are quantized, Planck
obtained an expression that agreed
beautifully with experiment. But as he

recognized all too well, the theory was
physically absurd, "an act of desperation,"
as he later described it.

Planck applied his quantum hypothesis to
the energy of the vibrators in the walls of a
radiating body. Quantum physics might have
ended there if in 1905 a novice--Albert
Einstein--had not reluctantly concluded that
if a vibrator's energy is quantized, then the
energy of the electromagnetic field that it
radiates--light--must also be quantized.
Einstein thus imbued light with particlelike
behavior, notwithstanding that James Clerk
Maxwell's theory, and over a century of
definitive experiments, testified to light's
wave nature.

Experiments on the photoelectric effect in
the following decade revealed that when
light is absorbed its energy actually arrives
in discrete bundles, as if carried by a
particle. The dual nature of light--particlelike
or wavelike depending on what one looks for
-- was the first example of a vexing theme
that would recur throughout quantum
physics. The duality constituted a theoretical
conundrum for the next 20 years.



The first step toward quantum theory had
been precipitated by a dilemma about
radiation. The second step was precipitated
by a dilemma about matter. It was known
that atoms contain positively and negatively
charged particles. But oppositely charged
particles attract. According to
electromagnetic theory, therefore, they
should spiral into each other, radiating light
in a broad spectrum until they collapse.

Once again, the door to progress was
opened by a novice: Niels Bohr. In 1913,
Bohr proposed a radical hypothesis:
Electrons in an atom exist only in certain
stationary states, including a ground state.
Electrons change their energy by "jumping"
between the stationary states, emitting light
whose wavelength depends on the energy
difference. By combining known laws with
bizarre  assumptions  about quantum
behavior, Bohr swept away the problem of
atomic stability. Bohr's theory was full of
contradictions, but it provided a quantitative
description of the spectrum of the hydrogen
atom. He recognized both the success and
the shortcomings of his model. With
uncanny foresight, he rallied physicists to
create a new physics. His vision was
eventually fulfilled, although it took 12 years
and a new generation of young physicists.

At first, attempts to advance Bohr’'s quantum
ideas--the so-called old quantum theory--
suffered one defeat after another. Then a
series of developments totally changed the
course of thinking.

In 1923 Louis de Broglie, in his Ph.D. thesis,
proposed that the particle behavior of light
should have its counterpart in the wave
behavior of particles. He associated a
wavelength with the momentum of a particle:
The higher the momentum the shorter the
wavelength. The idea was intriguing, but no
one knew what a particle’s wave nature
might signify or how it related to atomic
structure.  Nevertheless, de Broglie's
hypothesis was an important precursor for
events soon to take place.

In the summer of 1924, there was yet
another precursor. Satyendra N. Bose
proposed a totally new way to explain the
Planck radiation law. He treated light as if it
were a gas of massless particles (now called
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photons) that do not obey the classical laws
of Boltzmann statistics but behave according
to a new type of statistics based on particles’
indistinguishable nature. Einstein
immediately applied Bose’s reasoning to a
real gas of massive particles and obtained a
new law -- to become known as the Bose-
Einstein distribution--for how energy is
shared by the particles in a gas. Under
normal circumstances, however, the new
and old theories predicted the same
behavior for atoms in a gas. Einstein took no
further interest, and the result lay
undeveloped for more than a decade. Still,
its key idea, the indistinguishability of
particles, was about to become critically
important.

Suddenly, a tumultuous series of events
occurred, culminating in a scientific
revolution. In the 3-year period from January
1925 to January 1928:

- Wolfgang Pauli proposed the exclusion
principle, providing a theoretical basis for the
Periodic Table.

- Werner Heisenberg, with Max Born and
Pascual  Jordan, discovered matrix
mechanics, the first version of quantum
mechanics. The historical goal of
understanding electron motion within atoms
was abandoned in favor of a systematic
method for organizing observable spectral
lines.

Erwin  Schrodinger invented wave
mechanics, a second form of quantum
mechanics in which the state of a system is
described by a wave function, the solution to
Schrédinger's equation. Matrix mechanics
and wave mechanics, apparently
incompatible, were shown to be equivalent.

- Electrons were shown to obey a new type
of statistical law, Fermi-Dirac statistics. It
was recognized that all particles obey either
Fermi-Dirac  statistics or Bose-Einstein
statistics, and that the two classes have
fundamentally different properties.

