


FROM NATURAL TO ARTIFICIAL 
SWARM INTELLIGENCE 
Eric Bonabeau, Guy Theraulaz, and Marco 
Dorigo 
This book provides a rigorous look at the mechanisms 
underlying collective behavior in social insects. It 
includes up-to-date research from biology, neuro
science, artificiahntelligence, robotics, operations 
research, and computer graphics. 
(Santa Fe Institute Studies on the Sciences of 
Complexity) 
March 1999 288 pp.; 60 illus. 
paper $29 .95/ cloth $65 .00 

MODELS FOR DISCRETE DATA 
Daniel Zelterman 
Discrete or count data arise in experiments where the 
outcomes are countable and classified into unique, 
non -overlapping categories. This book describes the 
statistical models for evaluating such data. It provides 
an introduction for graduate students and a concise 
review for practitioners. Topjcs include the negative 
multi normal distribution, the many forms of hyperge
ometric distribution, and coordinate-free models. 
Throughout the text, the author interweaves standard 
statistical software, particularly SAS, with practical 
examples and current theory. 
March 1999 240 pp.; 9 line figs. 
$49.95 

KENDALL'S ADVANCED THEORY OF 
STATISTICS 
Volume 2A: Classical Inference and the 
Linear Model 
Sixth Edition 
J. Keith Ord and Steven Arnold 
On the previous edition: "The general authority of 
the work, together with its lasting value as a reference 
source, make it the Bible which no statistician should 
be without:' -The Statistician. This new edition of 
Classical Inference and Relationship completes the cur
rent three-volume set of Kendall's Advanced Theory 
of Statistics. The book has been fully revised and 
expanded to over 800 pages, representing the state of 
the art in classical statistical inference. 
(An Arnold Publication) 
March 1999 800 pp.; illus. 
$145.00 

THEORY OF PROBABILITY 
Third Edition 
the late Harold Jeffreys 
First published in 1939 and well ahead of its time, this 
seminal book was the first attempt to develop a fun
damental theory of scientific inference based on 
Bayesian statistics. It remains the starting point for 
this rapidly growing field . 
(Oxford Classic Texts in the Physical Sciences) 
1998 470 pp.; 2 figures 
paper $29 .95 

GRAPH THEORY AS I HAVE KNOWN IT 
W. T. Tutte 
Here one of the founders of modern graph theory 
provides a personal introduction to the field, mixing 
fascinating historical and biographical information 
with engaging descriptions of important results. 
(Oxford Lecture Series in Mathematics and Its 
Applications 11 ) 
1998 168 pp.; 66 linecuts 
cloth $55.00 

New Textbooks 

New in paperback! 
VISUAL COMPLEX ANALYSIS 
Tristan Needham 
''Tristan Needham's Visual Complex Analysis will 
show you the field of complex analysis in a way you 
almost certainly have not seen before. Drawing on 
historical sources and adding his own insights, 
Needham develops the subject from the ground up, 
drawing us attractive pictures at every step of the way. 
If you have time for a year course, full of fascinating 
detours, this is the perfect text; by picking and choos
ing, you could use it for a variety of shorter courses. 
I am tempted to hide the book from my own stu
dents, in order to appear more clever for popping up 
with crisp historical anecdotes, great exercises, and 
pictures that explain things like that mysterious 2Jti 
that crops up in integrals. Whether you use Visual 
Complex Analysis as a text, a resource, or entertaining 
summer reading, I highly recommend it for your 
bookshelf."-American Mathematical Monthly. 
1997 ]paper 1999) 616 pp.; 501 illus. 
paper $45 .00/ cloth $55.00 

TEX UNBOUND 
LaTeX and TeX Strategies for Fonts, 
Graphics, and More 
Alan Hoenig 
Clear, concise and practical advice for both new and 
experienced users. 
1998 608 pp.; 135 linecuts 
paper $35.00/ cloth $60.00 

AN INTRODUCTION TO SEMILINEAR 
EVOLUTION EQUATIONS 
Revised Edition 
Thierry Cazenave and Alain Haraux 
Translated by Yvan Martel 
This book presents in a self-contained form the typi
cal basic properties of solutions to semilinear evolu
tionary partial differential equations, with special 
emphasis on global properties. 
(Oxford Lecture Series in Mathematics and Its 
Applications 13) 
1999 200 pp. 
$75.00 

To order, or for more i11formatio11, please write to: 

AN INTRODUCTORY COURSE IN 
COMMUTATIVE ALGEBRA 
A. W. Chatters and C. R. Hajarnavis 
A concise introduction to topics in commutative alge
bra, with an emphasis on worked examples and appli
cations. 
1998 160 pp.; 8 linecuts 
paper $35.00/ cloth $75 .00 

NONLINEAR ORDINARY 
DIFFERENTIAL EQUATIONS 
An Introduction to Dynamical Systems 
Third Edition 
Dominic Jordan and Peter Smith 
On the second edition: "The subject has wide applica
tions in physical, biological, and social sciences which 
continuously supply new problems of practical and 
theoretical importance. The book does a good job in 
motivating the reader in such pursuits, and presents 
the subject in a simple but elegant style." -P. K. 
Kythe in Applied Mechanics Reviews. A standard text
book in the field, this volume takes a qualitative 
approach and includes numerous examples and prob
lems. The new edition features expanded material on 
bifurcations and chaos. 
September 1999 416 pp.; 230 line illus 
paper $40.00/ cloth $90.00 

ALGEBRAIC PROJECTIVE GEOMETRY 
the late J. G. Semple and G. T. Kneebone 
"[Topics are] presented with a simplicity and clarity 
of treatment... This interesting book may be warmly 
recommended." -Mathematical Gazette. 
(Oxfo rd Classic Texts in the Physical Sciences) 
1998 414 pp.; 72 illus. 
paper $29 .95 

THE GEOMETRIC UNIVERSE 
Science, Geometry, and the Work of 
Roger Penrose 
Edited by S. A. Huggett, L. J. Mason, K. P. 
Tod, S. T. Tsou, and N. M. J. Woodhouse 
An overview of current work on the interaction 
between geometry and physics, including topics in dif
ferential geometry, knot invariants, gauge theory, gen
eral relativity, and quantum gravity. 
1998 456 pp. ; 36 linecuts 
$45 .00 

JAMES JOSEPH SYLVESTER 
Life and Work in Letters 
Karen Hunger Parshall 
This book brings together for the first time 140 letters 
from one of the great characters of British and 
American science of the last century. It separates the 
facts from the many myths surrounding his life and 
work. 
1998 344 pp.; 2 halhones 
$98 .00 
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AMERICAN MATHEMATICAL SOCIETY 

New Titles frotn the AMS 
Supplementary Reading 

Nonlinear Functional Analysis 
Rajendra Akerkar, Chh. Shahu Centra/Institute of 
Business Education and Research, Kolhapur, India 
A publication of Narosa Publishing House. 
This book presents background for the solution of nonlinear equa
tions in Banach spaces. It contains basic techniques in nonlinear 
analysis and also touches upon Ieday's research. The book deals 
with recent topics, such as measures on non-compactness, topo
logical degree, and bifurcation theory. It can be used as a text and 
as a reference source for students and researchers. 
Distributed by the AMS exclusively in North America and Europe and non
exclusively elsewhere. 
Narosa Publishing House; 1999; 157 pages; Softcover; ISBN 81-7319-
230-8; List $27; All AMS members $22; Order code NAR/4NT95 

Supplementary Reading 

Symplectic Geometry and 
Topology 
Yakov Eliashberg, Stanford University, CA, and 
Lisa Traynor, Bryn Mawr University, PA, Editors 

Symplectic geometry has its origins as a geometric language 
for classical mechanics. But it has recently exploded into an inde
pendent field interconnected with many other areas of mathematics 
and physics. The goal of the lAS/Park City Mathematics Institute 
Graduate Summer School on Symplectic Geometry and Topology 
was to give an intensive introduction to these exciting areas of 
current research. Included in this proceedings are lecture notes 
from the following courses: Introduction to Symplectic Topology by 
D. McDuff; Holomorphic Curves and Dynamics in Dimension Three 
by H. Hofer; An Introduction to the Seiberg-Witten Equations on 
Symplectic Manifolds by C. Taubes; Lectures on Floer Homology by 
D. Salamon; A Tutorial on Quantum Cohomology by A. Givental; 
Euler Characteristics and Lagrangian Intersections by R. 
MacPherson; Hamiltonian Group Actions and Symplectic Reduction 
by L. Jeffrey; and Mechanics: Symmetry and Dynamics by J. 
Marsden. 
Members of the Mathematical Association of America (MAA) and the 
National Council of Teachers of Mathematics (NCTM) receive a 20% 
discount from list price. 
lAS/Park City Mathematics Series, Volume 7; 1999; 431 pages; Hardcover; 
ISBN 0-8218-0838-9; List $69; All AMS members $55; Order code 
PCMS/7NT95 

Algebra and Geometry 
Ming-chang Kang, National Taiwan University, Taipei, 
Taiwan, Editor 
A publication of International Press. 
This volume presents the proceedings from a conference held at 
the National Taiwan University. The conference brought together 
specialists in mathematical physics, algebraic geometry, differential 
geometry, algebra and number theory from five Pacific Rim coun
tries. Included are articles by S.-T. Yau, V. Kac, M.P. Murthy, 
Shing-Tung Yau, and other leading specialists. 
Distributed worldwide, except in Japan, by the American Mathematical 
Society. 
International Press; 1998; 227 pages; Hardcover; ISBN 1-57146-058-6; 
List $42; All AMS members $34; Order code INPR/32NT95 

Understanding the Genome: 
Technological and Mathematical 
Challenges, May 21-23, 1998 
Hugo Rossi and David Hoffman, Mathematical Sciences Research 
Institute, Berkeley, CA 
A publication of MSRI. 
This CD-ROM presents video selections from the workshop held at MSRI 
(Berkeley, CA) for mathematical scientists and scientists in the biotech/phar
maceutical industry. 

Featured speakers include D. Botstein, E. Branscomb, G. Churchill , P. Green, 
D. Haussler, L. Hood, R. Lipshutz, P. Pevzner, D. Siegmund, D. Slonim, G. Stormo, 
and E. Wijsman. 

The purpose of the workshop was to acquaint the audience with the contribu
tions made by mathematics, statistics, and computation to the acquisition and 
interpretation of genomic data and related areas of functional genomics. 
Invited speakers gave surveys of the challenges ahead, descriptions of key 
new technological developments, applications of mathematics and computa
tion to specific related problems in genomics, and analysis of biological 
systems at the cellular level. 

The CD requires Reai ®Video Player, which can be downloaded for free from 
the ReaiNetworks Internet home page. ReaiVideo Player is available for 
Windows95/Windows NT, Windows 3.1, MacOS, IRIX 6.2/6.3, Solaris 2.5 and 
Linux 2.0. 
Distributed worldwide by the American Mathematical Society. 
., ReaiVideo is a registered trademark and Real Networks is a trademark of 
ReaiNetworks, Inc. 
Selections From MSRI's Video Archive; 1998; CD-ROM; List $15; Order code 
MSRICD/3RT95 

Surgery on Compact Manifolds 
Second Edition 

C. T. C. Wall, University of Liverpool, England, and 

e••EfiiiM 

A. A. Ranicki (Editor), University of Edinburgh, Scotland 

The publication of this book in 1970 marked the culmination of a particularly 
exciting period in the history of the topology of manifolds. The world of high
dimensional manifolds had been opened up to the classification methods of 
algebraic topology by Thorn's work in 1952 on transversality and cobordism, 
the signature theorem of Hirzebruch in 1954, and by the discovery of exotic 
spheres by Milnor in 1 956. 

In the 1960s, there had been an explosive growth of interest in the surgery 
method of understanding the homotopy types of manifolds (initially in the 
differentiable category), including results such as the h-cobordism theory of 
Smale (1960), the classification of exotic spheres by Kervaire and Milnor 
(1962), Browder's converse to the Hirzebruch signature theorem for the exis
tence of a manifold in a simply connected homotopy type (1 962), the 
s-cobordism theorem of Barden, Mazur, and Stallings (1964), Novikov's proof 
of the topological invariance of the rational Pontrjagin classes of differentiable 
manifolds (1965), the fibering theorems of Browder and Levine (1966) and 
Farrell (1967), Sullivan's exact sequence for the set of manifold structures 
within a simply connected homotopy type (1966), Casson and Sullivan's 
disproof of the Hauptvermutung for piecewise linear manifolds (1967), Wall's 
classification of homotopy tori (1969), and Kirby and Siebenmann's classifica
tion theory of topological manifolds (1970). 

This new edition of this classic book is supplemented by notes on subsequent 
developments. References have been updated and numerous commentaries 
have been added. The volume remains the single most important book on 
surgery theory. 
Mathematical Surveys and Monographs, Volume 69; 1999; 302 pages; Hardcover; 
ISBN 0-8218-0942-3; List $59; All AMS members $47; Order code SURV/69NT95 

All prices subject to change. Charges for delivery are $3.00 per order. For optional air delivery outside of the continental U. S. , please 
include $6.50 per item. Prepayment required. Order from: American Mathematical Society, P. 0. Box 5904, Boston, MA 02206-5904, 
USA. For credit card orders, fax 1-401-455-4046 or call toll free 1-800-321-4AMS (4267) in the U.S. and Canada, 1-401-455-4000 
worldwide. Or place your order through the AMS bookstore at www.ams.org/bookstore/. Residents of Canada, please include 7% GST. 



fl 
New and Classic Textbooks 

TN""'""'-Geometry of Curves 
and Surfaces 
with Maple 

V.Y. Rovenskii, Pedagogical 
Institute, Krasnoyarsk, Russia 

This concise text presents some elementary methods 
for analytical modeling and visualization of curves and 
surfaces. It systematically examines 2-D and 3-D ani
mation of geometrical images, transformations, shad
ows and colors, and then further studies more com
plex problems in differential geometry. Focusing on 
three main areas-curves, polyhedrons, and surfaces
the b~ok presents more than 400 figures, over I 00 
exercises, problems and solutions. Also included are a 
large number of Maple programs, some of which are 
analogous to C++ programs, and which will be made 
available on the Birkhauser website. 

Integrating traditional differentiation and non-Euclidean 
geom~tries wit~ more current computer algebra sys
tems m a practical and user-friendly format this 
text will be an excellent classroom resourc~ and self 
study reference for students, instructors scientists 
and engineers. ' 
Aug. 1999 Approx. 250 pp., 400 illus. 
Hardcover ISBN 0-B 17 6-407 4-6 
$42.50 (tent.) 

A Crash Course in Mathemafica 
S. Kaufmann, ETH ZUrich, Switzerland 
This compact introduction to Mathematica accessi
ble to beginners of all levels and particularly suited 
for classroom use, introduces the basic elements of 
version 3 (front end, kernel, standard packages). lt 
uses examples and exercises which are not specific to 
any scientific area, and teaches the reader how to 
independently solve problems in their own specific 
field. The accompanying CD-ROM contains the entire 
book in the ~orm of M~thematica notebooks including 
color graphics, ammations, and hyperlinks. The CD
ROM runs on Windows 95/98/NT, Macintosh and UNIX 
computers, and also contains MathReader which 
allows users to view the notebooks even without a 
complete installation of Mathematica. 
1999 Approx. 220 pp., CD-ROM Soltcover ISBN 3-7643-6127-1 
$34.50 (tent.) 

Textbook Adoption Policy 
To request an examination copy, please send your request on 
departmental letterhead and include the name of your course 

and current text, estimated class size, and the adoption 
decision date. Examination copies are shipped with an invoice 
payable in 60 days. Adopters may keep the copy free for desk 
use by returning the invoice with the bookstore and order 

size indicated. Others are required to remit payment or return 
the book. Contact: Birkhiiuser Textbooks, Fax (201) 348-4505, 

E-mail: textbook@springer-ny.com. 

An Introduction to the 
Mathematics of Biology 
With Computer Algebra Models 
E.K. Yeargers, R.W. Shonkwiler & J.V. Herod all 
Georgia Institute of Technology, Atlanta ' ' 

This comprehensive introduction is 
designed for both students of biol
ogy and students of mathematics 
and related physical sciences. The 
mathematics in this book proceeds 
from simple to more complex con
cepts, and the biology proceeds 

. from the population level down to 
· the molecular level. Furthermore 
the use of Maple provides a rich source of in forma- ' 
tion through the use of 'what -if' scenarios, while each 
top1c 1s complete without the use of either numerical 
o_r sy~bolic equations. The book contains graphic 
v1suahzatwns for all the mathematical results and 
includes extensive exercises, problems and e~amples. 
"The material is accessible {and/ the more advanced tools 
from mathematics are explained fully ... This excellent text 
can be recommended to students and instructors . .. {and/ 
will be useful also for self study. " - Acta Sci. Math 
1996 418 pp., SO illus. Hardcover ISBN 0-8176-3809-1 

$64.50 

Numerical Analysis 
An Introduction 

W. Gautschi, Purdue University 

TO ORDER: 

'fin excellent text for a first graduate 
course in numerical analysis ... A well
written, well-produced, rigorous treat
ment of approximation, nonlinear 
equations, numerical differentiation 
and integration, and ordinary differen
tial equations. " 

- Computing Reviews 
1997 506 pp. 
Hardcover ISBN 0-8176-3B9S-4 
$64.50 

CALL: 
FAX: 

1·800· 777 ·4643 
(20 I) 348·4505 

E·MAIL: orders@birkhauser.com 
Please mention reference #Y517 when ordering. 
P~ices are ~alid in North America only and are subject to change 
witho_ut notice. For pnce and ordering information outside North 
Amenca, please contact BirkhiiuserVerlag AG, P.O. Box 133, CH-4010 
Basel, SWitzerland. Phone +41-61-205 0707; Fax +41-61-205 0792 or 
E-mail: orders@birkhauser.ch 

5/9Q Promotion #V!i17 

A First Course in Geometric 
Topology and Differential 
Geometry 
E.D. Bloch, Bard College, Annandale, NY 
"It is the great clarity of thought in this book, the simplicity 
and concreteness of the representation with respect to the 
capacity for teaching of students, and some other aspects 
that make this work stand out from comparable efforts. " 

-ZAA 
1996 420 pp., 175 illus. Hardcover ISBN 0-8176-3840-7 
$59.50 

A General Topology Workbook 
I. Adamson, The University of Dundee, Scotland 
"This well-printed, attractive little volume offers a first intro
duction to general topology, cast into the form of a problem 
collection. " - Publ. Math. Debrecen 
1995 160 pp. Soltcover ISBN 0-8176-3844-X 
$32.50 

A Topological Introduction to 
Nonlinear Analysis 
R.F. Brown, University of California, Los Angeles 
"The book is highly recommended as a text for an introduc
tory course in nonlinear analysis and bifurcation 
theory .. .{the} reading is fluid and very pleasant ... [thej 
style is informal but far from being imprecise." 

- Mathematical Reviews 
1993, 2nd printing 1996 I 56 pp. Soltcover ISBN 0-8176-3706-0 
$29.50 

Partial Differential Equations 
E. DiBenedetto, Northwestern University 
"The book will undoubtedly serve as a valuable role model as 
an intermediate text aimed at graduate students wishing to 
extend their theoretical knowledge of partial differential 
equations and as such I recommend it. " 

- Proceedings of the Edinburgh 
Mathematical Society 

1994 428 pp. Hardcover ISBN 0-8176-3708-7 
$54.00 

Riemannian Geometry 
M.P. Do Carmo, IMPA, Rio de Janeiro, Brazil 
"This is one of the best (if even not just the best) book for 
those who want to get a good, smooth and quick, but yet 
thorough introduction to modern Riemannian geometry." 

- Pub. Math. Debrecen 
1991, 3rd printing 1994 320 pp. Hardcover ISBN 0-8176-3490-8 
$44.50 

Illustration from Maple V: Learning Guide, Springer-Verlag I996 

For more information and complete 
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Editorial 

The AMS in Retrospect 
At this time toward the end of the century, some publications are reviewing the past hun
dred years to see what can be learned, while others are predicting the future, always a 
hazardous thing to do. The Notices has already published some predictions about math
ematics in the coming century, and now it undertakes a small project of review, high
lighting some of the giant figures and activities of the AMS during the past one hundred 
years. This column and some future ones between now and the end of 2000 quote from 
two history books: A Semicentennial History of the American Mathematical Society 
1888-1938 by Raymond Clare Archibald and A History of the Second Fifty Years, Ameri
can Mathematical Society 1939-1988 by Everett Pitcher, both published by the AMS. 

-Anthony W Knapp 

AMS in the Twentieth Century 

Maxime Bacher 
We begin our series about the important figures and activities of the AMS during the past 
century with Maxime Bacher (1867-1918), in whose memory the Society created the 
Bacher Prize. This prize, given every five years, was recently awarded to Demetrios 
Christodoulou, Sergiu Klainerman, and Thomas Wolff (Notices, April1999). 

Maxime Bacher was the tenth president of the Society, 1909-1910, and an important 
mathematician, but we describe only his role in connection with the Transactions of the 
AMS. We quote from the Semicentennial History about his work as editor, a post he held 
during 1908-1909 and 1911-1913: 

"He was a fine critic, ever free with constructive suggestions. For many years he 
served as an assoc. ed. of [the Annals of Mathematics]. He was never very strong, and long 
he had to combat ill health .... " 

The founding of the Transactions is described elsewhere in the Semicentennial History: 
"Prof. W. F. Osgood's [editor of the Transactions, 1910, and eighth president of the 

AMS, 1905-1906] vivid reminiscences of events ... may be inserted here. 
"Toward the end of the nineties the need of a journal for the publication of 
mathematical material became more and more pressing. The American jour
nal of Mathematics [published by Johns Hopkins University] inclined natu
rally enough to the European groups from which its contributions had come 
in the past, and although in financial straits, failed to discern new strength 
in young mathematicians of this country .. .. 

"Finally a meeting was called in New York by Fiske [founder and seventh pres
ident of the AMS, 1903-1904] to consider the project_ .. with Fiske in the chair, 
Dr. McClintock [second president of the AMS, 1891-1994] on his right and 
Bacher on his left .. .. 

"Bacher was a man with a passion for fair dealing and with extraordinary insight 
and judgment. ... [H]e turned to McClintock and said: 'Will Doctor McClintock 
be so good as to state his views for us?' In substance Dr. McClintock said that 
he should consider the founding of a journal which would be a rival or competitor 
of the American journal unfortunate, and that such a step would be of the na
ture of an unfriendly act toward The Johns Hopkins. Here was opposition with 
a vengeance, for Dr. McClintock was one of the strongest mathematicians among 
the older men, and he had been President of the American Mathematical Soci
ety. It was a most unpleasant difficulty that now suddenly confronted us. And 
then, with something akin to genius, Bacher's great powers of diplomacy came 
to the rescue. With all the grace and dignity and charm which were a part of his 
simple and direct nature he said: 'Would Doctor McClintock feel it improper for 
the Society to publish its Transactions?' 