Heisenberg enunciated the Uncertainty
Principle.

- Paul A. M. Dirac developed a relativistic
wave equation for the electron that



explained electron
antimatter.

spin and predicted

- Dirac laid the foundations of quantum field
theory by providing a quantum description of
the electromagnetic field.

Bohr announced the complementarity
principle, a philosophical principle that
helped to resolve apparent paradoxes of
quantum theory, particularly wave-particle
duality.

The principal players in the creation of
quantum theory were young. In 1925, Pauli
was 25 years old, Heisenberg and Enrico
Fermi were 24, and Dirac and Jordan were
23. Schrédinger, at age 36, was a late
bloomer. Born and Bohr were older still, and
it is significant that their contributions were
largely interpretative. The profoundly radical
nature of the intellectual achievement is
revealed by Einstein's reaction. Having
invented some of the key concepts that led
to quantum theory, Einstein rejected it. His
paper on Bose-Einstein statistics was his
last contribution to quantum physics and his
last significant contribution to physics.

That a new generation of physicists was
needed to create quantum mechanics is
hardly surprising. Lord Raleigh described
why in a letter to Bohr congratulating him on
his 1913 paper on hydrogen. He said that
there was much truth in Bohr's paper, but he
would never understand it himself. Raleigh
recognized that radically new physics would
need to come from unfettered minds.

In 1928, the revolution was finished and the
foundations of quantum mechanics were
essentially complete. The frenetic pace with
which it occurred is revealed by an anecdote
recounted by the late Abraham Pais in
Inward Bound. In 1925, the concept of
electron spin had been proposed by Samuel
Goudsmit and George Uhlenbeck. Bohr was
deeply skeptical. In December, he traveled
to Leiden, the Netherlands, to attend the
jubilee of Hendrik A. Lorentz's doctorate.
Pauli met the train at Hamburg, Germany, to
find out Bohr's opinion about the possibility
of electron spin. Bohr said the proposal was
"very, very interesting," his well-known put-
down phrase. Later at Leiden, Einstein and
Paul Ehrenfest met Bohr's train, also to
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discuss spin. There, Bohr explained his
objection, but Einstein showed a way around
it and converted Bohr into a supporter. On
his return journey, Bohr met with yet more
discussants. When the train passed through
Gottingen, Germany, Heisenberg and
Jordan were waiting at the station to ask his
opinion. And at the Berlin station, Pauli was
waiting, having traveled especially from
Hamburg. Bohr told them all that the
discovery of electron spin was a great
advance.

The creation of quantum mechanics
triggered a scientific gold rush. Among the
early achievements were these: Heisenberg
laid the foundations for atomic structure
theory by obtaining an approximate solution
to Schrddinger's equation for the helium
atom in 1927, and general techniques for
calculating the structures of atoms were
created soon after by John Slater, Douglas
Rayner Hartree, and Vladimir Fock. The
structure of the hydrogen molecule was
solved by Fritz London and Walter Heitler;
Linus Pauling built on their results to found
theoretical chemistry. Arnold Sommerfeld
and Pauli laid the foundations of the theory
of electrons in metals, and Felix Bloch
created band structure theory. Heisenberg
explained the origin of ferromagnetism. The
enigma of the random nature of radioactive
decay by alpha particle emission was
explained in 1928 by George Gamow, who
showed that it occurs by quantum-
mechanical tunneling. In the following years
Hans Bethe laid the foundations for nuclear
physics and explained the energy source of
stars. With these developments atomic,
molecular, solid state, and nuclear physics
entered the modern age.

Controversy and Confusion

Alongside these advances, however, fierce

debates were taking place on the
interpretation and validity of quantum
mechanics. Foremost among the

protagonists were Bohr and Heisenberg,
who embraced the new theory, and Einstein
and Schrodinger, who were dissatisfied. To
appreciate the reasons for such turmoil, one
needs to understand some of the key
features of quantum theory, which we
summarize here. (For simplicity, we describe
the Schrédinger version of quantum



mechanics, sometimes called wave

mechanics.)