"No, certainly not. Any society may publish its Transactions. With that for
mula, the one word 'Transactions' replacing an opprobrious word like 'Jour
nal' or 'Annals' or 'Acta', the whole opposition collapsed and good relations 
were established. The power of a word! 

" ... [In April1899] the committee reported to the Council that towards the support of 
the publication of the Transactions, the subscriptions of one hundred dollars a year for five 
years had been practically guaranteed by representatives of each of nine institutions; a tenth 
was added to this list before the first number (96 p.) was published in January 1900." 

-A. WK. 
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Commentary 
Another Opinion 

A Review of 
"Featured Reviews" 
In 1995 the Mathematical Reviews (MR) introduced "Fea
tured Reviews". Each month a small number of papers 
(about ten) are selected for this honor; reviews of these pa
pers are highlighted in MR and available on the AMS Web 
site free of charge to all users (even those who do not sub
scribe to MathSciNet). 

As chair of an unrelated committee, I happened to be 
present when the proposal for this new class of distin
guished reviews was presented to the AMS Council in 1994. 
Advocates recalled how, in the early days of MR, it was pos
sible to browse through the entire MR issue each month 
and identify the significant new papers in many different 
branches of mathematics. After lamenting the difficulty of 
doing something comparable today with issues containing 
over 4,000 reviews, the editors introduced the idea of "Fea
tured Reviews" as a remedy. It was difficult to argue against 
such a well-intended proposal, and the Council readily ap
proved it with little discussion. 

Despite their accessibility, I did not take a close look at 
any "Featured Reviews" until, about a year ago, I found my
self reading the "Results from Prior Support" section of a 
National Science Foundation proposal in which the prin
cipal investigators crowed that one of their papers had been 
selected for a featured review in MR. Although both the pro
posal and the paper were meritorious, my curiosity was 
piqued. I examined the 1995-96 "Featured Reviews", which 
were by then assembled in a book by the AMS. 

Not surprisingly, many good and important papers were 
absent. Indeed, the editors had admitted from the start that 
this was inevitable. However, the quality and selection 
were far more uneven than I had expected. What are the 
implications of this? Being selected (or not) for a featured 
review seems likely to impact promotion and tenure even 
more than it does grant funding. Hence the responsibility 
of the Society in this endeavor is quite serious. 

The AMS Web site asserts that the papers selected for 
"Featured Reviews" are "considered particularly important 
in the areas that they cover." The announcement for the 
collection of about two hundred reviews that appeared in 
1995-96 asserts that it 

.. .identifies some of the "best" new publica
tions, papers, and books that are expected to 
have a significant impact on ... mathematics .. .. All 
of the papers reviewed here contain interesting 
new ideas or applications, a deep synthesis of 
existing ideas, or any combination of these. 

Yet I could easily compile a modest list of papers not se
lected which many regard as more significant than those 
reviewed. In most of these cases the authors are senior and 
their work has been recognized in other ways. However, 
it may well happen that only one of two candidates being 
considered for tenure has had a paper selected for review. 
In that case, overlooking a paper could have a serious im
pact on a career. 

One might argue that the solution is to improve the se
lection process at MR or point out that the selection 
processes for many other honors, such as postdoctoral fel
lowships and invited speakers at meetings, are also im
perfect. However, most such honors have other purposes, 
e.g., providing research support or communicating recent 
mathematical results to a target audience. Do "Featured 
Reviews" serve a comparable useful purpose, or do they 
simply establish yet another flag for selected mathemati
cians to wave in front of deans and department chairs? 

Certainly, communicating noteworthy mathematics to 
a broad audience is a laudable goal. However, the way that 
information is processed and distributed in 1999 is very 
different from that in 1941. Not only is the number of highly 
specialized papers orders of magnitude greater, but there 
are also new sources of exposition for nonspecialists. The 
AMS alone provides expository mathematics in the Notices 
as well as in the Bulletin, and many mathematicians find 
it desirable to read expository articles in other journals in 
related areas of science and engineering. 

Do "Featured Reviews" fill an important additional need 
in the mathematics community? Is a database, which is an 
essential research tool, the right place for additional ex
pository writing? I recognize that different expository 
venues do serve different needs. But I worry that "Featured 
Reviews" will be used primarily for a completely different 
purpose. 

Those who are unfamiliar with "Featured Reviews" can 
find additional information on the Web at http: I jwww. 
ams. org/featu red - reviews/. Ultimately, the AMS is re
sponsible to its membership. However, the Society can 
best serve its members when they let the leadership know 
how well its services, whether MathSciNet, "Featured Re
views", the Notices, or the Bulletin, meet their needs. I en
courage readers who are concerned about these issues to 
make their views known. 

-Mary Beth Ruskai 
Associate Editor 
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Letters to the Editor 

Letters to the Editor 

AMS and MAA Should Merge 
The best suggestion I have heard in 
many years is to combine the AMS and 
the MAA. I support this merger 100% 
for the following reasons. 

The AMS can legalize all of its union 
activities through the MAA. It can have 
its own union dues, union rag, and 
shop stewards. It can worry about un
employment, underemployment, non
national Ph.D.'s, minority counts, etc. 
And like all good unions, its members 
will all be entitled to a tenured job be
cause they are union members, 
whether they want one or not. 

It will place the K-12 union teach
ers in the same pot as their college 
counterparts who are complaining 
about the poor quality of teaching in 
the K-12 grades. It will give the K-12 
teachers a chance to voice their com
plaints about the poor quality of in
struction and examples they received 
in college. And this can all occur 
a1nong their fellow union members. 

The AMS would go back to the busi
ness of mathematics and delouse its 
publications of union flap. Even if the 
AMS's dues do not go down, at least 
the money would be in support of 
mathematics and not union issues. 

-Dennis E. Harrison 
Seattle, WA 

(Received January 7, 1999) 

Handle Human Rights Abuses 
Even-Handedly 
Though generally a fan of Allyn Jack
son's writing in the Notices, I feel the 
need to criticize the selective political 
correctness in her report on the Berlin 
ICM (Notices 46 (1), pp. 39-42). While 
Hirzebruch had every right to address 
Germany's history in his Presidential 
Address, duly reported in the Jackson 
article, I have serious doubts about 
the closing paragraph of the article 
(which mentions China's human rights 
abuses in connection with the next 
ICM to be held in Beijing, as well as 
with abuses in Germany's past). I have 
yet to see a reference to American war 
crimes in Vietnam (or, for that matter, 
to the student killings at Kent, or to the 
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widely criticized use of the death 
penalty, etc.) in either an announce
ment or a review of a mathematics 
conference held in the U.S. A similar 
point applies to all other former, pre
sent, or aspiring superpowers. The 
Notices should either systematically 
report on past or present human 
rights abuses in countries where math
ematics conferences are held, or else 
it should refrain from doing so. 

-N. P. Landsman 
University of Amsterdam 

(Received January 11, 1999) 

Textbooks Could Be Free 
There has been considerable discus
sion in the Notices recently of journal 
prices and the related issue of text
book prices. Personally, I believe the 
issue of journal prices will ultimately 
be solved by the mathematical com
munity's using the tools computers 
provide us to recapture the knowl
edge we produce and to make it as 
freely available as possible. That 
process has started, and while there 
are some problems, there is no way to 
stop it. There will be plausible argu
ments made along the way for the cur
rent system that is bankrupting our li
braries, but in the end the obvious 
logic of "free theorems" will prevail. 
In the area of computer operating sys
tems, the recent growth of Linux and 
other open source software has shown 
us the way. 

As Richard Stallman has been 
telling us for years, there should be no 
property rights in knowledge. The 
same logic applies to textbooks. Dur
ing my years of teaching I have writ
ten at least three complete texts which 
could be made available in electronic 
form for use by others. I am sure that 
I am far from unique and there are 
many such texts on disks. The T_EX 
source for such texts should be made 
freely available, with the proviso that 
it not be diverted to commercial use. 
Students can either download such 
texts themselves, or they can be sold 
by the local copy shops, which provide 
course supplements at a fraction of 
the cost of a typical textbook. 

Needless to say, there are excellent 
textbooks into which the authors have 
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put considerable effort, so one may 
ask whether free textbooks will in
duce authors to perfect their texts in 
the same way. In fact, I think freely 
available texts will in the end evolve 
into much better texts. First, they can 
be freely revised by anyone, and the 
best current version need not have 
been created wholly by one person or 
a small group. Second, errors can be 
easily corrected as they are discov
ered. (One of my texts has probably 
been through at least ten revisions in 
fewer than ten years.) Third, no ex
cellent text of limited marketability 
as determined by a publisher need 
ever "go out of print". I could go on, 
but I leave the other arguments to the 
reader. 

-Leonard Evens 
Northwestern University 

(Received January 16, 1999) 

More about the March Cover 
I enjoyed seeing Paolo Dominici's 
rendition of Barth's sixty-five node 
sextic surface, which appeared on the 
cover of the March Notices. This 
surface was first rendered by Stephan 
Endrcill, who published a picture of it 
in the German counterpart of the AMS 
Notices, the Mitteilungen der Deutsche 
Mathematiker-Vereinigung, in Octo
ber 1995. Those interested may find 
much more, including a rotating ver
sion of the same surface (as a movie) 
on the Endrag Web page, http: I I 
www.Mathematik.Uni-Mainz. 
DEI-endrassl, by clicking on "Sur
faces with many nodes". 

-David Jaffe 
University of Nebraska-Lincoln 

(Received February 18, 1999) 

Editor's Note: In addition, one may 
find an animation by Dominici, rep
resenting a flight through the sextic 
surface and going close to its double 
points, on the Barth Web page 
http:llwww.mi .uni-erlangen. 
del-barth, by clicking on "Flight 
through the sextic". 
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AMERICAN MATHEMATICAL SOCIETY 

Notices of the American Mathematical Society 

Applications and nominations are invited for the position of Editor of the 

Notices of the American Mathematical Society, to commence with the January 

2001 issue. The Society seeks an individual with strong mathematical 

research experience, broad mathematical interests, and a commitment to 

communicating mathematics in a wide range of levels to a diverse audience. 

The applicant must demonstrate excellent written communication skills. 

The Editor has editorial responsibility for a m ajor portion of the Notices within 

broad guidelines. The goal of the Notices is to serve all mathematicians by 

providing a lively and informative magazine containing exposition about 

mathematics and its history, n ews about contemporary mathematics and 

mathematicians, and information about the profession and the Society. 

The Editor is assisted by a board of Associate Editors, nominated by the 

Editor, who help to fashion the contents of the Notices and solicit material for 

publication. AMS staff in Providence carry out production support, as well as 

some staff writing. The Editor will operate from his or h er home institution 

with part-time secretarial support. In order to begin working on the January 

2001 issue, some editorial work would begin early in 2000. 

Nominations and applications (including curriculum vitae; bibliography; and 

name, address, and phone number of at least two references) should be sent 

by August 15, 1999, to: 

Dr. John Ewing 

American Mathematical Society 

P.O. Box 6248 

Providence, RI 02940 



Topology, Algebra, 
Analysis Relations 
and Missing Links 
Be no Eckmann 
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T his is largely, but not entirely, a histor
ical survey. It puts various matters to
gether that are usually considered in 
separate contexts. Moreover, it leads to 
open, probably quite difficult problems 

and has analogues in contemporary mathematics. 
There are three parts. 

The first part is about a certain range of clas
sical results in algebraic topology concerning con
tinuous real functions and maps, vector fields, 
etc., that can be stated in a very simple way: just 
replace "continuous" by "linear". They thus seem 
to be reduced to problems of algebra, essentially 
linear algebra, where the solution is relatively easy. 
The proofs of all these statements, however, do not 
use such a reduction principle. They are beautiful 
and in general quite difficult, using elaborate ideas 
and techniques of topology such as cohomology 
operations, spectral sequences, K-theory, and so 
on. 

In these cases the absence of a reduction prin
ciple from continuity to linearity is thus a missing 
link between two areas. Of course, such a link is 
not necessary since the results are proved. Still, it 
might be interesting to have, at least in special 
cases, a direct reduction to linearity which could 
throw new light onto old and new mathematics. 

We begin, in that first part, with a very ele
mentary example. It contains in a nutshell the 
problem to be discussed later for analogous but 
more complex phenomena. 

Beno Eckmann is professor emeritus of mathematics and 
retired founding director of the Institute for Mathemati
cal Research at Eidgenossische Technische Hochschule 
(ETHJ in Zurich. 
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The second part is about the homotopy of the 
unitary groups. It leads to a different linearization 
phenomenon stating that maps of a sphere into a 
unitary group are homotopic in the infinite unitary 
group to a linear map (in the situation of the first 
part it is, in general, not true that any continuous 
solution is homotopic to a linear one). Again, nodi
rect proof is known-by differential geometry, by 
approximation, or by optimization. This lin
earization result is due to the close relation be
tween the classical Hurwitz-Radon matrices and 
Bott periodicity. Since the latter is the source of 
topological K-theory and general homology theo
ries, a direct approach would establish a link be
tween an important old matrix problem and refined 
methods of algebraic topology. 

The third part is a short outlook concerning top
ics of contemporary interest. It is about recent 
trends in homology theories for spaces with infi
nite fundamental group G using Hilbert space 
methods (Hilbert-G-modules, -t'z-homology, and 
-t'2-Betti numbers). The presentation, necessarily a 
little technical, turns around the von Neumann al
gebra of G considered just as an algebra, forget
ting the analysis behind it. We first recall the (weak) 
Bass conjecture (1976), which has become a theo
rem for several classes of groups but is still open 
in general, and give it a simple von Neumann al
gebra formulation. Application to algebraic topol
ogy and group homology again lead, in a very spe
cial example, to linearity. 

We probably all agree that eventually reducing 
a difficult problem to a "nice" situation is at the 
heart of mathematics. What I present here is a 
modest attempt to list topics where a direct link 
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to linearity or to easy algebra probably exists but 
is not known. If found, it might, even in different 
contexts, have some general significance. But in 
most other areas, nice situations certainly are of 
a quite different nature; there is no need to list ex
amples. 

Vector Fields and Vector Functions 
Two preliminary remarks seem appropriate. 

1) The results in the first part are all about cer
tain positive integers (dimensions, number of vec
tor fields, etc.). They state that, apart from those 
values of these integers where (multi-)linear solu
tions exist, there are no continuous solutions. This 
negative statement can be turned into a positive 
one, mainly about the existence of zeros; see Propo
sition 3. Moreover, in some of those cases where 
a linear solution exists, there are also other con
tinuous solutions of a different nature (not ho
motopic to linear ones). 

2) We, of course, do not suggest that the re
spective topological results should have been 
proved from the outset by reduction to linearity. 
On the contrary, these problems were a source of 
stimulation for developing interesting tools that 
still are very important, e.g., in modern homotopy 
theory. The linearization phenomenon emerged 
only a posteriori after the topological theorems had 
been established. 
Tangent Vector Field on a Sphere 
A tangent unit vector field von sn-1 c IH!n (given 
in coordinates ~1, ... , ~n of IH!n by 2: ~r = 1) is a 
function that attaches to X E sn- 1 a vector V(X) sat
isfying 

(1) 

(2) 

(v(x), x) = 0, 

lv(x) l2 = (v(x), v(x)) = 1 

for all X E sn- 1. Here ( ' ) is the standard scalar 
product in IH!n. 

Linearity implies that (2) is equivalent to 

(2') lv(x) l2 = (x, x) for all x E IH!n. 

If n is even, v(x) = ( - ~2. ~1. - ~4, ~3 •... ) is such 
a field, linear in x. What about linear fields if n is 
odd? Let 

be the components of v(x). Then (1) means 
2: aik~i~k = 0 for all x; i.e., the matrix aik is skew
symmetric. If n is odd, its determinant is 0, and 
thus there is an X E sn-1 with V(X) = 0, in contra
diction to (2). 

Proposition 1. A linear tangent unit vector field 
on sn-1 exists if and only if n- 1 is odd. 

We now ask the same question for continuous 
vector fields. These are, of course, more interest
ing from the viewpoint of geometry and analysis. 
Given such a field on sn-1, we consider the great 
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circle determined by x and v(x) and move the 
point x, in the v(x)-direction, to its antipode - x, 
for all X E sn-1. This is a homotopy (a continuous 
deformation) between the identity map and the an
tipodal map of sn-1. 

At this point the homological concept of degree 
comes into play. Its value is 1 for the identity and 
( - l)n for the antipodal map. Homotopic maps 
have the same degree, so we get 1 = ( - 1)n; i.e., n 
is even. 

Proposition 2. A continuous tangent unit vector 
field on sn- 1 exists if and only if n- 1 is odd. 

The crucial point is now to express these facts 
in a different way. We write Pn for the problem: 
Does there exist on sn- 1 a tangent unit vector 
field? 

Theorem L ("Linearization"). If Pn has a continu
ous solution, then it also has a linear solution. 

Theorem L is proved "indirectly" by using a 
method from algebraic topology. There is no harm 
in doing so. By a "direct" proof we would mean a 
procedure replacing a continuous field by a linear 
one (for example, through a variational principle 
where in the space of all continuous fields there 
would be an extremal expected to be linear). Such 
a direct proof would reduce the topological prob
lem to very elementary linear algebra. 

In the more complicated situations to be de
scribed below, a direct reduction to a transparent 
algebraic argument, though not necessary, might 
be even more interesting. 

Remarks. 1) The negative statement "There is, for 
even n - 1, no continuous tangent unit vector field 
on sn- 1" can be turned into a nontrivial existence 
statement for zeros, as follows. 

Proposition 3. Let fi(~1 •... , ~n), i = 1, ... , n, be 
continuous functions satisfying 

for all x with lxl = 1. If n is odd, then the fi have 
a common zero. 

Otherwise the fi could be normalized so as to 
be the components of a unit tangent vector field 
on sn-1. If the fi are polynomials, one has anal
gebraic statement for which no algebraic proof 
seems to be known. For the complex analogue, 
however, there is an algebraic proof by van der 
Waerden (1954). 

2) The above proof of Proposition 2 is by ele
mentary algebraic topology. For differentiable vec
tor fields there are other classical proofs, using 
analysis or geometry; they are all based on some 
version of the concept of degree. A very different 
analytic proof, however, is due to Milnor (1978). 
None of these proofs is by reduction to linearity. 
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Vector Functions of Two (or More) Variables, 
Multiplications in JR n 
The well-known vector cross-product x x yin JR3 

is a function of two vectors that is bilinear and ful
fills 

(3) (x x y,x} = (x x y,y} = 0, 

(4) lx x yl 2 = lxl 21yl 2 - (x,y} 2. 

For which n does such a bilinear vector product 
exist in JR"? 

We assume that it exists in JR" and imbed JR" 
in JRn+l = lR EelR". We write X E JRn+l as X=~+ x, 
~ E JR, x E JR", and similarly Y = 11 + y E JR"+1, and 
put 

(5) X·Y=~I7-(X,y}+~Y+T7X+XXy. 

Then 1 + 0 E JRn+l is a two-sided identity for that 
product, and an easy computation using (3) and (4), 
namely, 

IX· Yl 2 = ~ 2 17 2 + (x, y} 2 - 2~17(x, y} + ~2 1yl 2 

+ T7 21xl2 + 2~17(x,y} + lxl 21yl 2 - (x,y} 2 

= ~2172 + ~21yl2 + 1721xl2 + lxl 21yl 2' 

yields 

(6) 

The product (5) turns JR"+ 1 into an "algebra"; the 
commutative and associative laws are not required. 
It fulfills, however, the norm product rule (6). 

We consider for a moment such algebras in JR" 
with norm product rule. The product X · Y can eas
ily be modified so as to contain a two-sided iden
tity whose existence we will assume in the fol
lowing and denote 1. A bilinear product can be 
given by the multiplication table of a basis of JR"; 
it is convenient to have 1 as a basis element. 

The classical examples for n = 1, 2, 4, and 8 
are: 

]Rl = lR 
JR2 = c 
JR4 = quaternion algebra IHl (associative but not 

commutative) 
JR8 = "Cayley numbers" or Octonion algebra 

(not associative, not commutative) 

We do not give the well-known multiplication ta
bles for C (basis 1, i), IHl (basis 1, i, j, k), and the 
Octonions. We recall, however, that all these alge
bras fulfill the norm product rule (which implies 
that there are no zero-divisors). 

If we write ~J for the components of X, 17J of 
Y, ( 1 of X · Y, the norm product rule becomes 

(7) <~i + · · · + ~~)<11i + · · · + 17~) = (i + · · · + (~ . 
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Because of the "composition of quadratic forms" 
given by (7), the algebras with norm product rule 
are also called composition algebras. In 1898 Hur
witz proved that such a "composition of quadratic 
forms" with bilinear functions (J of the ~J and 17J. 
with real or complex coefficients, can exist for 
n= 1,2,4,8 only. 

Proposition 4. A bilinear multiplication in JR n with 
two-sided identity and with norm product rule ex
ists if and only if n = 1, 2, 4, 8. 

In the same spirit as before, we consider the cor
responding problem for continuous multiplica
tions. One would expect that continuity gives much 
more flexibility than bilinearity. However, Adams 
proved in 1960 that: 

Theorem A. A continuous multiplication with two
sided identity and norm product rule exists only 
for n=1,2,4,8. 

Thus, if we now write Pn for the continuous mul
tiplication problem in JR" (with the above proper
ties), one again has Theorem L, except that linear 
is to be replaced by bilinear. And a "direct" proof 
would reduce the proof of Adams's famous The
orem A to the very old Hurwitz argument of lin
ear algebra. 

The original proof of Adams's theorem was a 
real tour de force, using the whole range of meth
ods of algebraic topology known at that time. A 
very simple proof became available later thanks to 
the development of topological K-theory and the 
Atiyah-Hirzebruch integrality theorems; the proof 
is simple, but the prerequisites are certainly not. 

Here too an algebraic corollary can be men
tioned for which no algebraic proof is known. 

Proposition 5. JR" is a bilinear division algebra if 
and only if n = 1, 2, 4, or 8 . 

Division algebra means a product without zero
divisors (associativity and commutativity are not 
required). If such a product is given, it can be 
renormalized so as to fulfill the norm product 
rule, but one loses bilinearity. Theorem A then 
says that n = 1, 2, 4, or 8. 

If we return to vector products of two vectors 
in JR", the earlier arguments combined with the 
Hurwitz Theorem (Proposition 4) yield 

Proposition 6. A nontrivial bilinear vector prod
uct fulfilling (3) and (4) exists in JR3 and in JR7 and 
in no other JR". 

Indeed, it follows that n + 1 must be 1, 2, 4, or 
8. We have to show only that such a vector prod
uct actually exists in JR7. We first note that for n = 3 
the product (5) defines the usual quaternion mul
tiplication in JR4 , where in X =~+ x the JR-multi
ple ~ of 1 is the "real part", x the "imaginary part". 
Conversely, starting from the quaternion product, 
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one considers imaginary quaternions x, y E JR3 

and puts 

X X y = X· y + (X, y), 

which is imaginary. Then 

(x · y) · y = x · (y · y) = -lyl 2x 

(since y · y = -lyl 2 for y E JR3) 

= (x x y) · y - (x, y) y 

= - (x x y, y) +imaginary terms; 

whence (x x y, y) = 0, and similarly (x x y, x) = 0. 
By the norm product rule valid for the quater
mons one has 

lx · yl 2 = lx l2 · lyl 2 = lx x y- (x,y) l2 

= lx x y l2 + (x,y) 2 ; 

i.e., (4) holds. 
Exactly the same procedure works for the 

Octonions in JR8 = JR. E!llR.7. Although the product is 
not associative, the "alternative" law (X · Y) · Y = 
X · (Y · Y) holds, and only this has been used (ac
tually the alternative law holds in any composition 
algebra). Thus x x y = x · y + (x, y), x, y E JR7, is a 
bilinear vector product. 

For a continuous vector product in JR.n, the for
mula (5) defines, exactly as in the bilinear case, a 
continuous product with two-sided identity and 
norm product rule in JR.n+l. Again using Adams's 
Theorem A, we get 

Proposition 7. A continuous vector product in JR.n 
fulfilling (3) and (4) exists if and only if n = 3 
or 7. 

Writing Pn for the existence problem of a vec
tor product of two vectors in JR.n, one has Theo
rem L (with bilinear instead of linear). 

An interesting corollary of Proposition 7 con
cerns almost-complex structures on sn. Such a 
structure is given by a continuous field J(x) of lin
ear transformations of the tangent space at X E sn 
with J(x)2 = (minus)identity. (On a complex-ana
lytic manifold, multiplication of complex vector 
components by J=I is such a field. But we do not 
assume that complex-analytic coordinates are 
given.) 

Given the field Jon sn' we consider X E sn, a 
unit tangent vector y(x) (i.e., two vectors 
x, y E JR.n+l with lx l = IY I = I and (x, y) = 0), and 
the oriented tangent 2-plane determined by y and 
](x)y. We choose x x y to be the unit vector or
thogonal to y in that plane and corresponding to 
the orientation. 

We then have a vector product x x y defined for 
lx l = ly l =I and (x, y) = 0 only, but it can easily 
be extended to all vectors x, y E JR.n+l so as to ful
fill (3) and (4) and be continuous. Therefore n +I 
must be 3 or 7; whence n = 2 or 6. 
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Proposition 8. sn admits an almost-complex struc
ture only for n = 2 and 6. 

On 5 2 such a structure exists, of course, since 
52 can be turned into the Riemann sphere. On s6 

a (linear) almost-complex structure can be derived 
from the Octonions in JR8 ; it has been known since 
I95I that it cannot come from a complex-analytic 
structure on s6. 

A vector product of r vectors in JR. n, r < n, is a 
(multilinear) vector function v(x1, ... , Xr) E JR.n that 
fulfills 

(l)r (V(Xl, .. ,Xr),Xj) = O, j = I, ... ,r; 

(2) r I v(xl, ... Xr) 12 = determinant of the (x J, Xk). 

Condition (2) r above implies that v =f 0 if and 
only if the r vectors x J are linearly independent. 

For r = 2 this is the vector product above. The 
case r = I, vector field on a sphere, has been 
treated in the very beginning; a solution exists 
only if n is even. 

For which (r, n) does there exist such a vector 
product? We assume r ;:: 2 and fix an arbitrary unit 
vector Xr. Restricting the other variables to the 
JR.n - l orthogonal to Xr clearly yields a vector prod
uct of r- I vectors in JR.n - l. Continuing with the 
reduction, we get a vector product of I vector in 
JR.n - r+l, which implies that n - r must be odd. For 
r 2: 2, reducing to 2 vectors yields n - r + 2 = 
3 or 7; i.e., r = n- I orr = n - 5. 

For arbitrary n > I and r = n - I there is a well
known multilinear solution: Take for v the vector 
orthogonal to the hyperplane spanned by the vec
tors x J, j = I, ... , n - I (if they are linearly inde
pendent), with suitable orientation and suitably 
normalized. In terms of the n x (n - I)-matrix of 
the components of the XJ, the components of v 
are given by the (n- I) x (n- I)-minors with the 
usual signs. 

For r = n - 5 we know that (2, 7) has a bilinear 
solution. What about (3, 8)? Here again, a multi
linear vector product can be given explicitly in 
terms of the Octonions. A more elaborate argu
ment, using Octonions again, shows that (4, 9) 
does not have any multilinear solution. On the 
other hand, a topological method (cross-section of 
a Stiefel-manifold fibering, Steenrod squares; see 
survey [EI]) proves that even the continuous (4, 9)
problem does not have a solution. 

In summary: A continuous vector product of r 
vectors in JR.n exists only in the cases (I, n) with n 
even, (n- I, n), (2, 7), and (3, 8), and in these cases 
there is a (multi-)linear solution. 

Writing P(r,n) for the problem, Is there a vector 
product of r vectors in JR.n? we have: 

Theorem L. If P(r ,n) admits a continuous solution, 
then for that pair (r, n) it also has a (multi-)linear 
solution. 
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Vector Functions of One Variable, Maximal 
Number of Orthonormal Solutions 
We return to one vector function of one variable 
in ]Rn (tangent vector field problem on sn- l) and 
consider s orthonormal solutions. In other words, 
we haves+ 1 vector functions Vj(X), j = 0, 1, . .. , s 
in JRn, defined for lxl = 1 with vo(x) = x, and 

(Vj(X),Vk(X)) =bjk. j,k=0,1, ... ,S. 

We assume that the vectors Vj are linear func
tions of x and write Vj(X) = Ajx where Aj is a real 
n x n -matrix, Ao = E (unit matrix). Then 

(Vj(X), Vk(X)) = (AjX, Akx) = 8 jk (x, x) 

for all x E JRn. This implies that all Aj are 
orthogonal matrices, that A J A j = E where A J 
denotes the transposed matrix, and that for 
J=fk 

A)Ak+A[Aj=O. 

For k = 0 this yields AJ +Aj = 0, j = 1, ... ,s; 
whence 

(S) AJ = -E, AjAk +AkAj = 0 

for j =f k, j, k = 1, ... s. 

In addition the matrices have to be orthogonal 
or, equivalently, skew-symmetric. 

Such matrices, with real or complex entries, 
are called Hurwitz-Radon matrices. They were 
independently! examined around 1920 by 
Hurwitz and Radon; they determined for given 
n the maximum possible number s. If n = 
odd.16oc2/3, {3 = 0, 1, 2, 3, then 

Smax = Soc+ 2/3 - 1. 

The quantity p(n) = Soc+ 2/3 is called the Radon 
number of n, and the relations (S) are called the 
Hurwitz matrix equations. 

Proposition 9. The maxinlum number of ortho
normal tangent vector fields on sn- l depending 
linearly on y E sn-l is p(n) - 1. 

Again, the continuous analogue was established 
by Adams (1962) in his famous 

Theorem B. The maxinlum number of continuous 
orthonormal tangent vector fields on sn-l is 
p(n)- 1. 

The proof is yet more difficult and technical than 
the original proof of Theorem A. So far no simpler 
argument of algebraic topology has been found. If, 
by analogy to the foregoing, we write Pn,s for the 
problem, Is there a system of s orthonormal tan-

lHurwitz died in 1919. His paper appeared in 1923. 
Radon's work was submitted in 1922 and also was pub
lished in 1923. 
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gent vector fields (s-frames) on sn-l? then we 
again have Theorem L, this time with Pn replaced 
by Pn,s· 

In the continuous case the same holds for lin
early independent fields instead of orthonormal 
ones, since orthonormalization does not affect 
continuity. 

Hurwitz-Radon Matrices and Homotopy 
Groups 
We begin with some remarks concerning the Hur
witz-Radon matrix problem (S). 

The proofs by Hurwitz and Radon were by ma
trix computations. A different proof, of a more 
conceptual nature, was given in 1942 by the 
author using classical representation theory 
applied to a certain finite group Gs (generated by 
symbols A1, ... , As, E with relations dictated by (S), 
i.e., E2 = 1,AJ = E,AjAk = EAkAj, j =f k). Instead 
of looking for maxinlal s given n, one asks for min
imal n given s. Minimal n is provided by irre
ducible orthogonal representations with E ,_. -E. 
The advantage of this method is that it gives ex
plicitly all solutions and shows very simply that 
there exist solutions with matrix entries 0, + 1, 
and -1 only; see [£2]. We note here, for use in the 
next section, that the same matrix problem can, of 
course, be formulated for unitary representations 
and this is simpler than the orthogonal problem. 

s s - 1 
In that case the minimal n is 2 2 for even s and 2 2 

for odd s. All solutions are direct sums of the 
minimal ones. In a solution for s + 1, omitting the 
last matrix As+l of course yields a solution for s. 
For even s, a minimal solution is obtained in this 
way from a minimal solution for s + 1, since 

s (s+ll - 1 
2 2 = 2 -2 -. In other words, the solutions for even 
s are not essential; they all come from s + 1. 

Let A1, ... ,As be a set of orthogonal Hurwitz
Radon matrices, i.e., a solution of (S); let Ao = E; 
and let oco, oc1, ... , OCs be real numbers with 
~oc] = 1. From (S) it follows easily that the n x n
matrix 

(9) 

is orthogonal, and this is equivalent to (S). We 
write a= (oco, oc1, ... , OCs) E ss in JRs+l and con
sider f as a (linear) map of ss into the orthogonal 
group O(n). Combining with the natural imbedding 
of O(n) into the infinite orthogonal group 0 (the 
limit of the usual inclusions O(n) ~ O(n + 1)), we 
get a map F : ss ~ 0. Conversely, any linear map 
F : ss ~ 0 of the form (9) (the image necessarily 
lies in some O(n)), with Ao = E, is given by or
thogonal Hurwitz-Radon n x n-matrices. The ho
motopy class of F is an element of the homotopy 
group rrsO. 

[Remark: The matrix (9) being orthogonal shows 
that a solution of the Hurwitz equations (S) is 
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equivalent to the composition of quadratic forms, 
generalizing (7), 

(lX6 + ... + lX~)(~f + , . . . '~~) = ((f + ... + (~). 

where the (i are bilinear in the lX J and ~i .] 
One can proceed in exactly the same way with 

a unitary solution of (8). Then f and F (we use the 
same letters) yield a homotopy class in rr5 (U) 
where U is the infinite unitary group, the limit of 
the inclusions U(n) ~ U(n + 1). Both cases are 
closely related to Bott periodicity (1956). Here we 
restrict ourselves, for simplicity, to the unitary 
case; the orthogonal case can be dealt with in the 
same way, though the details are a little more com
plicated. 

As for the homotopy group rr5 U(n), it has been 
known since around 1940 that 

TTsU(n) ~ TTsU c; 1 ) 

'f . dd d s + 1 1 s1so an n:2:-2-, 

TTsU(n) ~ TTsU c; 2 ) 

'f . d s + 2 1 s IS even an n :2: - 2-. 

The isomorphisms are given by the imbedding 
U(n) ~ U(n + 1). These "stable" groups are the ho
motopy groups TTs U. 

The Bott periodicity theorem determined the 
groups TTsU completely: 

TTsU = Z if sis odd, 

= 0 if s is even. 

If s is even, any solution of (8) yields, as it must, 
a nullhomotopic map f: ss ~ U(n), since it comes 
from a solution for s + 1, so that f can be extended 
to a linear map ss+l ~ U(n) and is therefore null
homotopic (even in a linear way). 

For odd s, however, one has the interesting re
sult: 

A minimal solution of the Hurwitz-Radon prob
lem yields, for odds, through 5 5 ~ U(n) ~ U given 
by f above, a generator of rr5 U. 

s- l 
Note that here n = 22, while in the usual 

approach the generator, in the stable group 
rr5 U( 5; 1), lies in dimension n = s;l. For the 
lowest cases s = 1 and 3, these n are equal, and 
the generators are easily recognized to be identi
cal. This is not so for s > 3, so that a proof is 
needed. It makes use (see [E2]) of Bott's theorem 
in its full topological statement. On the algebraic 
side it is based on a simultaneous analysis of the 
solutions of the matrix problem (8) for all values 
of s. 

What about the multiples of the generator? The 
group operation (addition) for two elements of 
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TTsU can be described in a simple way: One just 
places the two maps ss ~ U(n) over the diagonal 
in U(2n). One therefore can obtain all elements of 
TTs U, i.e., of rrs U(n) for sufficiently high n, through 
unitary Hurwitz-Radon matrices. This can be ex
pressed agai:q as a linearization result of a differ
ent nature: 

Theorem L'. Any continuous map ss ~ U(n), 
n :2: s; 1 , or :2: s;2 respectively is homotopic in U 
to a linear map. 

A direct proof of that theorem would reduce Bott 
periodicity to the purely algebraic discussion of 
Hurwitz-Radon matrices. 

What Bott proved was actually more than the pe
riodicity of homotopy groups: One considers D.U, 
the space of loops in U beginning and ending in 
1 E U. The periodicity of homotopy groups 
rrs+2(U) = rrs(U) for all s :2: 0 is essentially the 
same as a homotopy equivalence between D.D.U 
and U and thus a periodicity with period 2 for all 
iterated loop-spaces of U. For the groups of ho
motopy classes of maps of arbitrary spaces (cell 
complexes) X into U and into the iterated loop
spaces of U, one therefore has the same periodic
ity. The (abelian) groups thus obtained constitute 
a cohomology functor called topological K-the
ory. This was the first example of an "extraordi
nary" cohomology theory, and it seems interest
ing that it is closely related to the unitary 
Hurwitz-Radon matrices. 

Everything can also be said, mutatis mutandis, 
about the orthogonal (or the symplectic) Hurwitz
Radon matrices and the infinite orthogonal (or 
symplectic) group and the corresponding K-the
ory; here the periodicity has period 8. 

Von Neumann Algebra of a Group 

About the Bass Conjecture 
Here we consider the complex group algebra CG 
of a discrete group G. Recall that it is the complex 
vector space having the group elements as basis, 
with product given by the group multiplication of 
the basis elements. The identity element 1 E G is 
the identity for the algebra product. An idempo
tent a E CG is an element fulfilling a 2 = a. The 
idempotent conjecture says that the only idempo
tents in CG are 0 and 1, as in C or any division 
ring, provided the group G is torsion-free, i.e., has 
no elements of finite order =f 1 (elements of finite 
order easily yield nontrivial idempotents of CG). 
In the following we always assume G to be torsion
free. 

A strong tool to deal with this problem is the 
"canonical" trace K(a), also called the Kaplansky 
trace of a E CG; it is the coefficient of 1 E G of a. 
A little more generally, let A = (aij) be an idem
potent (n x n)-matrix with entries in CG and 
K(A) = 2.K(aii). The image of A in CGn is a finitely 
generated projective CG-module P, and we write 
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also K(P) for K(A), since K is independent of the 
imbedding of P in some ccn. 
Kaplansky Theorem. K(A) is a nonnegative real 
number, equal to 0 only if A = 0. 

Actually K(A) is known to be rational, but here 
we will not make use of this. 

We recall that the von Neumann algebra N(G) 
of G can be defined as the algebra of all G-equi
variant bounded linear operators on the Hilbert 
space .fJ 2 G of square-summable complex functions 
on G. A simple proof of the above theorem is ob
tained by imbedding <CG into N(G); then K(A) can 
be identified with the von Neumann trace of A. Al
though the idempotent map defined by A need not 
be selfadjoint, it is equivalent to a selfadjoint one 
(orthogonal projection). In other words, K(A) = K(P) 
is the von Neumann dimension of the Hilbert-G
module -IJ2 G 0 c G P. 

Another notion of trace is given by the aug
mentation of 2.au. It is an integer, namely, the di
mension of the <C-vector space <C 0 c G P, which we 
write in short d(P). The Bass conjecture says that 
these two traces are equal: 

(10) K(P) = d(P). 

This is the weak form of the conjecture, implied 
by the strong one, which we do not formulate here; 
see [B]. It has been proved for several big classes 
of groups G, such as linear groups, solvable groups 
(of finite homological dimension), hyperbolic 
groups, 3-manifold groups, groups of cohomo
logical dimension 2 (over Q). The proof of the 
simple equation (10) is very indirect and different 
for the various classes, using arithmetic methods, 
cyclic homology of groups, homological dimen
sion, etc. (Bass 1976, Eckmann 1986). 

Note that for an idempotent a E <CG the pro
jective P is the left ideal <CGa c <CG and d(P) is 
necessarily equal to 0 or 1. Thus K(a) = 0 or 
K(l- a)= 0, which proves the idempotent con
jecture for the respective groups. 
Projective Modules over N(G) 
Beyond the equality (10), i.e., the weak Bass con
jecture, one can say more: Through the imbed
ding of <CG in N(G) the projective module P be
comes a finitely generated projective N(G)-module 
N(G) 0 cG P that turns out to be a free N(G)
module of rank equal to d(P) = dimc<C 0 c G P. This 
can be expressed as an isomorphism of N(G)
modules 

N(G) 0 c G P = N(G) 0 c (<C 0 cG P), 

or more intuitively as an associativity formula 

(11) (N(G) 0 c <C) 0 cG P = N(G) 0 c (<C 0 c G P), 

where everything is purely algebraic. In particular, 
N(G) is considered just as an algebra. 
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For the proof, however, one uses the fact tho.c 
the N( G) is a finite von Neumann algebra and thus 
admits a center-valued trace: For the projection 
onto N(G) 0 c G Pits value is precisely K(P).identity 
(here a deep result on finite conjugacy classes in 
G following from [B], Theorem 8.1, is used). If the 
weak Bass conjecture holds, it is equal to 
d(P).identity, which is the center-valued trace of 
the above free module. And projective modules 
having the same center-valued trace are isomor
phic. 

[Actually, more is true. The algebraic category 
of finitely generated projective N(G)-modules is 
equivalent to the category of finitely generated 
Hilbert-G-modules (and G-equivariant bounded 
linear operators as morphisms). And if two N(G)
projectives have the same center-valued trace, then 
the corresponding Hilbert- G-modules are isomet
rically G -isomorphic. The von Neumann dimension 
can be carried over to finitely generated projective 
N(G)-modules; a special feature is that submod
ules of finitely generated projective N(G)-mod
ules are again projective.] 

Conversely, the center-valued traces show that 
(11) implies the (weak) Bass conjecture for G, 
K(P) = d(P). 

Theorem L". The associativity formula (11) is 
equivalent to the weak Bass conjecture K(P) = d(P) 
for all finitely generated projective <CG-modules. 

For many classes of groups, K(P) = d(P); whence 
(11) is a theorem, and certainly not an easy one, 
with different proofs according to the respective 
class. Dare one ask here for a more direct ap
proach to Theorem L "?For which groups? In what 
generality? 
Return to Topology: Poincare-2-Complex 
First, some very short technical remarks about 
Hilbert space methods in algebraic topology. 

In recent years homotopy invariants of a space 
X (cell-complexes of finite type with infinite fun
damental group G) have been introduced and ap
plied with the help of Hilbert- G-modules: -IJ2-ho
mology modules (reduced, i.e., cycles modulo the 
closure of the boundary space) and -IJ2-Betti num
bers (their von Neumann dimension). These con
cepts actually go back to Atiyah (1976), but were 
fully developed much later. 

In view of the category equivalence above, one 
gets a purely algebraic approach to all this: G 
operates as a covering transformation group on 
the universal covering X of X; the chain groups of 
X are free ZG-modules, and tensoring them over 
<CG with the algebra N(G), one obtains a complex 
of finitely generated free N(G)-modules. Its ho
mology groups are not projective in general, but 
finitely presented N(G)-modules. Their "projective 
part", corresponding to reduced -IJ2 -homology, 
yields the -IJ2-Betti numbers, and they also yield the 
Novikov-Shubin invariants (Farber, Luck, 1995). 
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If G fulfills the Bass conjecture, then the 
same procedure can be applied to a finitely 
dominated space X, since the chain groups of 
X are finitely generated projective ZG-modules, 
and the tensor product over <CG yields free N(G)
modules. This is interesting, for example, for Poin
care complexes. 

A connected space is called a Poincare- n
complex if it fulfills the classical Poincare duality 
relations well known for closed n-manifolds
an approximation to the latter. We restrict atten
tion to a very special application. It concerns the 
theorem (the author et al.; cf. the survey [E3]): 

A Poincare-2-complex X with infinite funda
mental group G is homotopy equivalent to a closed 
surface of genus ::::: 1 . 

No finiteness assumptions are required; Xis fi
nitely dominated. An important ingredient in the 
proof (we mention here only the orientable case) 
is to show that the first ordinary Betti number 
lh (X) is ::::: 2. The methods above greatly simplify 
the argument, as follows. 

The -Bz-Betti numbers bi(X) compute the Euler 
characteristic of the space and fulfill Poincare du
ality in the manifold- or Poincare complex-case, ex
actly as the ordinary Betti numbers do. The Betti 
number bo in case of an infinite group G is easily 
seen to be = 0. Thus in our situation 

x(X) = /3o - /31 + /3z = 2 - /31 = - b1; 

whence indeed /31 ~ 2. 
The Poincare complex above is aspherical; i.e., 

all homotopy groups in dimensions ::::: 2 are 0. It 
is thus a classifying space for G, and the homol
ogy of G is the same as the homology of X. (The 
cohomological dimension being 2, the Bass con
jecture is fulfilled; this we have already used above 
implicitly.) Passing to the universal cover of the sur
face, one can express the result in terms of the 
group G, yet another linearity statement: 

Theorem L"'. A group whose homology fulfills 
Poincare duality of dimension 2 is isomorphic to 
a plane motion group operating freely with com
pact fundamental domain on the Euclidean or hy
perbolic plane. 

If a group G is the fundamental group of a 
closed aspherical n-manifold, then its homology 
fulfills, of course, Poincare duality of dimension 
n. Is the converse true? For dimensions n ::::: 3 this 
problem is still unsolved, except for partial re
sults in dimension 3. 
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Much of the history of science and tech
nology can be told through instru
ments and devices. A Geiger counter, 
Samuel Morse's original telegraph, a 
seventeenth-century telescope, a Bun

sen burner from a high school chemistry lab
such a collection of objects would express a great 
deal about the history and influence of science 
and technology. But what about mathematics? The 
field historically has had little need for instru
ments or experimental apparatus. And while math
ematics has been important for many technologi
cal feats, its role is often hidden, providing 
theoretical underpinnings rather than nuts and 
bolts. Does mathematics leave behind artifacts 
that tell its story? 