Fundamental description: the wave function.
The behavior of a system is described by
Schrodinger's equation. The solutions to
Schrodinger's equation are known as wave
functions. The complete knowledge of a
system is described by its wave function,
and from the wave function one can
calculate the possible values of every
observable quantity. The probability of
finding an electron in a given volume of
space is proportional to the square of the
magnitude of the wave function.
Consequently, the location of the particle is
"spread out" over the volume of the wave
function. The momentum of a particle
depends on the slope of the wave function:
The greater the slope, the higher the
momentum. Because the slope varies from
place to place, momentum is also "spread
out." The need to abandon a classical
picture in which position and velocity can be
determined with arbitrary accuracy in favor
of a blurred picture of probabilities is at the
heart of quantum mechanics.

Measurements made on identical systems
that are identically prepared will not yield
identical results. Rather, the results will be
scattered over a range described by the
wave function. Consequently, the concept of
an electron having a particular location and
a particular momentum loses its foundation.
The Uncertainty Principle quantifies this: To
locate a particle precisely, the wave function
must be sharply peaked (that is, not spread
out). However, a sharp peak requires a
steep slope, and so the spread in
momentum will be great. Conversely, if the
momentum has a small spread, the slope of
the wave function must be small, which
means that it must spread out over a large
volume, thereby portraying the particle's
location less exactly.

Waves can interfere. Their heights add or
subtract depending on their relative phase.
Where the amplitudes are in phase, they
add; where they are out of phase, they
subtract. If a wave can follow several paths
from source to receiver, as a light wave
undergoing two-slit interference, then the
illumination will generally display
interference fringes. Particles obeying a
wave equation will do likewise, as in electron
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diffraction. The analogy seems reasonable
until one inquires about the nature of the
wave. A wave is generally thought of as a
disturbance in a medium. In quantum
mechanics there is no medium, and in a
sense there is no wave, as the wave
function is fundamentally a statement of our
knowledge of a system.

Symmetry and identity

A helium atom consists of a nucleus
surrounded by two electrons. The wave
function of helium describes the position of
each electron. However, there is no way of
distinguishing which electron is which.
Consequently, if the electrons are switched
the system must look the same, which is to
say the probability of finding the electrons in
given positions is unchanged. Because the
probability depends on the square of the
magnitude of the wave function, the wave
function for the system with the
interchanged particles must be related to the
original wave function in one of two ways:
Either it is identical to the original wave
function, or its sign is simply reversed, i.e., it
is multiplied by a factor of -1. Which one is
it?

One of the astonishing discoveries in
guantum mechanics is that for electrons the
wave function always changes sign. The
consequences are dramatic, for if two
electrons are in the same quantum state,
then the wave function has to be its negative
opposite. Consequently, the wave function
must vanish. Thus, the probability of finding
two electrons in the same state is zero. This
is the Pauli exclusion principle. All particles
with half-integer spin, including electrons,
behave this way and are called fermions.
For particles with integer spin, including
photons, the wave function does not change
sign. Such particles are called bosons.
Electrons in an atom arrange themselves in
shells because they are fermions, but light
from a laser emerges in a single
superintense beam --essentially a single
guantum state -- because light is composed
of bosons. Recently, atoms in a gas have
been cooled to the quantum regime where
they form a Bose-Einstein condensate, in
which the system can emit a superintense
matter beam -- forming an atom laser.



These ideas apply only to identical particles,
because if different particles are
interchanged the wave function will certainly
be different. Consequently, particles behave
like fermions or like bosons only if they are
totally identical. The absolute identity of like
particles is among the most mysterious
aspects of quantum mechanics. Among the
achievements of quantum field theory is that
it can explain this mystery.

What does it mean? Questions such as what
a wave function "really is" and what is meant
by "making a measurement" were intensely
debated in the early years. By 1930,
however, a more or Iless standard
interpretation of quantum mechanics had
been developed by Bohr and his colleagues,
the so-called Copenhagen interpretation.
The key elements are the probabilistic
description of matter and events, and
reconciliation of the wavelike and particlelike
natures of things through Bohr’s principle of
complementarity. Einstein never accepted
quantum theory. He and Bohr debated its
principles until Einstein’s death in 1955.

A central issue in the debates on quantum
mechanics was whether the wave function
contains all possible information about a
system or if there might be underlying
factors -- hidden variables -- that determine
the outcome of a particular measurement. In
the mid-1960s John S. Bell showed that if
hidden variables existed, experimentally
observed probabilities would have to fall
below certain limits, dubbed "Bell's
inequalities." Experiments were carried out
by a number of groups, which found that the
inequalities were violated. Their collective
data came down decisively against the
possibility of hidden variables. For most
scientists, this resolved any doubt about the
validity of quantum mechanics.

Nevertheless, the nature of quantum theory
continues to attract attention because of the
fascination with what is sometimes
described as "quantum weirdness." The
weird properties of quantum systems arise
from what is known as entanglement.
Briefly, a quantum system, such as an atom,
can exist in any one of a number of
stationary states but also in a superposition-
-or sum--of such states. If one measures
some property such as the energy of an
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atom in a superposition state, in general the
result is sometimes one value, sometimes
another. So far, nothing is weird. It is also
possible, however, to construct a two-atom
system in an entangled state in which the
properties of both atoms are shared with
each other. If the atoms are separated,
information about one is shared, or
entangled, in the state of the other. The
behavior is unexplainable except in the
language of quantum mechanics. The
effects are so surprising that they are the
focus of study by a small but active
theoretical and experimental community.
The issues are not limited to questions of
principle, as entanglement can be useful.
Entangled states have already been
employed in quantum communication
systems, and entanglement underlies all
proposals for quantum computation.

The Second Revolution

During the frenetic years in the mid-1920s
when quantum mechanics was being
invented, another revolution was under way.
The foundations were being laid for the
second branch of quantum physics--
guantum field theory. Unlike quantum
mechanics, which was created in a short
flurry of activity and emerged essentially
complete, quantum field theory has a
tortuous history that continues today. In
spite of the difficulties, the predictions of
guantum field theory are the most precise in
all of physics, and quantum field theory
constitutes a paradigm for some of the most
crucial areas of theoretical inquiry.

The problem that motivated quantum field
theory was the question of how an atom
radiates light as its electrons "jump" from
excited states to the ground state. Einstein
proposed such a process, called
spontaneous emission, in 1916, but he had
no way to calculate its rate. Solving the
problem required developing a fully
relativistic quantum theory of
electromagnetic fields, a quantum theory of
light. Quantum mechanics is the theory of
matter. Quantum field theory, as its name
suggests, is the theory of fields, not only
electromagnetic fields but other fields that
were subsequently discovered.



In 1925 Born, Heisenberg, and Jordan
published some initial ideas for a theory of
light, but the seminal steps were taken by
Dirac -- young and essentially unknown
physicist working in isolation who
presented his field theory in 1926. The
theory was full of pitfalls: formidable
calculational complexity, predictions of
infinite quantities, and apparent violations of
the correspondence principle.

In the late 1940s a new approach to the
quantum theory of fields, QED (for quantum
electrodynamics), was developed by
Richard Feynman, Julian Schwinger, and
Sin-ltiro Tomonaga. They sidestepped the
infinities by a  procedure, called
renormalization, which essentially subtracts
infinite quantities so as to leave finite results.
Because there is no exact solution to the
complicated equations of the theory, an
approximate answer is presented as a
series of terms that become more and more
difficult to calculate. Although the terms
become successively smaller, at some point
they should start to grow, indicating the
breakdown of the approximation. In spite of
these perils, QED ranks among the most
brilliant successes in the history of physics.
Its prediction of the interaction strength
between an electron and a magnetic field
has been experimentally confirmed to a
precision of two parts in1,000,000,000,000.

Notwithstanding its fantastic successes,
QED harbors enigmas. The view of empty
space--the vacuum--that the theory provides
initially seems preposterous. It turns out that
empty space is not really empty. Rather, it is
filled with small, fluctuating electromagnetic
fields. These vacuum fluctuations are
essential for explaining  spontaneous
emission. Furthermore, they produce small
but measurable shifts in the energies of
atoms and certain properties of particles
such as the electron. Strange as they seem,
these effects have been confirmed by some
of the most precise experiments ever carried
out.

At the low energies of the world around us,
guantum  mechanics is fantastically
accurate. But at high energies where
relativistic effects come into play, a more
general approach is needed. Quantum field
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theory was invented to reconcile quantum
mechanics with special relativity.

The towering role that quantum field theory
plays in physics arises from the answers it
provides to some of the most profound
questions about the nature of matter.
Quantum field theory explains why there are
two fundamental classes of particles--
fermions and bosons--and how their
properties are related to their intrinsic spin. It
describes how particles--not only photons,
but electrons and positrons (antielectrons)--
are created and annihilated. It explains the
mysterious nature of identity in quantum
mechanics--how identical particles are
absolutely identical because they are
created by the same underlying field. QED
describes not only the electron but the class
of particles called leptons that includes the
muon, the tau meson, and their antiparticles.