Indeed it does, as can be seen in the Mathematics 
Collection at the Smithsonian Institution in Wash
ington, DC. As a recent visit demonstrated, the 
collection houses a marvelous array of objects 
which delight, amuse, and edify-and which ex
press much about mathematics and its impact on 
the world. Also at the Smithsonian, one can find 
a more traditional, but no less wonderful, view of 
mathematics as it is captured on the printed page, 
through the rare mathematics book collection at 
the Dibner Library. 

Collecting Mathematical History 
The Smithsonian Institution was founded in 1846 
through a bequest from James Smithson, a British 
scientist who had never been to the U.S. The first 

Allyn jackson is senior writer and deputy editor of the 
Notices. Her e·mail address is axj@ams. org. 
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secretary of the Smithsonian was Joseph Henry, co
discoverer with Michael Faraday of electromag
netic induction and a professor at Princeton Uni
versity. Henry's interests set the stage for an 
emphasis on science at the Smithsonian, and in fact 
his original vision was that of a research institu
tion that would facilitate communication among 
scientists in the U.S. It was only later after receiv
ing a windfall of objects from the U.S. Patent Of
fice and from the 1876 Centennial Exhibition in 
Philadelphia that the Smithsonian began to orient 
its activities toward museum collections. Although 
the 1865 red sandstone building on The Mall in 
Washington, DC, has come to symbolize the Smith
sonian, today that building holds only adminis
trative offices and an information center. The 
Smithsonian Institution is actually spread over 
sixteen museums and galleries, the National Zoo, 
and numerous research facilities in Washington and 
elsewhere. 

At the end of the nineteenth century, there were 
very few objects relating to mathematics in the 
Smithsonian collections. It was not until the 19 50s, 
when the Smithsonian's Museum of History and 
Technology was established, that interest devel
oped in creating collections focused on mathe
matics and the then-budding discipline of com
puter science. One of the motivations was the 
desire to preserve the history of the first relay 
and electronic computers, which were rapidly be
coming obsolete. In 1963 the historian of mathe
matics, Uta C. Merzbach, was brought to the mu
seum to develop collections in mathematics and 
computer science by organizing objects already at 
the Smithsonian and also by obtaining new ob-
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jects for the collections. Merzbach is perhaps best 
known among mathematicians as the one who re
vised and expanded Carl B. Boyer's classic book A 
History of Mathematics. 

During her twenty-four years at the Smithson
ian, Merzbach built a strong collection, with par
ticular emphasis in the areas of digital, analogue, 
and representational devices spanning the cen
tury from the 1850s to the 1950s. Most of the ac
quisitions were donations from individuals and 
from educational and business organizations span
ning a wide economic range. The intent of the col
lection is to preserve not only objects that are 
unique but also ones that represent a particular his
torical period. The Smithsonian collections are 
used not only for museum exhibits but also for 
study by scholars, so efforts are made to obtain 
patterns, trade literature, and other supplementary 
materials that can help in the understanding of the 
objects. 

Peggy Kidwell, who 
watches over the 
Mathematics 
Collection. 

Today the Museum of 
History and Technology 
is called the National Mu
seum of American His
tory, and Peggy Aldrich 
Kidwell now oversees the 
Mathematics Collection. 
Trained in the history of 
astronomy and mathe
matical instruments, 
Kidwell came to the 
Smithsonian in 1982 as 
a postdoctoral re
searcher after receiving 
her Ph.D. from Yale Uni
versity. The collection, 
which comprises per-
haps 5,000 objects, is not 

on permanent display. However, Kidwell is happy 
to schedule appointments for those who wish to 
visit the collection. Whether one is working on a 
specific research project and knows exactly what 
one wants to see, or whether out of simple curiosity 
one wants to get a taste of what is in the collec
tion, Kidwell is a knowledgeable guide whose love 
of history is infectious. In addition to responding 
to requests for information about the collection or 
about mathematics history in general, she also an
swers questions from people who have come across 
mathematical objects and want to know more 
about them. 

Paper and String, Cardboard and Brass 
Recently Kidwell led a visitor down a nondescript 
corridor and into the room that holds the smaller 
objects in the Mathematics Collection. Colorful 
boxes containing computer games and other soft
ware stood in piles near an array of chunky com
puter keyboards and monitors that date from the 
1970s and already look surprisingly old-fashioned; 
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these will eventually be added to the ever-growing 
collection of personal computers. On top of a fil
ing cabinet, the upper half of a mannequin dressed 
in a uniform lays on its back, arms stretched up 
toward the ceiling. "We call 
her Mabel," Kidwell says, ex
plaining that Mabel is a relic 
from an exhibit past. Kid
well soon dispels the sense 
of chaos-though not all of 
the whimsy-with a selec
tion of objects she has as
sembled on a table. Each is 
carefully marked with a cat
alogue number, and some 
are accompanied by index 
cards explaining what the 
objects are. Once hands are 
clad in white cotton gloves, 
one can begin to see and 
touch some bits of history. 

Kidwell has brought out 
two folded paper models of Paper models of polyhedra by A. 
polyhedra made around Harold Wheeler. Gift of Helen 
1920 by A. Harold Wheeler, Wheeler. Photograph by Rick 
a high school teacher in Vargas. 
Worcester, Massachusetts. 
The collection contains 
about 1,000 Wheeler mod
els, as well as templates for 
making them. The models 
are held together, not with 
glue, but by ingenious tabs 
that fit in at just the right 
places. These two models 
are certainly not the usual 
icosahedra or dodecahedra. 
One of them could perhaps 
be called a stellation of an 
icosahedron: each of the 
twenty triangles making up 
the faces of an icosahedron 
is fitted with three triangu
lar pyramids whose bases 
fill out the face. It looks like 
a many-pointed star. Even 
more startling is the other 
model, which Wheeler Adjustable mathematical model, 
called "a combination icosa- unknown maker. Gift of the 
hedron and dodecahedron." University of Michigan. 
That such a patchwork of Photograph by Ricardo Blanc. 
triangles and irregular 
quadrilaterals could fit to-
gether to form a symmetrical polyhedron is very 
surprising. The delicacy and precision of the paper 
folding adds to the impact. 

A famous result of Cauchy says that all convex 
3-dimensional polyhedra are rigid; that is, given 
such a polyhedron, there is no small nontrivial 
deformation of it that yields a polyhedron with 
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Mathematics Collection: 
Peggy Kidwell 
Mathematics Collection 
Division of Information, Technology, and Society 
National Museum of American History 
Smithsonian Institution 
Washington, DC 20560-0636 
e-mail: kidwellp@nmah.si.edu 
telephone 202-357-2392 

Kidwell welcomes groups or individuals to make appoint
ments to visit the collection. There is also a small program for 
junior or senior college mathematics majors to serve as vol
unteer interns. For information, go to the Web page 
http:/ /www.si. edu/cms/, and then look for internships at the 
National Museum of American History, in the Division of In
formation, Technology, and Society. There is also a very lim
ited number of fellowships for predoctoral and postdoctoral 
research in history, particularly as it relates to American cul
ture. For further information, consult the Web page 
http:/ /www.si.edu/organiza/offices/fellow/start.htm. 

Rare Mathematics Book Collection: 
Ronald Brashear, Rare Books Curator 
Dibner Library of History of Science & Technology 
NMAH 5016 
Smithsonian Institution Libraries 
Washington, DC 20560-0630 
e-mail: rbrashea@sil.si.edu 
telephone 202-357-1568 

Brashear welcomes groups or individuals to make appoint
ments to visit the collection. 

Smithsonian Institution Web site: 
For further information on the Smithsonian Institution, visit 

the Web site http://www.si.edu/. 
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faces that are congruent to the corresponding 
faces of the original polyhedron. For a long time 
it was thought that no such deformations existed 
even for nonconvex polyhedra. So it was a surprise 
when, in 1977, more than 160 years after Cauchy's 
work, Robert Connelly produced counterexamples: 
polyhedra that could "flex." What does such a 
strange beast look like? Kidwell had one example 
on hand, in the form of a model made by Connelly. 
Unfortunately, the model, taped together from 
pieces of cardboard that looked as if they had 
been cut from an old shoebox, was falling apart, 
making a demonstration of its flexing properties 
impossible. A mysterious cut -out window covered 
over in cellophane provided an interior view. 

Models of geometric objects are often found on 
display in mathematics departments. Kidwell sees 
it as part of her job to encourage departments to 
preserve, catalogue, and display such objects. But 
when they get squeezed out of an overcrowded li
brary and are headed for the dustbin, Kidwell 
would like to see them before they are tossed. If 
they are not duplicates of ones the Smithsonian al
ready has, or if they are made of an unusual rna-
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terial or have a special history, they may be added 
to the collection. One of the most common kinds 
of models is the string model, used for illustrat
ing ruled surfaces. On this visit Kidwell brought 
out an especially fine example of a string model 
that had come from Wesleyan University. After 
the 1893 World's Fair in Chicago, Wesleyan bought 
a large number of these models, which were made 
not by a mathematician but by a German pub
lisher named Ludwig Brill. Kidwell says that often 
the strings in such models get broken, and it can 
be very difficult to figure out how to restring them. 
In the case of this model the restringing, using three 
colors of thread, was exactly right. Starting with a 
cone, a cylinder, and a plane, each in its own color, 
one can rotate the circular metal frame at the top 
of the model to get a hyperboloid and a parabo
loid. 

One of Kidwell's interests is collecting keypunch 
cards. Anyone who ever spent hours in a dreary 
basement computer lab struggling to program a 
computer with keypunch cards and tossing great 
stacks of them into recycling bins might wonder 
if she isn't a bit daft. But as she pulls down from 
a shelf what appears to be a book marked "Uni
versity of California Press, 1940", one understands 
her interest. It is not a book, but a box of keypunch 
cards entitled Stencils for Solving x2 = a (mod n), 
and the "author" is the mathematician Raphael M. 
Robinson, who was on the faculty of the Univer
sity of California, Berkeley, and who died in 1995. 
The set of cards, perhaps two inches thick, vividly 
demonstrates how much more onerous such com
putations were sixty years ago. In fact, as Kidwell 
points out, keypunch cards have a long history dat
ing back to 1890, when Herman Hollerith invented 
them for tabulating U.S. census data that year. 
Opening a drawer, she pulls out one of Hollerith's 
cards, now brown with age, and notes that after 
the census Hollerith tried unsuccessfully to inter
est railroads in using his invention. He signed a con
tract to tabulate the Russian census in 1896, the 
year he started the Tabulating Machine Company. 
After the company did the U.S. census of 1900, it 
attracted commercial clients. Later the company 
merged with three others, and in 1921 it was re
named International Business Machines, or IBM. 
Pointing out another instance in which past meets 
present, Kidwell takes out another keypunch card, 
this one from the 1950s, in which the field for dates 
has only two spaces for the year. The seeds of the 
"Year 2000" computer problem were already sown. 

The Mathematics Collection has a number of 
patent models, one-of-a-kind prototypes submit
ted to the U.S. Patent Office as demonstrations of 
new inventions. One of these, which was never 
made into a product that was sold, was created in 
1858 by Thomas Hill, president of Harvard Uni
versity and a Unitarian minister. As Kidwell put it, 
"He preached on Sundays and did math on Mon-
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days." A student of Ben
jamin Peirce, Hill once 
wrote a treatise on math
ematics as it revealed di
vine Providence. But he 
was also a practical, can
do sort. The first key-dri
ven adding machine was 
built in Europe in 1851; 
and when Hill heard 
about this, he decided he 
would make his own. The 
resulting patent model 
demonstrates his idea. It 
is a wooden box, about 
six inches on a side, with 
an array of keys that are 
something like typewriter 
keys but made of wood 
and marked with num
bers. One presses the 
keys to enter the digits 
of the numbers to be 
added, and this causes 
wheels inside the device 
to turn and perform the 
calculation. The wheels 
stop in a certain position, 
and small cut-out win
dows allow one to read 
off the digits of the re
sult. 

Astronomical compendium by Christopherus Schissler of Augsburg, dated 1571. One 
side (top) has a list of the latitudes of various cities, a horizontal sundial, and a wind 
rose. The other side (bottom) of the instrument has a nocturnal (an instrument for 
telling time at night) and a lunar volvelle. 

Most of the objects in the Mathematics Collec
tion are American or were used in the U.S., but there 
are also many items hailing from other parts of the 
globe. One example is an "astronomical com
pendium", made in Augsburg, Germany, in 15 71. 
A great deal of geometry went into the making of 
this compact timekeeping instrument, which is 
small enough that it would fit more easily into a 
pocket than the typical cellular phone. Inside it has 
a "pop-up" sundial, a compass, and a hole into 
which one can insert a tiny windvane. Flip it over 
and there is an instrument that allows one to tell 
time at night by adjusting a tiny movable arm to 
align with the position of the Polestar. To top it off, 
there is a rotating dial that shows the phases of 
the moon and is designed to convert lunar to solar 
time. 

There are many more treasures in the Mathe
matics Collection. There are adding machines, cash 
registers, and calculating devices of all kinds. There 
are protractors and compasses and T-squares of 
all sizes, and unending variations on the abacus. 
There are computers and calculators, including 
one of the famous HP calculators that had a wrong 
value for J2 (the Smithsonian Electricity Collec
tion has one of the flawed Pentium chips). On dis
play in the museum are parts of the lAS computer, 
one of the early stored-program computers built 
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in the 1940s at the Institute for Advanced Study 
under the direction of John von Neumann. The 
Mathematics Collection also contains eighty paint
ings done between 1965 and 1973 by the Ameri
can cartoonist Crockett Johnson, creator of the 
comic strip "Barnaby". The paintings are the artist's 
interpretations of mathematical theorems and 
physical principles. There are also some pho
tographs, including a wide-angle shot of partici
pants in the Semicentennial Meeting of the AMS, 
held in 1938 in New York City. 

Kidwell says that she would like one day to pre
pare an exhibit on "numbered people in a num
bered world," which would explore the ways in 
which Americans use numbers to describe them
selves, other people, and the world around them. 
Otherwise, no exhibits exclusively about mathe
matics are in the works, although a few objects 
from the Mathematics Collection may be found in 
some exhibits in the Smithsonian. What this means 
is that one must make an appointment to get a feel
ing for what is in the Mathematics Collection. But 
it also means that, rather than peering into a closed 
display case and reading dry descriptions, one 
gets to see the objects up close and to discuss them 
with Kidwell, whose knowledge and insights help 
to bring the collection to life. 
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where it became part of the Dib
ner Institute for the History of Sci
ence and Technology. The build
ing that housed the Burndy 
Library was demolished by the 
company that bought the building 
after Dibner's death. 

Dibner's gift to the Smithson
ian comprised about 10,000 
books, 1,600 manuscripts, and 
300 incunabula-literally, "from 
the cradle", which means that they 
were printed before 1501, in the 
early years of printing. With these 
holdings the Smithsonian founded 
the Dibner Library of the History 
of Science and Technology and 
added other rare books from its 
own collection. Dibner's gift in
cluded all of the works catalogued 
in his well-known reference book 
Heralds of Science, which supplies 
information about two hundred 
"epochal" works in science and 
technology, nineteen of them in 
mathematics. Today the Dibner 
Library has about six hundred ti
tles that come under Library of 
Congress headings for mathe
matics. There are many other 
works that could be considered 
mathematics but are not cata
logued as such: for example, the 
163 7 edition of Descartes's La 
Geometrie is catalogued under 
philosophy, since it was printed as 
part of his Discours de la Methode. 

Page one from the first printed edition of Euclid's Elements, 1482. The Dibner Library is one of 
nineteen branches of the Smith-

Euclid et AI. 
Bern Dibner was an electrical engineer and inven
tor with a passionate interest in the history of sci
ence. Born near Kiev in 1897, he emigrated to the 
U.S. and in 1924 started the Burndy Engineering 
Company. The business was sufficiently success
ful that two years later he took a sabbatical in Eu
rope to study Renaissance art and science. While 
there he bought a number of rare books in science 
and technology, which at that time did not com
mand such high prices as they do today. Upon re
turning to the U.S., Dibner continued to add to the 
collection, and after his company moved to Nor
walk, Connecticut, he built a library there. The 
Burndy Library opened in 1964 with a collection 
of about 2 5,000 rare works in science and tech
nology. In the 1970s Dibner donated a substantial 
part of the library holdings to the Smithsonian In
stitution. Later, the remainder of the Burndy Library 
went to the Massachusetts Institute of Technology, 
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sonian Institution Libraries. Like 
the Smithsonian Mathematics Collection, the Dib
ner Library is located in the National Museum of 
American History and is open by appointment 
only. Rare books curator Ronald Brashear is happy 
to have visitors come see the books and to"help 
them navigate the collection. Bibliophiles be 
warned: This collection may cause drooling. On a 
recent visit, Brashear brought out three of the li
brary's many different editions of Euclid's Ele
ments. The oldest one is the first printed edition 
of the Elements, from 1482. The book has weath
ered its five hundred years astonishingly well. 
Brashear explained that the impression of newness 
is partly a result of the binding, which he conjec
tured dated from the late eighteenth century. The 
unblemished, supple quality of the pages exem
plifies the excellent paper in use at the time. The 
high quality of the paper, Brashear noted, means 
that very early books tend to be in good condition. 
It was not until the nineteenth century that acid 
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London, Edinburgh, and Dublin Philosophical Magazine and journal of Science, Volume 38, Fifth Series, July 1894. 

A Curator's Favorite 
During her twenty-four years at the Smithsonian, Uta Merzbach acquired many objects for the Mathematics Collec
tion. Asked if there is one that was especially unusual or valuable, she replies it is difficult to choose only one. But 
she does confess a special fondness for the multi-integrator Henrici-Coradi analyzer. 

First built around the turn of the century by G. Coradi in Zurich according to a design of 0. Henrici, the analyzer 
is a device for computing the Fourier coefficients of a curve. Each integrator consists of a finely tuned arrangement 
of metal cylinders, spindles, disks and a glass sphere, mounted onto a rectangular frame set upon three wheels. 
Along the front of the frame is a carriage to which a tracer is attached. Given a curve drawn on a piece of paper, 
one runs the tracer over the curve, and this causes the various parts of the device to move. The glass sphere ro
tates, and the angle through which it rotates is communicated to registering wheels. The Fourier coefficient data is 
then read from these wheels. Varying the size of the disks allows one to compute different Fourier coefficients. Typ
ically six disks were provided. 

The Henrici-Coradi analyzer was used by mathematicians: The first one of its kind was made around 1893 for 
Felix Klein. Henrici continued to make the analyzers for years, and they were custom built according to the needs 
of the users. The accompanying illustration is taken from the article "On a new Harmonic Analyser," by 0. Henrici, 
Philosophical Magazine, July 1894 (pages 11 0-121 ). The analyzer in the Smithsonian Mathematics Collect ion is of 
post-World War I vintage and has two glass spheres. 

Merzbach points out that the Henrici-Coradi analyzer is not only historically significant but also is "beautifully 
engineered and esthetically pleasing." "It took some effort on my part to find one," she recalls. What's more, "it came 
as a donation." 

was used to break down wood fibers to make pulp 
paper, a practice that today has left many books 
in far worse shape than incunabula. 

The 1482 Euclid has no title page. Where the title 
page might have been there is instead an intro
duction, written by the printer, Erhard Ratdolt, 
who worked in Venice, which discusses the fact that 
Venetian printers of the time produced very few 
and rather insignificant mathematics books. He ex
plains that this was due to the difficulty of pro
ducing diagrams, a difficulty which he overcame 
beautifully, as one can see in the many figures 
placed in the wide margins of the book. After Rat
dolt's introduction comes a page decorated with 
an ornate wood cut that wraps around three sides 
of the text. Here the title of the book and the name 
of the author are presented in two lines of mod
estly sized red type, called a rubrication, and with 
no further ado the book itself begins. Brashear 
also brought out a 1543 Euclid, which from the first 
glance looks very different, as it has its original 
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binding. By this time, title pages were common, and 
this one announces that the work was edited by 
Nicolo Tartaglia, and thus it is in Italian. In fact, 
this is the first translation of Euclid into a mod
ern language. Though it is a later edition, the book 
is not printed and illustrated as finely as the 1482 
Euclid. It also has wide margins, which were a com
mon feature in books from this era and which 
were used for writing comments. 

Finally, Brashear brings out the first English 
edition of the Elements, printed in 1570. The title 
page, decorated with an elaborate engraving show
ing muses for various scientific subjects, presents 
the book: 

The Elements of Geometrie of the most 
auncient Philsopher Euclide of 
Megara .. . With a very fruitful! Praeface 
made by M. I. Dee specifying the chiefe 
Mathematicall Scieces, what they are, 
and whereunto commodius: where, 
also, are disclosed certaine new Secrets 
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Mathematicall and Mechanicall, until 
these our daies, greatly missed. 

M. I. Dee is the philosopher and mystic John Dee; 
the reason for the initial I is that many typefaces 
at that time did not have the modern letters J and 
U, so I and V were often substituted. Dee's pref
ace is a strange and fascinating document that 
discusses with evangelical fervor Euclid's work 
and relates it to an enormous variety of other dis
ciplines, such as geography, hydrology, music, ar-

There are 
adding 

machines, 
cash registers 

protractors 
and 

compasses 
... unending 

variations on 
the abacus ... 

computers 
and 

calculators ... 

chitecture, astronomy, and 
astrology. Dee also discusses 
how mathematics relates to 
the Almighty and includes a 
quotation of Plato saying that 
knowledge of geometry will 
cause men to turn to God. 
Reading the closing of the 
preface, one can almost imag
ine Dee sitting at his desk, 
quill in hand, as he set about 
preparing this book for fu
ture generations: "Written at 
my poore House At Mortlake 
Anno.1570.February.9." 

The Dibner Library con
tains many more wonders of 
mathematical literature. Bra
shear opened a 1619 edition 
of Kepler's Harmonices Mundi 
to find templates for making 
paper models of 3-dimen
sional figures. Some of these 
are quite unusual; is this 
where, two centuries later, 
Wheeler got the ideas for the 
paper models now in the 
Smithsonian Mathematics 
Collection? There is a copy of 
Diophantus' Arithmetica, 
published in 1670-too late 

to have been a copy of the edition in which Pierre 
de Fermat wrote his famous marginal comment, as 
Fermat died in 1665. In fact, this edition has Fer
mat's marginal comments embedded in the text, 
a common practice at the time. There is a first edi
tion of Newton's Principia, published in 168 7, with 
a poem about Newton written by Edmund Halley, 
of Halley's comet fame. Brashear pointed out that 
Halley was instrumental in getting the Principia 
published. There is a 17 44 copy of Euler's classic 
work on the calculus of variations, with elegant 
plates of engravings depicting various curves. An 
ingenious design permits the plates to be folded 
out so that they are visible while one is reading the 
text in another part of the book. A small notation 
on the inside cover reveals that this book once sold 
for 5 pounds 20 pence. In the midst of this wealth 
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of history, Brashear is a patient, knowledgeable 
guide. 