Because QED is a theory for leptons,
however, it cannot describe more complex
particles called hadrons. These include
protons, neutrons, and a wealth of mesons.
For hadrons, a new theory had to be
invented, a generalization of QED called
guantum hromodynamics, or  QCD.
Analogies abound between QED and QCD.
Electrons are the constituents of atoms;
quarks are the constituents of hadrons. In
QED the force between charged particles is
mediated by the photon; in QCD the force
between quarks is mediated by the gluon. In
spite of the parallels, there is a crucial
difference between QED and QCD. Unlike
leptons and photons, quarks and gluons are
forever confined within the hadron. They
cannot be liberated and studied in isolation.

QED and QCD are the cornerstones for a
grand synthesis known as the Standard
Model. The  Standard Model has
successfully accounted for every particle
experiment carried out to date. However, for
many physicists the Standard Model is
inadequate, because data on the masses,
charges, and other properties of the
fundamental particles need to be found from
experiments. An ideal theory would predict
all of these.

Today, the quest to understand the ultimate
nature of matter is the focus of an intense
scientific study that is reminiscent of the



frenzied and miraculous days in which
quantum mechanics was created, and
whose outcome may be even more far-
reaching. The effort is inextricably bound to
the quest for a quantum description of
gravity. The procedure for quantizing the
electromagnetic field that worked so
brilliantly in QED has failed to work for
gravity, in spite of a half-century of effort.
The problem is critical, for if general relativity
and quantum mechanics are both correct,
then they must ultimately provide a
consistent description for the same events.

There is no contradiction in the normal world
around us, because gravity is so
fantastically weak compared to the electrical
forces in atoms that quantum effects are
negligible and a classical description works
beautifully. But for a system such as a black
hole where gravity is incredibly strong, we
have no reliable way to predict quantum
behavior.

One century ago our understanding of the
physical world was empirical. Quantum
physics gave us a theory of matter and

Further Reading
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fields, and that knowledge transformed our
world. Looking to the next century, quantum
mechanics will continue to provide
fundamental concepts and essential tools for
all of the sciences. We can make such a
prediction confidently because for the world
around us quantum physics provides an
exact and complete theory. However,
physics today has this in common with
physics in 1900: It remains ultimately
empirical--we cannot fully predict the
properties of the elementary constituents of
matter, we must measure them.

Perhaps string theory--a generalization of
quantum field theory that eliminates all
infinities by replacing pointlike objects such
as the electron with extended objects--or
some theory only now being conceived, will
solve the riddle. Whatever the outcome, the
dream of ultimate understanding will
continue to be a driving force for new
knowledge, as it has been since the dawn of
science. One century from now, the
consequences of pursuing that dream will
belie our imagination.
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President Honors Top Junior Faculty |

in Science and Engineering

— L]

President Clinton named 20 National Science Foundation (NSF)-supported
researchers as recipients of the 2000 Presidential Early Career Award for
Scientists and Engineers (PECASE). The awards were presented at the White
House Old Executive Office Building by the president’s science advisor, Neal
Lane.

The PECASE award is the highest honor bestowed by the U.S. government on
outstanding scientists and engineers who are in the early stages of establishing
their independent research careers. This is the fifth year of the awards.

Nine patrticipating federal agencies shared 59 PECASE awards for 2000. The
Clinton Administration established the awards in February 1996 to recognize
some of the nation’s finest junior scientists and engineers and to maintain U.S.
leadership across the frontiers of scientific research.

"These extraordinarily gifted young scientists and engineers represent the best in
our country,” President Clinton said. "Through their talent, ability, and dedication,
they will quicken the pace of discovery and put science and technology to work
advancing the human condition as never before."

"These awards acknowledge much more than past performance,” said NSF
director Rita Colwell, "They represent our expectation that these women and men
will continue to provide leadership in science, engineering and higher education
well into the millennium."

NSF awardees have demonstrated a notable commitment to the integration of
research and education. Since the White House established the award in 1996,
100 NSF-supported faculty members have received this presidential honor in
such diverse fields as biophysics, mathematical modeling, transportation
engineering and microeconomics.

NSF selects its PECASE nominees from among its most meritorious CAREER
(Faculty Early Career Development) awardees. The CAREER award supports
exceptionally promising college and university junior faculty who are committed
to the integration of research and education. CAREER awards range from
$200,000 to $500,000 for a period of four to five years.
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Remarks by Dr. Neal Lane
Assistant to the President for Science and
Technology

Presidential Early Career Award
for
Science and Engineering

October 24, 2000

**As Prepared**

We are here today to honor a remarkable group of individuals — our nation’s most
promising young scientists and engineers. You are receiving the Presidential Early
Career Award for Science and Engineering in recognition of your achievements and,
most importantly, in anticipation of what your extraordinary talents hold in store.

This award is the highest honor bestowed by the United States government on
outstanding scientists and engineers who are beginning their independent research
careers. President Clinton established this award in 1996, and he looks to you, as we all
do, to maintain U.S. leadership in science and technology in the 21* century. On behalf
of President Clinton and the entire country, | congratulate you.

You know, only two weeks ago the Nobel prizes were announced. That may well be the
next step for one or more of you! There was tremendous representation by Americans
this year, including two awards in physics, two in chemistry, two in economics, and two
more in medicine. Most of the work of the American scientists was federally funded, and
we can plainly see that these research investments have proven to be exceptionally wise
ones.

But it is also worth noting that the government-funded work was not done by government
scientists — but by university scientists working under government grants. One of the
characteristic traits of the American science and engineering enterprise is that it is truly a
public-private partnership.

The government-university partnership is the foundation of our science and engineering
enterprise. It pursues two integrated goals: pushing the scientific and engineering
frontier and educating the next generation of researchers.

President Clinton values this partnership so highly that he asked me to lead a review of
ways to strengthen it. | am proud to announce today some of the actions the
Administration is taking in response to the President’s charge.
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Our first step was to establish a clear understanding of the guiding and operating
principles of the partnership. After a vigorous consultation, the Federal government and
the university community have all agreed on the following guiding principles:

+ Research is an investment in the future;

e The integration of research and education is vital,

* Excellence is promoted when the investments are guided by merit review; and
* Research must be conducted with integrity.

Before you conclude that those guiding principles should go without saying, let me
remind you that it never hurts to state the obvious — especially when you have a
partnership with such a diverse array of members.

| would also like to review the operating principles, which touch more on the “mechanics”
of the partnership:

* Agency cost sharing policies and practices must be transparent;

» Partners should respect the merit review process;

« Agencies and universities should manage research in a cost-efficient manner;

« Accountability and accounting are not the same;

« The benefits of simplicity in policies and practices should be weighed against the
costs; and

« Change should be justified by need and the process made transparent.

These probably sound simply like good business practices — and so they should. But |
would like to dwell a bit longer on two, for their importance may surprise you.

In recent years, Congress has directed research-funding agencies to spend an
enormous amount of money on research endeavors that have not undergone merit
review. We all know them as "pork" projects. The statement that "Partners should
respect the merit review process." is a clear message that the Administration believes it
inappropriate for universities to seek, and for Congress to appropriate, research funding
in this manner. We rely on merit review to make our S&T enterprise thrive.

The second operating principle | would like to emphasize today is, "Agencies and
universities should manage research in a cost-efficient manner.” | suspect that each of
you shepherds your research dollars extremely carefully, trying to squeeze the most
research out of each one. About 25% of federal research funds to universities — and a
great deal of the universities' own funds — go, however, for indirect costs. It is vital that
these funds be used just as wisely. As universities and government seek to understand
how economies might be achieved, you may be asked to participate in the process. |
hope you will do so with enthusiasm.

| am also pleased to announce that the Office of Management and Budget will soon
issue an important memo of clarification to portions of a document known as OMB
Circular A-21. Now, let me assure those of you who have missed the opportunity to read
this document that you have not missed one of the great literary classics! It is a
document that only a lawyer or a cost accountant could love. However, you should
know what this document does. It is a legal document that establishes the principles for
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determining costs applicable to grants, contracts, and other agreements between the
government and educational institutions.

The purpose of the OMB memo is to clarify two specific issues. First, that the
relationship between graduate students and the university is not the same as an
“employee-employer” relationship used to establish tax liability. In other words, this
clarifies that graduate student stipends are not the same as a salary and therefore not
subject to income tax because a graduate student is a student and not an employee.
This clearly has an impact on any of the graduate students that you have.