Coming away from a visit to the Smithsonian 
Mathematics Collection and the rare mathematics 
books in the Dibner Library, one cannot help but 
be struck by their significance as well as by their 
vulnerability. It is so easy for such objects, and all 
the knowledge and history they contain, to be de
stroyed or lost. Mathematics depends more heav
ily on its past than do science and engineering, for 
in mathematics the oldest ideas continue to pro
vide new inspirations. For this reason, the mathe
matical treasures at the Smithsonian hold a spe
cial resonance. 

References 
• The article "From connections to collections" by 

Henry Petroski (American Scientist, September-Oc
tober 1998, pages 416-420) tells the life story of Bern 
Dibner and how he started his library. 

• The book Heralds of Science, As Represented by Two 
Hundred Epochal Books and Pamphlets in the Dib
ner Library, Smithsonian Institution, is a 1980 edi
tion of Dibner's reference work. Neale Watson Aca
demic Publications, Inc., ISBN 0-88202-191-5, ISBN 
0-88202-192-3 (paperback). 

About the Cover 
The photograph, courtesy of the Smith

sonian Institution (photograph no. 99-2582), 
is of an adjustable string model by Ludwig Brill 
of Darmstedt, which, in the position shown, 
shows a plane, a cone, and a cylinder. When 
twisted, it shows a hyperboloid of one sheet 
and a hyberbolic paraboloid. The string model 
was a gift of Wesleyan University to the Smith
sonian. Photograph by Ricardo Blanc. 

VOLUME 46, NUMBER 5 



Professional 
Development of 

Mathematics Teachers 

General Background 
"You can't teach what you don't know", but too 
many of our mathematics teachers may be doing 
exactly that: teaching what they don't know. This 
is one of the key findings of the landmark 1983 
education document A Nation at Risk. What was 
true back in 1983 is even more true today. Since 
the only way to achieve better mathematics edu
cation is to have better mathematics teachers, this 
intolerable situation cries out for a radical reform. 
There is no mystery to the needed reform: uni
versity mathematics departments must do a bet
ter job of teaching their students (preservice pro
fessional development), schools of education must 
start emphasizing the importance of subject mat
ter content knowledge, and state governments 
must embark on large-scale and systematic efforts 
to retrain the mathematics teachers already in the 
classrooms (inservice professional development). 
The difficulty lies in the execution. 

The awareness by organizations of mathemati
cians of the need to coordinate university mathe-

Hung-Hsi Wu is professor of mathematics at the Univer
sity of California, Berkeley. His e-mail address is 
wu@math.berkeley.edu. 
Acknowledgement: David Klein gave me valuable sug
gestions, and AI Cuoco practically rewrote parts of this 
paper. I owe them both an immense debt. 

MAY 1999 

matics departments across the land in order to up
grade the preservice professional development of 
prospective teachers began to surface only in the 
past year. The Conference Board of the Mathe
matical Sciences (CBMS) has since appointed a 
Steering Committee for the Mathematics Education 
of Teachers Project to begin work in this direction. 
As to the problem with schools of education, its 
gravity cannot, in my opinion, be overstated (cf. [1]). 
Recently, mathematics educators began to call for 
a broad base of mathematical knowledge for all 
teachers, especially those in K-6 (kindergarten 
through sixth grade). The remarkable recent vol
ume [2] of Liping Ma, for example, deals with this 
very issue. Unlike most technical writings in edu
cation, Ma's volume is easily accessible to mathe
maticians, and it also contains an ample listing of 
the relevant literature. 

This article is concerned with the third com
ponent of the proposed remedy: inservice profes
sional development. Because any improvement in 
education must start with improvement of the 
teachers already in the classroom, this topic is 
one of real urgency. In addition, some under
standing of this topic is indispensable to a sound 
decision on how to approach preservice profes
sional development. In one way or another, the lat
ter directly influences the professional lives of 
most of the readers of the Notices. 
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To the extent that the most important compoc 
nent of inservice professional development at the 
moment is to increase teachers' mathematical 
knowledge, inservice professional development is 
in one sense nothing more than the teaching of col
lege-level mathematics. But teaching teachers in the 
field only through short sessions of a few weeks' 
duration has special concerns that are not shared 
by the usual teaching of college students. This ar
ticle briefly discusses some of these special con
cerns.l The main body of the article is, however, 
devoted to the presentation of three specific ex
amples of inservice professional development in 
order to illustrate some of the pitfalls that ac
company attempts to cope with these concerns. 
Apart from some modifications, these examples are 
taken from a long report of my visits in 1997 to 
four summer institutes in California devoted ex
clusively to professional development for mathe
matics teachers [5].2 Each example is an account 
of a mathematics presentation. It begins with a de
scription of the content of the presentation and 
ends with my comments. 

Some Observations about In service 
Professional Development 
In the crudest terms, there are two kinds of in
service professional development: enrichment and 
remediation. The former is devoted to enlarging the 
mathematical knowledge of teachers who are al
ready at ease with the mathematical demands in 
the classroom. The goal is to inspire them to even 
higher levels of achievement. The purpose of the 
latter is to ensure, as much as possible, that the 
teachers achieve an adequate understanding of 
standard classroom mathematics. Attention will 
therefore be focused on bread-and-butter topics in 
school mathematics, though they will be presented 
from a slightly more advanced point of view. 

We concentrate on remedial professional de
velopment here.3 Now, inservice professional de
velopment is about improving teachers' classroom 
performance, not just about improving their knowl
edge of mathematics. Thus even for remediation, 
there should be discussions of pedagogical issues 
in addition to mathematics. However, my view is 
that the major need for most teachers who attend 
professional development programs is for more ro
bust mathematics background, so the first order 
of correction has to be about mathematics. Ac
cordingly, my observations and comments will 
focus mainly on mathematics and will touch on 
pedagogy only sparingly. Higher-order corrections 
can deal with pedagogy. 

l Article [4] discusses a few others. 

2 More discussions along the lines of this article can be 
found in [6], [7], and [8]. 

3Note that [7] and [8] are about enrichment. 
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Before going into the special features that dis
tinguish inservice professional development from 
ordinary teaching, let me point out that there is a 
unifying theme that underlies all of them, and it 
is that inservice professional development in math
ematics is essentially a race against time: how to 
do something in a mere three to four weeks in the 
summer, plus a handful of meetings in the subse
quent year, that could overcome eighteen years or 
more of teachers' nonlearning or miseducation. 
Everything that follows is in one way or another 
colored by this severe time limitation. As to the spe
cial features themselves, it must be admitted that 
there is no universal agreement on what they are. 
The following is a minimal list from my own per
spective, and it will serve as the point of reference 
for the remainder of this article. 

(A) No extended lecturing. It would not do if the 
mathematics instruction in professional develop
ment is delivered only in the unidirectional style 
from professor to students. Teachers need to be 
shown as often as feasible, by deeds rather than 
just by words, how mathematics is usually done: 
the zig-zag process to arrive at a solution by trial
and-error, the use of concrete examples to guide 
explorations, the need of counterexamples in ad
dition to theorems in order to achieve under
standing and, above all, the fact that mathemati
cal assertions are never decreed by fiat but are 
justified by logical reasoning. Teachers have to 
witness this process with their own eyes before they 
learn to do mathematics the same way and, more 
importantly, before they can teach their own stu
dents to do likewise. Otherwise they cannot be ef
fective teachers. There is no recipe for achieving 
miraculous results here, but in practice, success
ful professional development efforts use a judi
cious mixture of lecturing and the discovery 
method. 

(B) Keep the mathematics simple and relevant to 
K-12. Professional development aims at increas
ing teachers' understanding of mathematics, so it 
must teach substantive mathematics and not just 
a collection of projects which can be easily modi
fied for immediate use in a classroom. On the 
other hand, if the mathematics is too far removed 
from the teachers' classroom experience, they may 
not be motivated to learn, and very little profes
sional development will take place. Thus both the 
choice of topics and the style of mathematical ex
position should revolve around the teaching of 
K-12 mathematics. As an example, in order to 
teach the mathematical foundation of fractions to 
teachers, one might be tempted to start with the 
construction of the quotient field of an integral do
main, because this approach leads to a deeper un
derstanding of Q. A little reflection reveals that this 
would not be an optimal way to use the limited time 
available and that a more suitable approach may 
be to do fractions directly and use the time to get 
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teachers to understand why, for example, 
(a/b)/(c/d) = (ad)/(bc). Another example is fur
nished by discrete mathematics: although its sim
plicity and easy accessibility are most seductive, 
it is not yet a staple in K - 12, and its presence in 
professional development must therefore be kept 
in check. 

(C) There should be grade-level separation. For 
convenience as well as financial reasons, it is not 
uncommon to lump teachers of all grades together 
(K- 12) for instruction in professional development 
programs (see the second and third samples below). 
While such an arrangement on occasions can pro
vide a valuable experience for teachers, overall the 
loss far outweighs the gain. For the purpose of 
teaching meaningful mathematics, mathematical 
presentations in professional development pro
grams should be tailored to the needs of teachers 
of specific grade levels: say, elementary, middle, 
or high schools. 

(D) There should be year-round follow-up pro
grams to monitor the teachers' progress. Substan
tive knowledge, be it mathematical or otherwise, 
is not learned overnight. Teachers need mathe
matical reinforcement over an extended period of 
time (one day each month for a year, say). More
over, observations by an experienced person in 
the teachers' own classrooms would help them 
find out if they are successfully putting the new 
mathematical knowledge to work. 

(E) Teachers should be paid for participating in 
professional development. Teachers are generally 
not well paid. Because professional development 
typically cuts into their summer vacations and 
weekends, it often takes time away from a needed 
second income or interferes with family life. Un
less we pay them to participate,4 we will have no 
leverage to ask for their conscientious effort to 
learn. Needless to say, the success of any profes
sional development effort is judged entirely by 
how much the teachers manage to learn. 

The preceding two items, (D) and (E), are not 
strictly mathematical concerns. Because they will 
not surface again in the rest of the article, this may 
be the right place to append a few clarifying com
ments. What is at issue here is how to ensure that 
a professional development program succeeds in 
turning out better teachers. By tradition, there is 
no assessment of teachers' progress in such a pro
gramS; and even if there is, how can the failing of 
any kind of an exam be used as a deterrent to 
nonperformance in a professional development 
program? Therefore, all one can do is to offer 
generic encouragement, as in (E), and gentle guid-

4 A minimal salary scale is $100 for each day of partici
pation. 

5 It is well to note that, even with an elaborate assessment 
system for students in a normal classroom, we are still far 
from being able to determine whether learning does take 
place. 
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ance, as in (D), for lack of anything better. In ad
dition, the issue of payment for teachers has a di
rect impact on the presentation of mathematics in 
professional development. When teachers come 
to a such a program as volunteers, it is difficult to 
ask them to work hard and do homework problems; 
appealing to their pride can go only so far. Under 
the circumstances, an instructor in professional de
velopment would likely overcompensate for teach
ers' lack of practice outside the program by con
centrating on doing problems during each session. 
Without gainsaying the benefit that some teachers 
would reap from such an experience, one must rec
ognize that an overemphasis on doing problems 
is not an optimal way to use the limited time avail
able. In point of fact, I sensed such an overemphasis 
in all four sites I visited [5], and it raised the ques
tion in my mind of whether the fact that all those 
teachers were grossly underpaid6 played a role. 
Readers may wish to keep this question in mind 
when they read the three examples below. 

Finally, there is a nonacademic component to 
professional development that actually outstrips 
all others in importance: the amount of financial 
commitment by state governments to this task. 
Without rock-steady and generous financial back
ing, every phase of professional development be
comes an adventure in desperation. For example, 
imagine trying to teach high school teachers about 
proofs in geometry in only ten days. Imagine doing 
it with a group of teachers in grades 6-12 because 
there is insufficient funding to separate them into 
two groups of grades 6- 8 and 9- 12. Imagine also 
never seeing the teachers again after the ten-day 
instructional session because there is no funding 
for any follow-up. What result can one expect in 
that case? 

Our nation has to learn that its investment in 
education will come to naught if it does not also 
invest in its teachers. 

The California Scenario 
The following are three examples of mathematical 
presentations in professional development taken 
from the report [5] on my visits to four professional 
development sites within California in the summer 
of 1997. They have not been chosen for their ex
emplary execution of the basic principles (A)- (C) 
above. On the contrary, they were chosen because 
they give a fair representation of the state of pro
fessional development from one segment7 of Cal
ifornia, and through them we get to see how each 

6The most generous of the four sites paid each teacher 
about $25 a day; one site actually required its teachers 
to pay for their attendance. 

7But it is the major one: the four sites of [5} were estab
lished under the auspices of the California Mathemat
ics Project, which is the official state agency in charge 
of inservice professional development for mathematics 
teachers. 
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of (A)-(C) is (or is not) implemented in practice. It 
is to be noted that in the period 1990-98, mathe
matical professional development efforts in Cali
fornia were not known for their emphasis on math
ematical content knowledge (cf. [3] for background). 
Part I of the report [5] discusses this issue at some 
length. I have made extended comments after each 
presentation. My overriding concern in these com
ments is whether the teachers are likely to be
come better mathematically informed as a result 
of attending the presentation. It would be futile to 
pretend that my comments are anything but sub
jective. Part of the reason is that there is as yet no 
such thing as a scientifically valid assessment 
method where any kind of teaching is concerned. 
What I have tried to do is to use (A)-(C) as basic 
criteria to judge whether a presentation would 
benefit the teachers from a mathematical stand
point. By making the assumptions behind my com
ments explicit, I hope to provoke further discus
sions on professional development. 

First Sample 

Topic: Discrete mathematics 
Time Allowed: 90 minutes 
Grade Level: High school teachers 

The first twenty minutes or so were devoted to 
the computation of areas of triangles on a 
geoboard.8 The emphasis was on either decom
posing a given triangle into a disjoint union of 
right triangles with only vertical or horizontal legs 
(whose areas can therefore be immediately read off) 
or finding ways to represent it as the complement 
of the aforementioned kind of right triangles in a 
rectangle. Because there were only about ten teach
ers in this session, the presenter could pay special 
attention to each teacher in turn, and the conver
sation among the teachers was freely flowing. It was 
clear from the remarks overheard as well as from 
the questions raised that more than a few were not 
sure about the area formula of a triangle, and most 
of them seemed to find it challenging to compute 
the area of a triangle with vertices (say) at the lat
tice points (3, 0), (0, 2), and (4, 1). 

These considerations then led smoothly into 
the second topic: Pick's theorem. Let P be a poly
gon with vertices on the lattice points (i.e., those 
(x, y) where both x and yare integers) of the co
ordinate plane. Let B be the number of lattice 
points on the boundary of P, and let I be the num
ber of lattice points in the interior of P. Then 
Pick's theorem asserts that the area of P can be 
computed by the formula: I+ iB- 1. However, 
the teachers were not shown this formula but were 
asked, for the case that Pis a triangle, whether they 

8 A board with pegs which are placed evenly in both the 
vertical and horizontal directions. Rubber bands are then 
hooked onto pegs to make shapes. 

NOTICES OF THE AMS 

could guess a relationship among I, B, and the area 
of P. After a short period of trial and error, a few 
could guess the formula correctly, though without 
being able to articulate the underlying reason. The 
presenter then pointed out a systematic way based 
on inductive reasoning to approach this question 
that would eventually lead to the correct formula 
in general. There were murmurs of appreciation. 
A short write-up of a guided proof of the theorem 
was then handed out. Finally, the teachers were 
asked to guess a formula for the number of seg
ments with distinct lengths in an n x n square, 
where the vertices of the square and the endpoints 
of the segments are all lattice points. It is natural 
to guess that this number is i(n2 + n). For n 5 4, 
this is correct. However, when n = 5, it is strictly 
less than ~(5 2 + 5), because duplication of the 
lengths of such segments occurs due to the ap
pearance of Pythagorean triples in this range. For 
instance, the lengths of the segment joining (0, 0) 
to (0, 5) and of that joining (0, 0) to (3, 4) are both 
5. Of course, it then follows that the conjectured 
formula fails for all n ~ 5. Nobody got this part. 
This is a good lesson in not jumping to conclusions 
on the basis of limited experimentation, and it 
also shows why proofs are important. The general 
formula is in fact unknown, but there is apparently 
an asymptotic estimate of its order of magnitude, 
connected to the number of representations of n 
as the sum of two squares, as n - oo. 

COMMENTS: The fact that the geoboard was 
needed to help these high school teachers with area 
computations was a bit surprising, because the for
mula for computing the area of a triangle, as well 
as its simple proof, should be second nature to 
them. After all, the area formula of a triangle T can 
be explained very simply in the following way. Fix 
one side of T as base; then by ref1ecting T across 
another side, one obtains a parallelogram P whose 
area is twice that of T. Note that P has the same 
base and height as T. The area of P, on the other 
hand, is the same as that of the rectangle R with 
the same base and same height as T: by looking at 
a picture of P and R, one sees easily that R is ob
tained from P by subtracting a triangle from one 
side and adding another one congruent to it on the 
other side. So the area ofT is half that of R, and 
the latter is equal to the product of the base and 
the height ofT. However, if we accept the fact that 
this simple argument was either not known or not 
understood by these teachers, then the inevitable 
conclusion is that they would have benefited more 
from learning basic materials than something like 
Pick's theorem or the counting of segment lengths 
in a square. The latter two items are hardly foun
dational K -12 material, and they do not lead to any 
new understanding of the fundamental issues of 
area. There is also the danger that teachers with a 
limited exposure to mathematics might have been 

VOLUME 46, NUMBER 5 



misled into thinking that either result is central in 
mathematics. 

Nevertheless, these criticisms do not contradict 
the impression that this presentation is in many 
ways a good demonstration of how to reach out to 
the teachers and enhance their understanding of 
mathematics in the process. In a span of 90 min
utes, they were exposed to mathematics that is at 
once simple and nontrivial, as well as shown both 
the virtues and limitations of experimentation. The 
judicious use of a handout to bring closure to the 
proof of Pick's theorem also shows an effective way 
of circumventing the time limitation. 

Second Sample 

Topic: Connections 
Times Allowed: Two and a half hours 
Grade Level: K - 12 teachers 

The presenter announced the theme of the pre
sentation: connections. He asked the teachers to 
share their thoughts of what this could mean. Peo
ple volunteered their reactions: connections to 
real-world applications; connections between math
ematical ideas, between topics, between grade lev
els, between activities and ideas, etc. 

The Konigsberg bridges problem was posed and 
the teachers, divided into groups, were asked to 
try their hand at a solution. The presenter went 
around the room nudging people on; the point at 
which one should focus attention on what happens 
at each region did not come easily. At some point, 
the presenter decided-perhaps on the basis of his 
observations?-that it was time to bring closure to 
this investigation. He wrote clearly on the overhead 
projector: The problem could not be solved because 
"(i) each region had an odd number of bridges; and 
(ii) you need an even number of bridges connected 
to each region, because if you start from a region, 
you must go out-in, out-in, ... , or if you don't start 
there, you must go in-out, in-out, .. . etc." There 
was, however, no mention of the fact that if there 
is an even number of bridges connected to each 
region, then the bridges problem would have a so
lution. 

Thus far, 40 minutes had passed: 30 on the dis
covery process and 10 on the summary and write
up. 

Next, a completely different topic was brought 
up: abstract graphs. Eulerian circuit in a graph was 
introduced, and teachers were asked to test the ex
istence or nonexistence of such a circuit in some 
simple graphs that were handed out. Another pe
riod of discovery by the teachers followed, and this 
time most of the teachers seemed to have an in
tuitive grasp of the solution fairly quickly. Again, 
the presenter summarized: "The graphs for which 
there is an even number of paths connected to each 
vertex have an Eulerian circuit. If one vertex has 
an odd number of paths, there is no Eulerian cir-

MAY 1999 

cuit." Again, no mention was made of the fact that 
if every vertex has an even number of paths con
nected to it, then there would be an Eulerian cir
cuit. This part took 2 5 minutes. 

Now the connection was pointed out between the 
bridges problem and the abstract graphs: "region" 
and "bridge" of the former correspond to "vertex" 
and "edge" of the latter respectively. This discus
sion took 10 minutes. 

The last problem to be taken up was this: What 
is the circuit of minimum length that goes through 
every street of the following street map at least 
once (all street blocks are assumed to be of equal 
length)? 

A B c 
M 

Kl----+--+--+-- D 

1 E 

H G F 
N 

Call this the mailperson problem, for obvious 
reasons. Again, the teachers were given ample time 
to work on the problem while the presenter walked 
around the room giving hints and encouragement. 
Clearly some streets would have to be traversed 
more than once because there are ten vertices with 
odd degrees, but the insight needed for the solu
tion is not so trivial this time around. I could de
tect no evidence from observing my neighbors 
that any of them had a full understanding of what 
it takes to solve the problem. The generous hints 
given by the presenter did seem to lead many 
teachers to the correct conclusion that they had 
to add paths in order to set up an Eulerian circuit 
of minimum length. This observation was born 
out when, at the end, four teachers were invited 
to the front of the room and each offered the so
lution obtained by his or her group. It came out of 
the explanations, though without emphasis, that 
the way to do this was to add paths to each ver
tex of odd degree (A, B, C, D, E, F, G, H, ], and K) 
to make their degrees even and try to keep the total 
number of added paths to a minimum. By coinci
dence, although the four solutions differed in 
minor details, they all ended up adding only 7 ad
ditional paths, e.g., AB, CM, MD, EN, NF, HG, JK. It 
was somehow agreed without any comments or dis
cussion that this was the solution to the mailper
son problem. But beyond describing the added 
paths, none of the four teachers took the trouble 
to explain why the paths would lead to a circuit, 
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much less the fact that it would be a circuit of min
imum length. The presenter did not address these 
gaps in the mathematical reasoning in his summary 
either, but did point out that this way of adding 
paths to solve the problem represented algebraic 
thinking. The preceding took 45 minutes. 

In conclusion, the presenter went back to the 
theme of the presentation: connections. The last 
problem is a different problem from the bridges 
problem, yet via algebraic thinking, we saw the con
nection between the two. 

As soon as the session was over, a teacher 
leader9 in my group asked me why, by adding 
those paths, the street graph would acquire an 
Eulerian circuit. I decided that I would first gain 
her confidence by explicitly drawing an Eulerian 
circuit on the augmented street graph and then ex
plain to her the reason for my success. But as I 
started to draw the Eulerian circuit and tried to con
vince her that the drawing was so easy as to be 
computer programmable, I found that communi
cation was difficult because there was too much 
background to cover. 

[The actual time devoted to mathematics was 
thus two hours, according to my record. The re
maining thirty minutes were accounted for by the 
usual reasons: the presentation started a bit late; 
time was used in the initial warm-up, in passing 
out instructional materials, in regrouping the 
teachers between topics, and in the final summa
tion, etc.] 

COMMENTS: This presentation has obvious 
strengths. The choice of three different problems 
to illustrate nontrivial mathematical connections 
was good. An even more significant strength was 
the way the presenter made use of the discovery 
method to get everyone actively involved and yet 
never failed to clearly summarize after each episode 
what he wanted each teacher to learn from it. In 
my opinion, the discovery method imposes on the 
instructor the obligation to bring mathematical 
closure after each investigation. 

On the mathematical side, the built-in liabilities 
of addressing a mixed audience of K-12 teachers 
cannot be ignored. At the most basic level, the pre
ceding account makes clear the enormous amount 
of time given to waiting for all teachers to do their 
own explorations, e.g., 40 minutes for the Konigs
berg bridges problem. Moreover, it may be as
sumed that the preoccupation with making the 
presentation accessible to everyone distracted the 
presenter from his full engagement with the math
ematics at hand, which resulted in serious gaps in 
the mathematical exposition. Thus, while he ex
plained carefully why the condition of each vertex 
having even degree was necessary for the exis
tence of an Eulerian circuit, its sufficiency was 
never mentioned, much less proved. (Could this be 

9 A past participant of the summer institute chosen to 
help with the running of the institute. 
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because he knew that the difference between ne
cessity and sufficiency is not likely to be well un
derstood by K -6 teachers?) Some may argue that 
in a presentation to such a mixed audience, getting 
across the mathematical idea that there is a rela
tionship between the degree of a vertex and the ex
istence of an Eulerian circuit is the important thing 
and the details do not matter. However, the incident 
with the teacher leader after the end of the session 
clearly shows that details do matter. She might 
have understood the solution to the mailperson 
problem much better had the sufficiency been prop
erly emphasized earlier. 

In the case of the mailperson problem, the fact 
that the minimalily of the length of the asserted cir
cuits was never proved is another instance of the 
failure to provide mathematical closure. It was 
likely that many of the teachers had a vague and 
intuitive understanding of why adding strategically 
placed paths would lead to an Eulerian circuit of 
minimum length. But is it not an important part of 
professional development to help teachers articu
late such intuitive feelings in precise and clear 
mathematical terms? In this case, the articulation 
never took place. Even more significant was the 
failure to carefully bring out the reasoning under
lying the solution of the problem, i.e., the idea that 
each time a street block is retraced we can keep a 
record of the retracing by adding a new path to that 
block. This idea changes the seemingly difficult 
search for a circuit of minimal length to a simple 
algebraic problem of how to add the smallest num
ber of paths to make the degree of each vertex 
even. This is exactly the kind ofhigher-order think
ing skill that the teachers would do well to acquire. 

The preceding comments should not be inter
preted to mean that every mathematical presen
tation must have no gaps and every detail must be 
accounted for. There are times when a presenter 
is impelled, for pedagogical considerations, to tell 
the truth but not the whole truth. Nevertheless, 
when this happens, all the gaps should be clearly 
identified so that those teachers who are sufficiently 
prepared know exactly where they stand-mathe
matically. 

Finally, one must ask once again whether teach
ing a group of K -12 teachers some standard top
ics in discrete mathematics is an optimal way to do 
professional development. As usual, it depends on 
how much is taught and to whom. In the present 
context, my judgment on the basis of personal con
tact and observations is that the teachers in this par
ticular group were more in need of remediation than 
enrichment (on this point, see [5}). If this judgment 
is correct, then making them aware of some topics 
in graph theory- while not without merit- would 
not be nearly as beneficial to them as putting them 
at ease about symbolic computations or showing 
them why basic algebra (e.g., fractions and poly
nomials) is good mathematics and not just a col-
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lection of formulas to be memorized. Indeed, most 
of the teachers there had little symbolic manipula
tive skill, and many had an inadequate under
standing of algebra. It is far from clear how a per
son with such fundamental deficiencies could make 
himself or herself into a more effective teacher just 
by learning a few pleasant facts in graph theory. 

Third Sample 

Topic: Technology 
Time Allowed: Two hours 
Grade Level: K - 12 teachers 

This presentation was the fifth in a series of 
eight on technology. The goal of this series was to 
introduce the teachers to the effective use of com
puters in mathematics classrooms. Throughout 
the presentation, each teacher was seated in front 
of a computer and was too preoccupied with try
ing out new computer commands to engage in the 
discovery method. Consequently, the presentation 
was essentially one from the presenter to the teach
ers. 

The topic of discussion was prime numbers. 
The lead question was, Is 899 a prime? It was ob
served that to test the primality of n, one needs 
to use only primes :::; Jii; no explanation of this 
observation was offered at this time, however, and 
the presenter was to return to it in a special case 
later. The first goal was to obtain a list of all the 
small prime numbers, and the sieve of Eratos
thenes was mentioned. Some people indicated that 
they had heard of the sieve, but no discussion of 
what it does was given. (Earlier, there was a ques
tion about the definition of a prime.) The presen
ter suggested that the spreadsheet Claris on the 
computers in front of the teachers would be use
ful for this purpose. The teachers were then taught 
a command which would make the computer list 
all the integers divisible by 3 up to 100, and those 
divisible by 5, etc. These lists would then be used 
to strike out the composite integers from the list 
of all integers, leaving behind the primes. There fol
lowed a discussion of how to check directly whether 
a small integer is a prime. For example, to check 
whether 7, 11, or 30 is a prime, one needs only 
check with primes up to 3, 5, and J30, respec
tively. Finally, the primality of 899 was checked: 
using only primes up to .J899 < 30, it was found 
that 899 = 29 · 31. 

Up to this point, the mathematics behind these 
activities was never discussed. 

Instruction was given concerning the commands 
that would force the computer to list all the primes 
up to 100; this took a while. Heuristic arguments 
were given as to why the four primes 2, 3, 5, and 
7 are sufficient to test the primality of all integers 
up to 100, but no proof was given. A command was 
then introduced to display all the primes up to 300 
on the computer screen. Apparently, some schools 
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do have Claris in the school computers, so many 
teachers became aware of the possibility of mak
ing use of the computer in mathematics lessons. 

The presenter brought to the teachers' attention 
the fact that 29 and 31 are consecutive odd inte
gers that are primes. The term twin primes was in
troduced. The teachers were asked to explore for 
themselves the possibility that the number of twin 
primes is infinite. As background, the well-known 
theorem on the infinity of primes was recalled, and 
a proof was sketched. Then the question was raised 
about the existence of "triplet primes". The answer 
is no because "one of every triple of consecutive 
odd integers is divisible by 3 ".No explanation was 
given. Finally the use of primes in cryptography was 
briefly mentioned, as was the definition of 
Mersenne primes. 

COMMENTS: By acquainting the teachers with 
Claris, the presentation added a new weapon to their 
pedagogical arsenal: at least in one instance, the 
computer is at their service. This is the positive as
pect of the presentation. Is there perhaps room for 
improvement? 

There is already a ferocious debate on record as 
to how much technology should be used in mathe
matics education, and how soon. I believe students 
should be taught the proper use of technology, and 
technology is an integral part of mathematics ed
ucation, at least starting with the fifth or sixth 
grade. In this particular instance, however, !would 
venture the opinion that Claris had not been used 
properly. There is a tactile component in the learn
ing of mathematics that cannot be replaced by 
technology or any other shortcut. By using Claris 
to churn out the list of primes up to 1 00-all mul
tiples of a prime being deleted by the typing of a 
computer command- it is quite possible that the un
derstanding of the sieve would stay at the stage of 
button-pushing. It would have been more educa
tional to the teachers if they had used the computer 
to display all the odd numbers from 1 to 200 but 
proceeded to eliminate all the composite numbers 
among them by hand. This tactile experience with 
prime numbers would have had a better chance of 
making them understand what the sieve is about. 

The benefit of technology should not be just to 
save labor. It can enhance mathematics education 
if it is put to creative uses such as instant and easy 
experimentations with new ideas or providing test 
cases for conjectures. But a prerequisite for using 
technology this way is an adequate understanding 
of the relevant mathematics, and this is why one 
must always include the pertinent mathematics in 
any technological presentation. For this reason, I 
found the absence of any mathematical discussion 
something of a surprise. In particular, three asser
tions were made imprecisely and without justifica
tion in the course of the presentation: (i) If n is 
composite, then there must be a factor k of n so 
that k :::; Jii, (ii) the number of primes is infinite, 
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and (iii) at least one of three consecutive odd inte
gers is divisible by 3. Did the mixed audience of K -12 
teachers make such mathematical explanations im
practical? After the presentation was over, I engaged 
the eighth-grade teacher sitting next to me in con
versation and offered to show her the proofs of 
(i)-(iii). To my delight, she accepted. I went through 
all three proofs slowly, pausing at each step to 
make sure she was with me. Then, since the infin
ity of primes had been mentioned, I thought of 
widening her horizon further by telling her about 
Dirichlet's theorem on the infinity of primes in 
arithmetic progressions. She was fascinated. The 
whole discussion took less than ten minutes. If such 
explanations were given to the whole class instead 
of in a one-on-one setting, it might have taken 
twenty minutes. In the context of a two-hour pre
sentation (as this one was), such a mathematical dis
cussion would be eminently feasible. 

However, above and beyond this concern with 
lumping all K -12 teachers together for professional 
development, I have one suggestion: items (i) and 
(ii) listed above are so basic that this would be the 
right opportunity to make every teacher (including 
K -6 teachers) understand the explanation. The en
counter with the eighth-grade teacher after theses
sion was over suggests that teachers' interest in 
mathematics should not be underestimated. 
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Michio Suzuki 
(1926-1998) 

MichaelAschbacher, Helmut Bender, Walter Feit, 
and Ronald Solomon 

Editor's Note. Michio Suzuki, an early leader in the effort to classify finite simple groups, died May 31, 1998, in Tokyo 
at the age of seventy-one. Born October 2, 1926, in Japan, he obtained his Ph.D. from the University of Tokyo in 1952, 
with Shoukichi Iyanaga as official advisor. Suzuki's teachers included also Yasuo Akizuki and Kenkichi Iwasawa. Suzuki 
assumed a faculty position at the University of Illinois, Urbana-Champaign, beginning the next year. In 1956- 57 he 
took a leave of absence to work at Harvard University as research associate with Richard Brauer, with support from 
the National Science Foundation. He was a professor in the Center for Advanced Study at the University of Illinois 
from 1968 until his death. 

Suzuki held a postdoctoral fellowship in 1952- 53 and a Guggenheim Fellowship in 1962- 63, received the Acad
emy Prize from the Japan Academy in 1974 for his work in group theory, and was awarded an honorary doctoral 
degree from the University of Kiel, Germany, in 1991. He had visiting appointments at the University of Chicago 
(1960- 61); the Institute for Advanced Study in Princeton (1962- 63, 1968- 69, and spring 1981); the University of Tokyo 
(spring 1971); the Universities of Hokkaido, Osaka, and Tokyo (1981 and 1985); and the University of Padua, 
Italy (1994). 

Walter Feit 

Michio Suzuki was one of the group of brilliant 
young Japanese mathematicians who entered col
lege after World War II. He received his Ph.D. in 
1952 from the University of Tokyo in absentia. 
Prior to that he came to the University of Illinois 
in 1952 as a research fellow. He joined the faculty 
of the University in 1953, a position he held until 
his sudden death. 

His thesis was in the theory of finite groups, and 
this subject was to occupy him for his whole ca
reer. His early work included a study of the lattice 
of all subgroups L(G) of a group G. He proved that 
if G is a noncyclic simple finite group and H is a 
finite group with L(G x G) = L(H x H), then G is 
isomorphic to H. At the time it was not known 
whether L(G) determines G up to isomorphism. 
However, by using the classification of the finite 
simple groups, it is possible to prove the more nat
ural result that if G and Hare noncyclic finite sim
ple groups with L(G) = L(H), then G is isomorphic 
to H. (Consideration of a cyclic group G of prime 

Walter Fe it is professor of mathematics at Yale University. 
His e-mail address is fei t@math. yal e. edu . 
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order indicates why L(G x G) should always be 
much richer than I( G).) 

During the summer of 1952 he came to Ann 
Arbor, attracted by the presence of Richard Brauer, 
who was on the faculty there. Brauer was one of 
the very few senior mathematicians in the USA 
who worked on questions concerning the structure 
of finite simple groups. He and Brauer ran a sem
inar that summer, which John Walter and I and oth
ers attended. I met him in that seminar while I was 
a graduate student at the University of Michigan. 

The theory of finite groups became a subject of 
intensive research during the next few years. One 
reason was John Thompson's thesis, which intro
duced new methods and ideas to the subject; an
other was the progress in character theory sparked 
by Brauer and Suzuki. 

It is necessary here to make some definitions. 
By way of background, an important theorem due 
to Frobenius says that if His a finite transitive per
mutation group such that the subgroup fixing a let
ter is nontrivial and no nonidentity element fixes 
two or more letters, then H contains a proper non
trivial normal subgroup M such that every non
identity element x in M has centralizer CH(x) con
tained in M. All known proofs of this theorem use 
character theory. We use this theorem to make a 
definition: A finite group H is a Frobenius group 
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with Frobenius kernel M if 
M is a proper nontrivial 
normal subgroup of H and 
if every nonidentity element 
x in M has centralizer 
CH(x) contained in M. 

A subset S of a group G 
is a trivial intersection set in 
G (briefly, a T.I. set in G) if 
x- 1sx n S £:; {1} for every 
x in G with x- 1sx =f s. 

Suppose that G contains 
a subgroup H that is a 
Frobenius group with an 
abelian Frobenius kernel M. 
Assume that H is the nor
malizer of M and M is a T.I. 

Michio Suzuki, December 1994, set in G. Let IMI = m, and 
Manila, Phillipines. IHI =me. Then e 1 (m- 1) 

and H has exactly 
(m - 1) I e irreducible characters that do not con
tain M in their kernel. Furthermore, they all have 
degree e. 

Brauer used his characterization of characters 
to observe the following. 

Let X1 be an irreducible character of G, and let 
(1 and (2 be irreducible characters of H which do 
not have Min their kernel such that (1 and X1 
agree on M - { 1} . Let X2 be derived from X1 by 
replacing (1 by (2 on the conjugates of M- {1}. 
Then X2 is an irreducible character of G. 

He told me that he wrote to Suzuki about this 
and immediately received by return mail Suzuki's 
alternative proof. (Presumably Suzuki had inde
pendently been thinking along these lines.) 

In the above notation suppose that e =f m - 1. 
Then there are at least two faithful irreducible 
characters (1. ( 2 of H that do not have Min their 
kernel. It is easily seen that 

This argument can be used to prove the following 
result due to Brauer and Suzuki. 

Theorem. Let H, M, m, e be as above. Assume that 

(i) M is a T.I. set. 

(ii) m - 1 =f e. 

(iii) M is abelian. 

Let { (i} be the set of irreducible characters of H 
that do not have Min their kernel. Then there exist 
a sign c. = ± 1 and a set {Xi} of irreducible char
acters of G such that 

for all i ,j. 

The characters Xi constructed in the theorem 
are called exceptional characters. In effect, the the-
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orem defines a one-to-one correspondence be
tween the set of irreducible characters of H that 
do not have M in their kernel and a set of irre
ducible characters of G, the exceptional characters 
of G. The construction of the exceptional charac
ters makes it possible to derive information con
cerning their values on certain elements of G. In 
this way it is possible to construct a fragment of 
the character table of G. In some circumstances 
this fragment of the character table is enough to 
yield significant information about the group G. 

This formulation has one fundamental advan
tage over Brauer's original observation, in that it 
is not necessary to begin with an irreducible char
acter of G. Rather, it implies the existence of ir
reducible characters of G with certain properties. 
That is precisely the essence of this approach. 

In 1957 Suzuki [Su3] showed that a group of odd 
order in which the centralizer of every nonidentity 
element is abelian is solvable. If it is assumed that 
G is a counterexample of minimum order, then it 
is not difficult to show that G is simple and every 
maximal subgroup of G is a Frobenius group H 
and the hypotheses of the theorem are satisfied 
for H. Hypothesis (ii) follows from the fact that I G I 
is odd. Thus the theorem shows the existence of 
exceptional characters corresponding to H. Suzuki 
showed that every irreducible nonprincipal char
acter of G is exceptional for some maximal sub
group of G. He was then able to reach a contra
diction to the assumed existence of G by using 
various properties of exceptional characters. 

This paper is a gem! At the time its importance 
was not fully grasped, either by him or by others, 
as it seemed to be simply an elegant exercise in 
character theory. However, the result and the meth
ods used had a profound impact on much suc
ceeding work, and in particular it is an essential 
ingredient of the work by John Thompson and me 
on groups of odd order. In fact it was the first sig
nificant result on groups of odd order since Burn
side's work. Much of his later work had a more im
mediate impact and so overshadowed this paper, 
which is perhaps even today still not fully appre
ciated. 

By Thompson's thesis M is always nilpotent if 
H is a Frobenius group as above. Soon thereafter 
Marshall Hall, John Thompson, and I were able to 
show that if G is a group of odd order in which 
the centralizer of every nonidentity element is 
nilpotent, then G is solvable. The proof consisted 
of two parts: The first part was an application of 
Thompson's methods to reduce the problem to the 
case that every proper maximal subgroup of G is 
a Frobenius group whose kernel is a T.I. set in G. 
Unlike the abelian case, this was not easy to prove. 
The second part is a modification of Suzuki's ar
gument. This case is an essential ingredient in the 
proof that groups of odd order are solvable. 
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Before this I was attempting to generalize the 
construction of exceptional characters by dropping 
assumption (iii) of the theorem above. I had suc
ceeded in doing this in case M is nilpotent unless 
M is a p-group and H satisfies certain stringent 
conditions. 

This work of mine was partially motivated by 
the following question. Let G be a doubly transi
tive permutation group on a set n. Suppose that 
no element of G - { 1} fixes three or more letters. 
What can be said about G? It is clear that either 
G is a doubly transitive Frobenius group or that 
the subgroup Ga leaving a fixed is a Frobenius 
group for a in n. It suffices to consider the case 
that G is simple. Thus H = Ga is a Frobenius group. 
Let M be the Frobenius kernel of H. Let IMI = m 
and let IHI = me. If e 2:: i(m - 1), then a theorem 
of Zassenhaus implies that G ""PSL2(q) and 
IMI = q for some prime power q. If e < i(m - 1), 
then hypotheses (i) and (ii) of the theorem above 
are satisfied. I showed that if one could general
ize the concept of exceptional characters to this 
situation, then e 2:: i(m- 1) and so Zassenhaus's 
theorem applied. Thus by using Thompson's result 
that M is nilpotent, it followed that m is a prime 
power. Groups satisfying these conditions were 
later called Zassenhaus groups, as Zassenhaus, 
and later Suzuki, in unpublished work had inde
pendently classified these groups in case M is 
abelian. 

The case that M is a 2 -group was studied by 
Suzuki. In a major piece of work he succeeded in 
constructing a new class of simple groups that 
are Zassenhaus groups. These are now known as 
Suzuki groups. 

They were the first (and are now known to be 
the only) finite simple groups whose order is not 
divisible by 3. Their discovery, and especially the 
latter fact about their order, was a great surprise 
to everyone. 

For further progress it was necessary to weaken 
the hypotheses of the above theorem consider
ably. An early example of this occurred in part of 
the proof by Brauer and Suzuki of the following 
result [BS]. 

Theorem. If the finite group G has a Sylow 2 -group 
that is a generalized quaternion group, then G 1 K 
has a center of order 2, where K is the maximal 
normal subgroup of G of odd order. In particular, 
G is not simple. 

In case the Sylow 2-group has order 8, modu
lar representation theory was used. Exceptional 
characters were adequate to settle the remaining 
cases. 

This result is unlike any that had been proved 
previously, as the usual way of showing that a 
group is not simple was either to show that it was 
not equal to its commutator group or was a Fro be-
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nius group or to reach a contradiction from the as
sumptions. 

During this period I learned a lot from Suzuki, 
both personally and also through his papers. I 
consider him to be one of my teachers. 

In 1960- 61 A. A. Albert arranged the group the
ory year at the University of Chicago. During that 
year at Chicago, Suzuki proved a deep result that 
gives a characterization of his groups. This is of 
great importance in the classification of the finite 
simple groups, since, aside from the actual result, 
the method is a model for the characterization of 
the Ree groups achieved much later by Thompson 
and Bombieri. 

Over the years he made many other significant 
contributions to the classification of the finite sim
ple groups. Some of these will be discussed in the 
remaining segments of this article, but I must at 
least mention that he discovered a new sporadic 
group that bears his name. 

Many of us who attended the group theory year 
at Chicago lived in the same apartment house and 
so got to know each other better. In later years Mi
chio and I frequently met at group theory confer
ences and occasionally visited each other's Uni
versity. 

When I heard about his illness, I was shocked. 
It was so totally unexpected. Almost a year ago 
there was a meeting in Tokyo to celebrate his sev
entieth birthday. It was a happy event, and I am 
very glad that I was able to attend. It was the last 
time I saw him. No one then could foresee that this 
sad occasion would follow so soon. 

He will be missed by his family, his friends, and 
the mathematical community. However, his name 
will forever be remembered in mathematics for his 
pioneering work, especially for the groups named 
after him. 

Michael Aschbacher 

I first met Michio Suzuki in September of 1969, 
when I began my tenure as a postdoc at the Uni
versity of Illinois under Suzuki's sponsorship. Dur
ing that year I became interested in finite groups 
"disconnected" at some prime. The study of such 
groups constitutes one of the most important 
chapters in the theory of finite groups. Moreover, 
it was Suzuki who initiated work on this subject, 
and, as we will see, Suzuki, his students, and his 
postdocs played the leading role in this work. 

Let G be a finite group and p a prime. The com
muting graph fp for G is the graph whose vertices 
are the subgroups of G of order p and whose 
edges are pairs of commuting subgroups. Define 

Michael Aschbacher is professor of mathematics at Cali
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G to be connected at p if fp is connected. It is an 
elementary exercise to see that there are the fol
lowing equivalent formulations of this condition: 

Lemma. Let G be a finite group, p a prime divi
sor of the order of G, il a connected component 
of fp, and H = Nc(il). Then the following are equiv
alent: 

(i) fp is disconnected. 

(ii) H is proper of order divisible by p, and 
IH n gHg-1 1 is prime top for all g E G- H. 

(iii) Each nontrivial p-element of H fixes a unique 
point of the coset space G I H. 

We say that His a strongly p-embedded sub
group of G if the condition in (ii) holds. 