The second subject of clarification is “voluntary uncommitted faculty effort.” This is what
a cost accountant calls the nights and weekends you spend on research when the
results are exciting — or when the work is not going well. In a classic case of “no good
deed goes unpunished,” accountants somehow interpreted the rules in a way that
allowed the government to pay universities less money when you volunteered than when
you clocked out a 5. Clearly, it's not in the government's interest — though I'm sure your
families like it — to give universities incentives to discourage your workaholic tendencies!
We have a major stake in the success of your research. OMB’s clarification memo puts
us back on the right track here.

I would like to take this moment to thank the many folks over at OMB for their leadership
and hard work on this issue. They have a lot of competing interests to juggle, and it is
not an easy task. | think that the results of their labor will have a very positive impact on
the system and the partnership will be better for it.

| hope you agree that we have been working very hard to improve your lives as
researchers. And now | am going to ask you for something in return. | would like for you
to join the ranks of what | call civic scientists.

The power of science and technology has brought scientists and engineers new societal
responsibilities as a community because we can speak most knowledgeably on the
scientific and technical issues. Whether it's a matter of local environmental issues,
national decisions on biomedical ethics, or international treaties on weapons of mass
destruction, society needs scientists and engineers to play an integral role in our policy
debates. We need honest dialogue, where the risks as well as the benefits of new
technologies are on the table, and where differing viewpoints are respected. And, it
must take place within our communities, across our nation, and around the globe. In the
long run, it could represent one of your greatest contributions because it will enable
science and technology to move forward in responsible ways to benefit humankind. As |
come to the end of my government service, | hope to be a good civic scientist myself.

As we recognize your achievements and honor you today with these Early Career
Awards, we are looking forward to your future success in these endeavors. We — your
friends, family, mentors, coworkers, and partners — gather together to say to you that
your talents, abilities and achievements hold great promise for this country.

We come together at a time of clear, national consensus that our continued and future
health, security, economic prosperity and quality of life depend on our excellence and
leadership in science and engineering. This position has been articulated by a diverse
group of public figures: from Alan Greenspan to Harold Varmus to Newt Gingrich.
However, the most effective and vocal proponents of this view have been President
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Clinton and Vice President Gore. U.S. leadership across the frontiers of science is a top
priority for them.

We will do our best to support you and nurture the opportunity before you — but the rest
is up to you. Itis my sincere wish that you will rise to this great challenge and realize the
great potential that we recognize today. So, congratulations and good luck! Thank you.

Recipients of the 2000 Presidential
Early Career Award for Scientists and Engineers

The following are National Science Foundation supported researchers receiving the Presidential
Early Career Award for Scientists and Engineers (PECASE):

Sara C. Billey, Massachusetts Institute of Technology - For outstanding research on the
combinatorial structures of Schubert varieties, and for innovative ideas in exploring the changing
roles of computers in mathematics and education.

Reinhold Blumel, Wesleyan University - For outstanding research in quantum and classical
chaos using charged particle traps, and for innovative teaching and involvement of
undergraduates in research.

Wilfredo Colén, Rensselaer Polytechnic Institute - For experimental and theoretical approaches to
understanding the mechanism by which the amino-acid sequence of a protein determines its
three dimensional structure, and for mentoring undergraduate and high-school students.

John N. DuPont, Lehigh University - For initiating a highly interdisciplinary and collaborative
research and education effort in solid freeform fabrication using Laser Engineered Net Shaping
(LENS) processing.

Carl T. Friedrichs, College of William and Mary - For an exceptional interdisciplinary approach to
understanding sediment dynamics and its impact on marine ecology, and his extensive
experience with mentoring programs for undergraduates and high school students.

Theresa Gaasterland, Rockefeller University - For outstanding research on computer-based
analysis of rapidly accumulating genomic data and for dedicated development of course materials
for graduate students integrating computer science and biology.

Susan C. Hagness, University of Wisconsin-Madison - For outstanding technical expertise in the
area of increasing data transfer rates over optical fiber communications systems and for her
extensive outreach and educational activities.

Youssef Hashash, University of lllinois, Urbana-Champaign - For developing an integrated
research and education project that addresses a novel interactive visualization development and
learning environment for material constitutive relations, referred to as VizCoRe.