The theorem determining the groups discon
nected at the prime 2 was one of the major steps 
in the classification of the finite simple groups. This 
theorem was proved by Helmut Bender, whore
duced the problem to an earlier theorem of Suzuki. 
Groups disconnected at odd primes are known 
only as a corollary to the classification of the fi
nite simple groups, although treating a very spe
cial case of disconnected groups at odd primes was 
one of the hard steps in the classification. The 
concept of disconnectedness is of interest in con
texts other than the classification. It arises, for 
example, in modular representation theory and in 
the study of subgroup complexes of finite groups. 

In the early 1960s Suzuki proved: 

Theorem (Suzuki, [Su4]). Let G be a transitive 
group of permutations on a set X of odd order for 
which the stabilizer H of x E X contains a normal 
subgroup Q regular on X- {x} with HI Q of odd 
order. Then either 

(i) G is solvable and known, or 

(ii) G is an extension of a rank 1 group L of Lie 
type and even characteristic and the permutation 
action is on the Borel subgroups of L. 

The "rank 1 groups" of Lie type and "even char
acteristic" are Lz(q), Sz(q), and U3(q), q even. The 
groups S z(q) are the "Suzuki groups" and were dis
covered and constructed by Suzuki in the process 
of proving this theorem. Only later was it discov
ered that the Suzuki groups are of Lie type. 

In the late 1960s Bender extended Suzuki's re
sult to a classification of groups disconnected at 
the prime 2 by showing: 

Theorem (Bender, [B]). Let G be a group with a 
strongly embedded subgroup H. Then either 

(i) G has cyclic or quaternion Sylow 2-subgroups, 
or 

(ii) the representation of G on the cosets of H sat
isfies the hypotheses of Suzuki's theorem. 
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In particular, G is a simple group with a strongly 
2-embedded subgroup if and only if G is a rank 1 
group of Lie type and even characteristic. It is 
worth noting that Brauer and Suzuki [BS] showed 
that a group with quaternion Sylow 2-groups is not 
simple. 

In 1969, shortly after Bender proved his theo
rem, I received my Ph.D. with a thesis in combi
natorics. But already in my last year as a graduate 
student I had become more interested in permu
tation groups than in combinatorics. That year I 
also took a course from Steven Bauman (a former 
student of Suzuki's) based on galleys of Goren
stein's book on finite groups that was published 
later in the year. This got me interested in finite 
simple groups. Thus it was logical that one of the 
places to which I would apply for my first job was 
the University of Illinois, since both Michio Suzuki 
and John Walter were then on the Illinois faculty. 
I spent the year 1969-70 as a postdoc at Illinois. 
At that time Suzuki was in the process of writing 
his excellent two-volume text on finite groups, 
and I can recall sitting in on a class where he lec
tured from a draft of that book. 

It was in the Suzuki-Walter seminar that I first 
was introduced to disconnected groups. It was 
also at this seminar that I heard Ernie Shult (an
other of Suzuki's former students) discuss the 
new fusion theorem he had just proved. Given 
subgroups V c:; H c:; G, define V to be strongly 
closed in H with respect to G if vG n H c:; V for all 
VEV. 

Theorem (Shult's Fusion Theorem, [Sh]). Let G be 
a finite group, and let V be an abelian subgroup 
of G such that V = (tG n Cc(t)) for some involu
tion t and Vis strongly closed in H = Nc(V) with 
respect to G. Then G = Lo · · · Lm, where 
[Li,Lj] = 1 for i ~ j, LoiO(Lo) is an elementary 
abelian 2-group, and fori> 0, Li/O(Li) is Lz(2n), 
Sz(2n), U3(2n), or a covering of Sz(8). 

At first glance this may not look like a con
nectedness result, but the hypotheses are equiva
lent to: 

G is a finite group, His a subgroup of 
G, t is an involution in H fixing a 
unique point of the coset space G I H, 
and V = ( tH) is abelian and strongly 
closed in H with respect to G. 

Thus the commuting graph on tG (rather than the 
set of all involutions of G) is disconnected, and a 
connected component of the graph is complete. If 
tH is of odd order, one can omit the condition 
that V is strongly closed in H with respect to G. 

Shult's Fusion Theorem was an important tool 
in the classification, but even more, it inspired at 
least three other important tools. First, in [G] David 
Goldschmidt classified all groups with a strongly 
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closed abelian 2-subgroup. Thus he weakened 
Shult's hypotheses, but he also appealed to Shult's 
result in his proof. Goldschmidt's theorem is not 
strictly speaking a connectedness result. 

Shult never published his Fusion Theorem, but 
one section of his proof is reproduced with slight 
variations in the next paper. To simplify the state
ment of the theorem, I assume G is simple, but this 
is not really necessary if one slightly extends the 
class of examples. 

Theorem (Aschbacher [A1], [A2]). Let G be a finite 
simple group, H a proper subgroup of G, and 
z E H an involution in the center of a Sylow 2 -sub
group of G. Assume 

(i) z fixes a unique point of the coset space G I H, 
and 

(ii) if z =J t E zG n Cc(z), then Cc(tz) is contained 
in H. 

Then H is strongly embedded in G, so that 
G ~ L2(2n), Sz(2n), or U3(2n). 

Reading Shult's paper and Bender's paper on 
groups with a strongly embedded subgroup helped 
me to prove the result above, and that theorem is 
used in turn to prove the final connectedness re
sult I will mention. Define r:? to be the commut
ing graph on elementary abelian 2-subgroups of G 
of rank at least 2 and ri·o the subgraph of non
isolated vertices in r:?. 
Theorem (Aschbacher [A1]). Let G be a finite sim
ple group of 2-rank at least 3 such that ri·o is dis
connected. Then G is L2(2n), Sz(2n), U3(2n), or fl. 

This last result is used in conjunction with sig
nalizer functor theory to control the groups 
O(Cc(t)), tan involution in G. The problem of de
termining all such groups (phrased somewhat dif
ferently) was posed by Gorenstein and Walter. I first 
learned of this problem in the Suzuki-Walter sem
inar and treated a very special case of the prob
lem during my year at Illinois. 

Since space in this tribute is limited, I have cho
sen to concentrate on Suzuki's work on discon
nected groups, pointing out also how he inspired 
his students and postdocs to take that work to its 
logical conclusion. Unfortunately this only hints at 
the many important contributions Suzuki made to 
the theory of finite groups. During the 1950s and 
1960s Suzuki was one of the masters of the the
ory of group characters and one of the initiators 
of the local theory of finite groups. He also dis
covered his infinite family of simple groups, which 
were only later recognized to be groups of Lie 
type, and he discovered the sporadic Suzuki group. 

I last saw Michio Suzuki in July 1997 at the con
ference in honor of his seventieth birthday in 
Tokyo. While his hair was a little grey, he was as 
active as ever, and it was hard to believe that he 
was almost thirty years older than when we first 
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met. Unfortunately, later that year it was discov
ered he was in the last stages of terminal cancer, 
and he died a few months after that diagnosis. His 
death is a great loss to mathematics and to those 
of us who knew him. 

Helmut Bender 

The name of Michio Suzuki was forever en
graved in my mind when in 1964 Bernd Fischer, 
who had just become an assistant of Reinhold 
Baer at Frankfurt, handed me a paper by Suzuki 
to be studied and presented in Baer's seminar. 
That paper [SuS] lies at the intersection of two 
main streams of Suzuki's work: 

(1) Characterize the known sim
ple groups by the centralizer of an 
involution. 

(2) Determine doubly transitive 
permutation groups with a regu
lar fixed point behavior, especially 
Zassenhaus groups (a nonidentity 
element does not fix three points) 
and Suzuki-transitive groups (the 
stabilizer of a point has a normal 
subgroup regular on the remain
ing points). 

The stream (1) was initiated by 
Richard Brauer in his 1954 ICM 
lecture and on the basis of philo
sophical as well as practical con
siderations: A given group can 
occur as the centralizer of an in- Michio Suzuki and daughter 
volution in only finitely many fi- Kazuko at the Institute for 
nite simple groups, up to iso- Advanced Study, Princeton, 
morphism, and involutions allow fall of 1968. 
certain arguments, elementary as 
well as character-theoretic ones, that do not work 
for elements of higher order. 

Brauer's dream was that in a hypothetical future 
classification of the finite simple groups one would 
reach a point where such characterizations could 
be used. This dream indeed became true by 
Aschbacher's later work, but the relevance of 
Suzuki's main contributions in that area was ob
vious much earlier. His most general result is the 
determination of all finite groups in which the 
centralizer of any involution has a normal Sylow 
2-subgroup [Su6]. The only such simple groups 
are PSL2(2n), Sz(2n), and PSL3(2n) . 

A further discussion of that story will carry us 
quickly to the main topic, 2-connectedness, of As
chbacher's segment of the present article. So, as a 
bridge in some other direction, let me recall a re-
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lchiro Sa take (left) and Suzuki, Japan, 1981. 

mark Fischer 
once made 
to me in the 
old days, 
namely, 
"Suzuki now 
works with 
EN-pairs 
rather than 
characters ." 
This referred 
to [Su6] and 
reflects, as I 
understood 
only much 
later, a 
twofold deep 
inner har
mony in the 
world of fi
nite groups. 

For a brief 
description 
of this, let 
me relate 
Suzuki's pro
cedure in 
[Su6] for the 
classification 
of all finite 
simple 
groups. In ei

Suzuki (left) with Graham Higman, July ther case, 
1987. after some 

reduction of 
a minimal counterexample G, 

(a) the normalizer of any nonidentity 2-sub
group (in short, any 2-local subgroup) has a nor
mal 2-subgroup containing its centralizer, and 
then 

(b) one either has non-2-connectedness in 
Aschbacher's sense or a geometry (building or EN
pair) that allows one to identify G. 

In [Su6] that geometry is a projective plane with 
the cosets Lx (x E G) of some 2-local L as lines, 
the cosets Py of some other 2-local as points, in
cidence defined by Lx n Py =f 0, and G acting on 
the plane by multiplication from the right. In ei
ther case the reduction to (a) is a big story in it
self; in the general situation it involves the study 
of (a) also for odd primes p in place of 2, and 
again (b) is the goal to be reached. The way to a 
geometry is by the study of the p-locals and their 
interaction. The most exciting recent developments 
in finite group theory are in this field. 

The main obstacle to any kind of local analysis 
as just indicated is non-p-connectedness; that is, 
some proper subgroup H of G contains a Sylow 
p-subgroup of G and the normalizers of all (or 
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nearly all) nonidentity p-subgroups of H. So from 
the p-local point of view, His a kind of black hole 
and hard to distinguish from G. As Solomon has 
pointed out, character theory may come to the 
rescue when things get very tight. Indeed, local 
analysis and character theory are somehow com
plementary methods, and it was the work of Brauer, 
Feit, and Suzuki on so-called exceptional charac
ters that made this clear. 

The rule of the prime 2 in the realm of finite 
groups is via the Sylow 2-subgroups. I like to com
pare them with fortresses. In order to exert an ef
fective control, they need good lines of commu
nication, that is, good connectedness, and most of 
all strength. For every type of small Sylow 2-sub
group, Suzuki has obtained substantial results. 
Most impressive are his CA Theorem [Su3], dis
cussed in the segment below by Solomon,1 and the 
Brauer-Suzuki-Burnside Theorem [Su5] on groups 
G of even order with no elementary 2-subgroup 
of order 4.2 

After a long period of relatively little global 
progress, much light has been shed on finite groups 
in the second half of this century, not least by 
Suzuki and by others using his work. In particu
lar, the finite simple groups have been determined. 
The earlier state of affairs was described very 
nicely by Brauer at the 1970 ICM: "Up to the early 
1960s, really nothing of real interest was known 
about general simple groups of finite order." On 
the solvability of groups of odd order, the main cor
nerstone of the classification, Brauer said, "No
body ever did anything about it, simply because 
nobody had any idea how to get even started." 

Unfortunately, public statements about the clas
sification are sometimes more governed by the 
bureaucratic mind than by mathematical interest 
and insight. The most exciting observation, how
ever, is open to every mathematician, not only to 
experts: On the one hand, apart from sets, map
pings, and integers, there is no other mathemati
cal concept of such a general nature as the con
cept of a group: any mathematical structure has 
an automorphism group, which a priori has a good 
chance of being more or less simple. On the other 
hand, not only is there some order among the fi
nite simple groups, but essentially all of them can 
be derived in a certain way from certain very spe
cial types of objects, namely, finite-dimensional lie 
algebras over the complex numbers, which in their 
own right are of central importance for mathe
matics as a whole. 

In today's light we see that Suzuki's work cen
ters around the "rank 1 groups" of Lie type. Their 

1 A CA group is a group in which the centralizer of every 
nonidentity element is abelian. The CA Theorem says 
that CA groups of odd order are solvable. 
2 The theorem says that G is the product of the central
izer of an involution and a normal subgroup of odd order. 
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Ph.D. Students of Michio Suzuki 
Steven F. Bauman (1962) 
Ernest E. Shult (1964) 
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Jon M. Laible (1967) 

John S. Montague (1967) 
Robert E. Lewis (1968) 
C. Gomer Thomas (1968) 

Mark P. Hale (1969) 

Wen-Jin Woan (1970) 
Zon-1 Chang (1974) 

George M. Whitson (1974) 
Arthur A. Yanushka (1974) 

David Chillag (1975) 
Seung-Ahn Park (1975) 

David Redmond (1977) 

Mark R. Hopkins (1978) 
Robert F. Mortenson (1978) 

Michael D. Fry (1980) 
Philip Abram Cobb (1987) 

Randall Reed Holmes (1987) 

Harald Erich Ellers (1 989) 
Tsung-Luen Sheu (1989) 

Jose Maria Balmaceda (1991) 

Tuval Foguel (1992) 

Abdellatif Laradji (1993) 

unifying group-theoretical property is "Suzuki
transitivity", essentially that the underlying geom
etry degenerates. This explains why Suzuki's main 
papers on permutation groups contain such long 
and difficult (though ingenious) calculations to 
identify the group under consideration. Is this ef
fort really worthwhile? Why do group theorists al
ways want to establish isomorphisms rather than 
being satisfied with the relevant group-theoretic 
information? This question was once raised by a 
mathematician in an interview. The answer is that 
information on some aspect of a group may suf
fice for an isomorphism with a known group but 
is usually not strong enough to clarify any other 
important aspect, e.g., representations. This can be 
illustrated by the (slightly generalized) Brauer
Suzuki-Wall Theorem [BSW]: A certain abelian sub
group of the given group G will be known to be 
cyclic only after an isomorphism of G with some 
PSL2(q) has been established. 

To follow those calculations in my seminar 
paper was the hardest job I ever did in group the
ory. Fortunately, there was enough other motiva
tion to go on and study further papers of Suzuki 
and related work of Feit. This became my main ac
tivity for about two years as a student. Shortly 
thereafter I spent a year with Suzuki at Urbana, the 
most productive and pleasant time in my acade
mic life. 
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Once Suzuki mentioned that he came to Urbana 
at exactly my age. So it must have been 1952. He 
came on the initiative of Baer, then at Urbana, who 
was impressed by his work [Su1, Su2] on subgroup 
lattices, recently described to me by experts as rev
olutionary. 

In 1991 Suzuki received a honorary degree from 
the University of Kiel for his pioneering work, 
more precisely "fUr seine Verdienste auf dem Ge
biet der Gruppentheorie, vor allem in Wurdigung 
seiner wegweisenden Arbeiten zur Klassifikation 
der endlichen einfachen Gruppen wie auch fUr 
sein grundlegendes Werk uber Untergruppenver
bande und seine Beitrage zur Theorie der Permu
tationsgruppen."3 The next time I saw him was in 
July 1997 at a meeting in Tokyo connected with 
his seventieth birthday. Those who know him and 
met him there will have no doubt that his passion 
for finite groups and his warm interest in the life 
and work of his colleagues lasted until the end of 
his days. 

Ronald Solomon 

In preparing a talk for the July 199 7 conference 
in Tokyo in honor of Michio Suzuki, I took a mo
ment to check the bibliography of my battered 
copy of Danny Gorenstein's book, Finite Groups, 
(the Book of Common Prayer for students of my 
generation interested in finite simple groups). I 
found that the author (or coauthor) with the most 
citations (19) was Michio Suzuki, a crude numeri
cal indication of the importance of Suzuki to the 
rapidly developing theory of finite simple groups. 

A far more eloquent synopsis of the influence 
of Michio Suzuki on the project of classifying the 
finite simple groups can be found in the following 
remarks of John Thompson:4 

A third strategy (or was it a tactic?) in 
OOP [the Odd Order Paper] attempted 
to build a bridge from Sylow theory to 
character theory. The far shore was 
marked by the granite of Suzuki's the
orem on CA-groups .... 

Suzuki's CA-theorem is a marvel of cun
ning. In order to have a genuinely sat
isfying proof of the odd order theo-

3 "for his achievements in the domain of group theory, 
above all in recognition of his path-breaking works on the 
classification of simple finite groups as well as for his 
fundamental work on lattices of subgroups and his con· 
tributions to the theory of permutation groups." 

Ronald Solomon is professor of mathematics at Ohio State 
University. His e·mail address is sol omon@math. 
ohio-state. edu. 

4For CA groups and Suzuki's theorem that are mentioned 
in these remarks, see footnote 1 within Bender's segment 
of this article. 
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At the conference in honor of his seventieth 
birthday, Tokyo, 1997. Top: Suzuki with wife 

Naoko. Bottom: left to right, Suzuki, Donald G. 
Higman, and Walter Feit. 

rem, it is necessary, it seems to me, not 
to assume this theorem. Once one ac
cepts this theorem as a step in a gen
eral proof, one seems irresistibly drawn 
along the path which was followed. To 
my colleagues who have grumbled 
about the tortuous proofs in the clas
sification of simple groups, I have a 
ready answer: find another proof of 
Suzuki's theorem. 

Thus Suzuki was either Moses leading his people 
to the Promised Land of the classification or the 
Pied Piper leading a generation of thoughtless chil
dren down a tortuous path of no return. 

Burnside was intrigued by the differences be
tween groups of even and odd order and was fas
cinated by the thought that all groups of odd order 
might be solvable, but for all his brilliance he never 
established a major subcase of the problem. Brauer 
in the early 1950s focused attention on centraliz
ers as a key to unlocking the mysteries of simple 
groups, but his ideas were directed primarily at cen
tralizers of involutions and had little applicability 
to groups of odd order. Suzuki took up the idea 
of centralizer conditions (CA means that the cen
tralizers of nonidentity elements are abelian) and 
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devised and implemented a strategy applicable to 
groups of both odd and even order: 

(1) Determine the structure of all maximal local 
subgroups (normalizers of nonidentity p-sub
groups) via Sylow theory. 

(2) Count elements in G via character theory. 

Suzuki's paper was seductively short and elegant, 
only ten pages long. Little did anyone know that 
it was the seed that would germinate into the 2 55-
page Odd Order Paper of Feit and Thompson. 

After the Odd Order Paper, the role of charac
ter theory in the proof of the classification de
clined precipitously and disappeared completely 
in the final decade. One heuristic explanation for 
this is that the primary role of character theory in 
the classification is to obtain group order formu
las. But Thompson's Order Formula shows that the 
group order can be obtained in an elementary 
character-free way whenever the group has at least 
two conjugacy classes of involutions (elements of 
order 2). Empirically (I do not know of a proof 
without quoting the classification), simple groups 
with only one class of involutions have Sylow 2-
subgroups either of very small (sectional) 2-rank 
or of very small nilpotence class. As groups of 
these types were among the first handled in the 
classification project, it is not surprising that the 
need for character theory was exhausted early. 

A somewhat deeper reason is the following. 
Character theory comes to the rescue when local 
group theory finds itself trapped in a cul-de-sac, 
a so-called strongly embedded subgroup or some
thing very close to one. If the local structure of the 
group G in the neighborhood of the prime 2 is suf
ficiently robust to provide a family of local sub
groups with large intersections which generate G, 
then it is possible to avoid character theory and 
identify G by either Lie theoretic or geometric 
methods. A single subgroup (and its cosets) pro
vides a permutation action. A web of intersecting 
subgroups (and their cosets) provides a geometry. 
But the absence of rich intersections can also be 
exploited, as Suzuki taught us in his deepest pa
pers, "On a class of doubly transitive groups I, II". 
Here Suzuki wrote the final chapter in the long saga 
of Zassenhaus groups and also the first chapter of 
the classification of groups with a strongly em
bedded subgroup, which was completed by Helmut 
Bender. This marvelous work complements the 
Odd Order Paper to give the final assurance that 
not only do all nonabelian finite simple groups have 
even order but, with the exception of the groups 
of Lie rank 1 over fields of even order, they are rich 
in 2-local subgroups. (Technically speaking, for 
any fixed Sylow 2-subgroup S, G is generated by 
the normalizers of nonidentity subgroups of S.) 

This does not exhaust Suzuki's contributions to 
the classification. He was a mentor, official or un-
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official, of Walter Feit, Helmut Bender, Koichiro 
Harada (whose collaboration with Gorenstein 
yielded a large portion of the classification proof), 
and Ernie Shult (whose work had a profound in
fluence on Goldschmidt and Aschbacher). He also 
discovered one of the twenty-six sporadic simple 
groups (thereby robbing Conway of a fourth Con
way group). Finally, he pioneered in the late 1960s 
the program of characterizing the finite groups of 
Lie type over fields of even order by the central
izers of a central involution. (Brauer and his school 
had focused on the analogous problem for groups 
of Lie type over fields of odd order, where invo
lutions are semisimple elements.) Historically this 
program was stopped in its tracks after a few years 
by the express train of Gorenstein, Lyons, and As
chbacher (plus Gilman and Griess), who champi
oned a different philosophy: When G is "of char
acteristic 2 type", switch attention to "semisimple 
elements" of odd prime order. (This may be viewed 
as a revival of the philosophy of Killing.) The semi
simple strategy carried the day in the 1970s and 
1980s, yielding a proof of the Classification The
orem. 

But Suzuki's influence is mighty still. His prin
cipal disciple in Japan was Kensaku Gomi, who did 
some beautiful work in the 1970s and 1980s in the 
spirit of the "unipotent approach" of Suzuki. Some 
of Gomi's key ideas, combined with methods of 
David Goldschmidt, were crafted by Bernd Stell
macher into a unipotent strategy for the classifi
cation of finite groups of characteristic p type. This 
approach is being vigorously pursued by Ulrich 
Meierfrankenfeld, Gernot Stroth, and others. It 
may well yield an alternate proof of a major por
tion of the Classification Theorem. So even today 
we may not yet have felt the full glow of the light 
that Michio Suzuki's work shines upon the study 
of finite simple groups. 