Scott M. Husson, Clemson University - For noteworthy contributions that will impact the
development of a range of Molecularly Imprinted Polymer (MIP) surfaces and for developing an
outstanding program for mathematics and science education.

Edwin C. Kan, Cornell University - For design and fabrication of multi-element modules for logic
and memory devices that will have major impact on a variety of fields, and for novel research
trends that will enhance learning efficiency.
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John David Kubiatowicz, University of California, Berkeley - For groundbreaking architectural
research on extremely wide-area data storage and access as the basis required for pervasive
and widely distributed network-based applications, and broad, well integrated educational
contributions.

Alon Y. Levy, University of Washington - For development of theory and tools for flexible and
effective construction, maintenance, and management of Web sites, and for outstanding
dedication to graduate and undergraduate education.

Garrick E. Louis, University of Virginia - For developing a research and educational program in
the area of integrated municipal sanitation systems, which will impact the delivery of basic
municipal services, both domestically and internationally.

Kwan-Liu Ma, University of California-Davis - For significant contributions to the areas of large
data, parallel processing, human-computer interaction and computational science, and his
education plan emphasizing hands-on experience for graduate and undergraduate students.

David L. Patrick, Western Washington University - For creative research on liquid crystal
imprinting with applications in re-writable memory storage devices controlled by optical, magnetic
and electrical fields, and educational commitments.

Georgia Perakis, Massachusetts Institute of Technology - For outstanding research on the
development of a theory for understanding the nature of traffic equilibria, and for her commitment
to undergraduate and graduate education.

Anne S. Robinson, University of Delaware - For advances in human health research by improving
the understanding of protein aggregation at the molecular level, and for education programs to
prepare students for opportunities in biotechnology.

Jenny R. Saffran, University of Wisconsin-Madison - For outstanding contributions to the
understanding of cognitive processes involved in language acquisition, and for creative ideas for
integrating teaching and research in undergraduate education.

Arthur R. Smith, Ohio University - For outstanding research on Gallium Nitrate (GaN) surface
structures, exposing the importance of wurtzite GaN polarity and enabling atomistic
understanding of GaN crystal growth, and educational commitments.

Kimberley A. Venn, Macalester College - For an observational program on the new 8-10 meter
class telescopes to determine the chemical composition of stars in nearby galaxies, and
educational commitments.

“mechanics” extends its best wishes
for continued success
to each of these fine young men and women.
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Director Dr. Rita Colwell on the Award of Nobel Prizes
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ﬁ Reprint of a statement by National Science Foundation ||
m

| congratulate this year's Nobel laureates in science for their achievements and

well-deserved recognition. This is always exciting news for scientists, because
‘ we know what led up to this milestone-the long hours, hard work, and simple love
of
‘ Wi

science. It's especially exciting for the National Science Foundation because |
e so often play a significant role in the Nobelists’ careers. ‘ |
Of the 11 Nobelists announced this week, six were supported by NSF at some
time in their careers. This is consistent with an historical connection; of Nobelists
named since 1960, 109 Nobelists have received NSF funding. This year's NSF-
funded Nobelists -- neuroscientist Paul Greengard, physicist Herbert Kroemer,
chemists Alan Heeger and Alan MacDiarmid, and economists James Heckman
and Daniel McFadden -- also reflect NSF's multi-disciplinary influence. Some
have been funded by NSF for decades, and together they have received dozens
of merit-reviewed NSF grants. Many also support NSF by serving as peer
reviewers or otherwise helping to direct the path of their chosen fields.

post-doctorates and trainees. NSF is a source of human capital for people who
win Nobel prizes--and who become teachers, and CEOs, and politicians, and
lawyers. We foster and encourage creative thinking; we select for excellence;

| ‘ NSF is not only in the research business; we are also in the people business. We ‘
support 200,000 people each year, including researchers, teachers, students,

and we fund the best and the brightest based on merit. We all benefit--and the
American people most of all.

For a list of 2000 Nobel laureates, see:
http://www.nobel.se/announcement/2000/index.html
http://mww.nsf.gov/od/Ipa/news/media/2000/nsfnobels.htm

For more information on this year's NSF-funded Nobelists, contact:

Heckman and McFadden: Charlie Drum, 703-292-8070, cdrum@nsf.gov

Kroemer, Heeger and MacDiarmid: Peter West, 703-292-8070, pwest@nsf.gov

| For historical context on NSF’s connection to the Nobel prizes, see: |
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