I would like to close with some personal re
marks. I first saw Suzuki at the Summer Institute 
on Finite Groups in 1970. I saw him last at the 
Tokyo Conference in 1997. He never seemed to 
change. The twinkle in his eyes, the vitality in his 
step, and the enthusiasm for his subject were con
stants. Also constant were his graciousness and 
generosity of spirit. I have treasured a letter that 
I received from him dated February 2 7, 1996, from 
which I quote the first paragraph: 

Dear Ron, 

I like to congratulate the publication of 
the second volume of the classification 
series which I have just glanced 
through. It is very well organized and 
readable. I have an elated feeling that I 
may be able to understand the proof of 
the classification in my life time. Keep 
up the good work. I also want to thank 
you for your kind words on my book. 

MAY 1999 

Professor Suzuki, I am sorry we were too slow. But 
I suppose you know a better proof by now anyway. 
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Strength in Numbers 
Sherman Stein 
John Wiley & Sons, 1996 
ISBN0-471-15252-8 
272 pages, $24.95 hardcover 

We are told these days by Madison Avenue that 
the cult status of mathematics is on the rise. Hav
ing sat through a popular summer movie titled "rr", 
mathematicians and nonmathematicians alike now 
await the appearance of Givenchy's new perfume 
by the same name. Let us hope that before this 
trend wafts away, the public gets wind of more sub
stantial mathematics in the form of Sherman Stein's 
delightful book, Strength in Numbers, where, in fact, 
one will find an engaging ode to the wonders of 
that very number. Writing in a fast-paced, down
to-earth style, with a dry wit that enlivens even the 
most abstract topics, Stein has given us a book that 
can hold the attention of a wide range of readers, 
from the experienced professional to the inter
ested generalist. Aimed primarily at nonmathe
maticians, the book covers a variety of subjects, 
including examples of the appropriation (or mis
appropriation) of mathematics for political pur
poses, then moving on to remarkably lucid intro
ductions to the calculus and other specific 
mathematical topics. Sprinkled throughout are 
demonstrations of the continuing relevance of 
mathematics to the issues and activities of our 
daily lives. Underlying the entire book and surfacing 
in a series of anecdotes, asides, and beautifully 
drawn connections is Stein's deep respect and af
fection for the elegance and power of mathemat
ics. Even the professional mathematician, already 
familiar with the particulars of the mathematics, 
will benefit from reading this book, whether it be 

Giuliana Davidoff is professor of mathematics at Mt. 
Holyoke College. Her e-mail address is gdavi dof@ 
mhc.mtholyoke.edu. 
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to learn something 
new about his or 
her own field, to be 
reminded of public 
misconceptions 
promulgated by 
misuse of tools of 
our trade, or sim
ply to join Stein in 
the great pleasure 
he takes in doing, 
teaching, and expe
riencing mathe
matics. 

The book is di
Discovering t lle. Joyand Power of vided into three 

Math e mati cs in Eve ryday Life parts, each written 
S H ERMAN K. STEIN in short, Often self-

COntained chapters. 
The subjects of Section I, the longest of the three, 
are diverse, though perhaps unified by an aim to 
dispel some of the myths associated with numbers, 
mathematics and computers, and mathematicians. 
These are the chapters that may hold the most in
terest for the professional mathematician, though 
one wishes that they could be made required read
ing for every elected official. For example, the au
thor discusses "cool" and "hot" numbers. The first 
are those noncontroversial numbers that, nonethe
less, carry emotional import. A 9000-point stock 
market or a thirteenth floor in a building come to 
mind as examples of numbers whose associations 
to certain conditions are commonly understood. 
Though a stock market at 8999 is virtually indis
tinguishable from one at 9000, the latter certainly 
resonates with the public in a way that the former 
does not. On the other hand, "hot" numbers are 
those thrown around in debates of major issues. 
Like the cost of health care in the year 2000, the 
number of existing HIV cases, or the number of 
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people at a demonstration, these numbers cannot 
be known precisely, yet they play an enormous role 
in shaping the political discussion and manipu
lating public opinion. Stein also issues wise warn
ings against the harm that can result when single 
numbers, such as IQ scores, are used to measure 
quantities that, like intelligence, are surely multi
dimensional. Citing pertinent examples in each of 
these cases, he reminds his readers of our obliga
tion to sustain the skepticism necessary for a so
phisticated consumption of statistical informa
tion. 

Taking a different tack, the author points out 
how anecdotes and extreme-case scenarios often 
substitute in the political discourse for a reasoned, 
possibly scientific, assessment of issues. One need 
only listen to current discussions of the effect on 
poor families of our recent welfare reform to wit
ness a critical situation that cries out for some sys
tematic examination. Like "hot" numbers, the true 
measure of this effect may be almost impossible 
to know, but in the meantime we are led to believe 
by advocates on both sides of the question that the 
anecdotal evidence of one or two families should 
lead us to one conclusion or the other. One can only 
nod in emphatic agreement when Stein asserts, 
"The sheer size and complexity of the issues that 
face our nation ought to demand an appropriate 
updating of the way we settle them." 

In another chapter with an underlying political 
message the book addresses the impossibility of 
deciding in the present which seemingly abstract 
mathematical ideas will have important applica
tions in the future. It presents knot theory, the 
Radon transform, and a number theoretic result 
of Euler as examples of pure mathematics that ul
timately became powerful tools for modern science. 
Through these three ideas, all apparently far re
moved from the "real" world, we now better un
derstand the DNA molecule, reap the medical ben
efits of CT-scans, and enjoy the privacy afforded 
by security systems based on the RSA public-key 
code. Stein's argument is an important one: namely, 
that curiosity, rather than necessity, is often the 
best motivation for invention, that mathematics 
moves forward because "the questions [are] in
triguing and the discoveries surprising, profound, 
eternal, and beautiful." We live in an era when the 
public is goaded all too often to measure the value 
of investment in terms of immediate, often shal
lowly defined returns. Stein reminds us of the im
portance of supporting what may appear to be 
impossibly abstract directions in mathematical re
search, not only because of their intellectual value, 
but because many of them in the end will provide 
unforeseen practical rewards. 

In Section I the reader will also find a detailed 
presentation of the relevance of mathematics to the 
workplace. The author describes the result of his 
extensive research into the level of mathematics 
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required for a large variety of jobs, presenting his 
findings in both tabular and narrative form. While 
he does not presume to suggest that mathematics 
courses are crucial to success, one is struck by the 
differences in career paths available to those with 
and without exposure to high school and college 
mathematics. 

The first section finishes with a highly inter
esting discussion of the history of curricular reform 
in this century, a topic that clearly engages Stein 
deeply. In addition to listing the changing sequence 
of goals in the evolutionary arc of reform, he ex
amines four particular experiments in some detail. 
The first took place in 1929, implemented by a 
highly imaginative school superintendent, L. P. 
Benezet, in Manchester, New Hampshire. Benezet 
hypothesizes, "It is nonsense to take eight years 
to get children thru [sic] ordinary arithmetic. The 
whole subject could be postponed until the seventh 
grade and could be mastered in two years by any 
normal student." The story of his effort is ab
sorbing. The second experiment was spearheaded 
by Stein himself, along with one of his colleagues, 
when, in 1968, they devised an innovative high 
school curriculum based on small-group learning. 
Though their initiative survives, it does so, ac
cording to Stein, in a form no longer recognizable 
as deriving from the original. We would do well to 
pay attention to his comments on the problems that 
arise when even the worthiest approach is left in 
the hands of not-so-competent teachers. The last 
two of the reforms he discusses at length will be 
familiar to mathematicians: they are the "New 
Math", begun in 1958 and largely invisible by 1970; 
and the most recent, the NCTM Standards. 

Stein is obviously passionate about teaching 
and dedicated to doing it well. On the other hand, 
he is clearly weary of the endless promises of re
form that "spring forth even though there is no 
agreement on the cause of the problem." Before we 
jump enthusiastically onto the bandwagon of the 
next popular idea, we might consider his admoni
tion that "It is as though a doctor keeps plying pa
tients with a variety of pills without ever figuring 
out what ails them. Looking back at the old reforms, 
I get the impression that the prophets are con
stantly reinventing the flat tire." 

The second section of the book is devoted to re
visiting some of the mathematics encountered in 
grade school and high school. However, while it 
does indeed go into some basics, such as proper
ties of arithmetic with integers and fractions and 
graphing functions, there is much that will be new 
to nonmathematicians. Beginning with a useful 
chapter on how to read mathematics, it moves on 
to review the subtle issues involved with mathe
matical statements that must hold for all numbers, 
including those too large to examine experimen
tally on even the fastest computers. In a seamless 
segue from a simple definition of prime numbers 
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to a crystal-clear exposition on Merten's conjecture 
to a brief mention of the Riemann hypothesis and 
RSA codes, Stein gives the reader a look at the im
possibility of deciding mathematical truth from any 
finite number of examples, no matter how large. 
In this section we also find an explanation of how 
to sum a geometric series and why such a series 
explains how banks "create" money. Here, too, is 
a presentation of Cantor's diagonal proof that the 
continuum is uncountable, as well as the discus
sion of rr mentioned in the first paragraph of this 
review, both topics untouched by the normal high 
school curriculum. The chapter on the ubiquitous 
rr is particularly entertaining, exploring as it does 
the diverse settings in which the number can ap
pear. It is in this chapter that the reader senses 
most acutely Stein's genuine wonder at the "as
tonishing connections" through which "mathe
matics reveals its unique and beguiling charm," a 
wonder that is summarized in a lovely poem on 
the subject of rr written by the author's wife. 

The third and shortest section of the book ad
dresses some mathematics usually encountered for 
the first time in the beginning semester of a cal
culus course. It starts with a clever discussion of 
the indeterminate form 0/0, illustrating some of 
the problems involved in evaluating such an ex
pression, and then uses geometric series to han
dle a class of special examples. From there the text 
moves into a discussion of slope and steepness, 
leading to an explanation of the derivative, though 
that technical term is never used. Naturally, the 
next step is to find the area of a two-dimensional 
shape with a curved boundary. Here Stein follows 
a proof by Fermat that determines the area between 
the curve y = x2 and the x-axis in the interval 
[0, 1] and again relies on summing geometric se
ries. To finish off, he returns to yet another inter
esting setting for the number rr and, finally, gives 
two proofs that reveal his own mathematical aes
thetic. 

This book will hold the interest of many, but for 
professional mathematicians it will hold fewer sur
prises than for the nonmathematician. Given the 
importance of many of its points and the clarity 
of its exposition, it provides the interested ama
teur an unusual opportunity to gain an insight 
into some important ideas that before might have 
seemed unattainable. One hopes that it will find 
the broad general readership it deserves. 
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Book Review 

Mathematical Reasoning: 
Analogies, Metaphors, and Images 

Mathematical Reasoning 
Edited by Lyn D. English 
Lawrence Erlbaum Associates, Publishers, 199 7 
384 pages, ISBN0-8058-1979-7 

This book explores how people think mathe
matically and how they learn to do so. Taken to
gether, the thirteen separate chapters by different 
authors consider the full range of mathematical 
thinking from early childhood through the school 
years, university levels, and up to the threshold of 
research. To what extent can mathematical thought 
be analyzed in terms of analogy, metaphor, and im
agery, and how can such an analysis help us im
prove mathematics education? 

Regarding the latter, the reader who is looking 
for prescriptions for what to do in class next week 
will be disappointed. Several of the chapters do pre
sent examples of effective teaching that imple
ment the ideas they are presenting, and there are 
indications of potential pitfalls. The basic mes
sage of this and any investigation into mathemat
ical thinking, however, is, as Presmeg (p. 277) points 
out, that teachers can gain " ... a heightened un
derstanding of some of the processes involved in 
learning and in doing mathematics," and that they 
" ... might enhance their apprehension of the diffi
culties which their students might be experiencing 
in these processes." My own view is that, in the long 
run, deepening our understanding of the nature of 
mathematical thought is going to be more benefi
cial to our effectiveness as teachers than reading 

Ed Dubinsky is professor of mathematics at Georgia State 
University. His e-mail address is edd@zeus . cs. gsu. edu. 
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Reviewed by Ed Dubinsky 

about classroom ex
amples we might ap
propriate. 

In reading this 
book then for what 
it might tell us about 
mathematical rea
soning, I would ad
vise the reader to go 
quickly past the in
troduction. Its main 
point is to try to ex
plain what might be 
meant by analogy, 
metaphor, and im
agery, but it does not 

succeed very well. There is a definition of analogy 
(p. 5) and also of metaphor (p. 7). These two mech
anisms for thinking are supposed to be different, 
but I can find absolutely no difference between 
the two statements. Sfard does a much better job 
of distinguishing them in a later chapter, and I 
will have more to say about that below. 

The twelve chapters that make up the body of 
this book are organized like a sandwich. The open
ing and closing pieces are theoretical reflections 
on how metaphor can be used as a device to de
scribe the contents of mathematics (Lakoff and 
Nunez, Chapter 2) and to describe where this con
tent comes from (Sfard, Chapter 13). The remain
ing ten chapters are individual essays on various 
aspects of these two general themes. 

As with many sandwiches, the bread is more in
teresting than the innards. Although I disagree 
with much of what Lakoff and Nunez and Sfard 
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have to say, both essays address extremely im
portant questions, and the authors have made se
rious attempts to develop and support coherent 
positions, which they present in a very readable 
manner. I consider these two chapters to make se
rious contributions to the philosophy of mathe
matics, and I recommend that they be read and 
thought about seriously. In this review I will con
centrate on them. 

The chapters in between were, for me, somewhat 
less interesting. For completeness' sake, I will 
briefly summarize their contents. Davis and Maher 
remind us that "new ideas come from old ideas," 
but they do not tell us much about the mechanisms 
by which such constructions are made, nor do 
they tell us how to avoid the "Learning Paradox", 
by which nothing new can be learned since it must 
already be present in the foundation (see Piattelli
Palmarini, 1980, for a discussion by Fodor, who 
uses this point to argue for an innatist theory of 
knowledge, and also Bereiter, 1985). There are four 
chapters concerned with how children do or do not 
use analogy to solve mathematical problems. Some 
of the authors are convinced that very young chil
dren show evidence of analogical reasoning; oth
ers suggest that this does not really happen very 
much, or very effectively, at any age. The data 
from research are certainly very mixed. These 
chapters are followed by a summary by Ratterman, 
who tries to give a theoretical foundation to their 
content. In her first chapter, Presmeg offers ex
planations of the meanings of several terms used 
often in the book: metaphors, metonymies, and 
semiotics. Wheatley argues that imagery is im
portant for successful problem solving, and in a 
second chapter Presmeg considers the interplay be
tween visual and analytical thinking. Finally, 
Clements and Sarama consider the value of com
puter programming- or, specifically, program
ming in Logo-in helping children develop an un
derstanding of mathematical concepts. This 
chapter seems at best loosely related to the rest 
of the book. 

Let me turn now to the two pieces of bread in 
this sandwich: the opening chapter by Lakoff and 
Nuiiez and the final, summarizing chapter by Sfard. 
In my opinion, these are the two most important 
chapters of the book. 

Metaphor As a Structuring Mechanism for 
Mathematics 
The basis for Lakoff and Nuiiez's essay is their oft
repeated criticism that much of twentieth-century 
mathematics is not about ideas, but rather is mainly 
concerned with symbols, their arrangements ac
cording to the rules of syntax, and model-theo
retical interpretations of these formal statements. 
This, they seem to suggest, is why modern math
ematical treatments of topics such as limits, con
tinuity, infinity, etc., are so inaccessible to most stu-
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dents. Contemporary mathematics, they argue, 
has gotten away from concrete phenomena, and 
many standard ways of thinking about mathe
matics should be replaced by a system of 
metaphors. 

No one can doubt the existence of serious dis
sonance between much of mathematics and di
rect, everyday experience, as well as the importance 
of finding ways to deal with this gap if mathe
matics is to survive as a full-fledged part of our 
culture and not merely glass bead mind games 
played by a select few. The authors are to be con
gratulated for a serious attempt to develop a philo
sophical foundation for closing the gap. The so
lution of Lakoff and Nunez is to "bring embodied 
human minds, as they have come to be under
stood recently in cognitive science, back into math
ematics." They do this by means of metaphors, and 
their idea is that every mathematical concept can 
be seen to come directly from some physical, every
day experience ("grounding metaphors") or can 
be linked to such, directly or through a sequence 
of connections ("linking metaphors"). 

For example, arithmetic concepts are grounded 
by metaphors such as "Numbers are collections of 
physical objects of uniform size", "Numbers are 
physical objects", and "Numbers are locations on 
a path". The concept of function is grounded by 
"A function is a machine" and "A function is a col
lection of objects with directional links". The func
tion concept is also linked to the concept of vari
able (grounded by the metaphor of a traveler) by 
the metaphor that a function is a traveler whose 
motion is determined by two variable-travelers. 
This same traveler metaphor then is a linking 
metaphor for the limit concept. 

Lakoff and Nunez's effort is to be applauded for 
several reasons. They are making a systematic at
tempt on both general and specific levels to work 
out a consistent epistemology of mathematics. 
Unlike many discussions of the philosophy of 
mathematics, this one concentrates the examples 
on mathematics and does not restrict considera
tion to the most elementary concepts. Of course 
numbers and arithmetic are major topics, but the 
authors also discuss more advanced concepts such 
as limits, continuity, infinity, and space-filling 
curves. 

I am unconvinced, however, that this admirable 
attempt works. I think that there are a number of 
difficulties with their analysis, that there is very 
little indication of how this particular epistemol
ogy might help in teaching the mathematical con
cepts they consider, and, most seriously, that they 
are misunderstanding a number of the ways of 
thinking about mathematics that they are reject
ing. 
Difficulties with Their Analysis 
I find some of the metaphors questionable. For ex
ample, the arithmetic of functions is an important 
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mathematical idea that can be very difficult for un
dergraduates to understand. The Lakoff and Nufiez 
metaphor places the concept of the sum of two 
given functions f and g entirely in the arithmetic 
operations on the numbers in the range of these 
two functions, and their epistemology does not deal 
at all with the existence of f +gas an object. They 
offer two metaphors for continuity, gaplessness 
and preservation of closeness, but I am unable to 
see how one might build on these to move, for ex
ample, to the idea of uniform continuity. The fun
damental concept of zero is grounded in the 
metaphor of an empty collection. Logically this 
makes sense, but several decades of teaching 
makes me wonder for whom this metaphor cap
tures the notion of zero. 

These and many other examples bring into ques
tion the sources of the metaphors that are offered. 
Do they really form a natural basis for our think
ing, or are they the logical creations of the au
thors, who are trying to develop a consistent epis
temology? The only "evidence" they present for the 
former is a number of standard phrases in ordi
nary discourse. This assumes that a given lin
guistic expression can be taken at face value and 
does not depend on the interpretations of the per
son who made the statement, on the epistemolo
gist who selected it as an example, and on the 
reader of the analysis-all of whose interpreta
tions may be different. 

I find some gaps in their reasoning. For exam
ple, they misinterpret standard conventions of 
mathematics connected with expressions such as 
limx-oo(~) = 0 and limx-o(~) = oo, missing the 
point that the first asserts an equality of two num
bers but the second is just a notational convention 
for a certain phenomenon and does not mean that 
oo is supposed to be a number. There is a long dis
cussion of the continuity and differentiability at 0 
of functions defined by expressions such as 
xn sin(~). They seem to deal with these pictorially 
in terms of gaps and tangents and directions. But 
although their descriptions work for n = 1, 2, they 
break down for larger values of n. In my view 
these are not "monster" functions, as Lakoff and 
Nufiez designate them, but rather an intriguing col
lection of examples that serve to ground the con
cepts of continuity and differentiability of differ
ent orders in ways that do not seem to be included 
in their metaphor epistemology. 

Finally, I think that the authors miss much of 
the point of Cantor's theory of infinite sets. It may 
be that our notion of "same number" is grounded 
for finite sets in ways such as the authors suggest. 
But the point of Cantor's analyses is that these in
tuitions do not work for infinite sets and new in
tuitions must be constructed. It is the difficulty in 
revising intuitions and our lack of understanding 
of how teachers can help that has produced the 
"confusion for generations of students" to which 
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Lakoff and Nunez refer. They suggest that the 
cause is that the point has never been explicitly 
stated. It is increasingly our experiences as teach
ers that serious conceptual difficulties of students 
are barely affected by explicit statements of any 
kind. Much more is needed than stating things ex
plicitly. This brings us to a consideration of the 
metaphor epistemology and teaching. 
Relations to Teaching Mathematics 
Lakoff and Nunez list three goals for their entire 
enterprise, and the third of these is "As a helpful 
task for mathematics education". I see very little 
in what they tell us that would be helpful. Their 
metaphor for limit of a function, for example, is 
about two travelers approaching certain locations. 
What is the teacher to do with this idea? Of course, 
countless efforts are made by all teachers to link 
the concept with this and other metaphors. One 
of the more interesting is the E- 8 contract of 
Courant and Robbins, 1948. The fact of the mat
ter is that such discussions seem to provide very 
little help and apparently make almost no differ
ence in student learning. Indeed, I do not see any 
way to use a metaphor epistemology other than to 
explain the metaphors to the students. I do not 
think this is adequate, and I am disappointed that 
Lakoff and Nufiez pay so little attention to this par
ticular one of their goals. 

I would propose as an alternative a constructivist 
epistemology. By constructivist, I do not mean that 
students are expected to discover mathematical 
concepts on their own without help from the 
teacher, although the opportunity for students to 
try to discover mathematical ideas can be an im
portant pedagogical tool, if used appropriately. 
What I do mean by this term is the idea that learn
ing mathematics requires an individual to con
struct mathematical understandings in her or his 
own mind. This can happen as a result of experi
ences that are provided in a learning situation and 
that include, but are not restricted to, hearing ex
planations. Of course, the understandings an in
dividual constructs must be consistent with the un
derstandings held by mathematicians, but they 
cannot be given by one person to another. They 
must ultimately come from the learner, and the 
teacher can only provide opportunities, stimuli, and 
support. 

The point of a constructivist-as opposed to a 
metaphor-epistemology is that there is at least the 
hope that if learning mathematics occurs through 
making mental constructions, we can try to find 
out what these constructions might be and look for 
specific ways (such as writing computer programs, 
working on tasks in groups, writing essays, etc.) 
to help students make specific constructions. There 
is in fact a considerable amount of work being 
done along these lines, but that is a matter for an
other story. 
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Metaphor As a Tool for Constructing 
Mathematics 
The metaphor is, for literature, an extremely im
portant-indeed, ,essential-mechanism, and it is 
certainly true, as Sfar1 contends in her essay, that 
"metaphor is pervasive in everyday life." Therefore, 
it is not only tempting but necessary to consider 
the question of what role the metaphor plays in 
the development of mathematical understanding 
and how important it is. In fact, it is Sfard's con
tention that "Mathematics is not less dependent on 
metaphor than literature is." In asserting the "ubiq
uity of metaphor and its power to create for us the 
world we live in-including the most remote and 
esoteric regions of abstract mathematics," she 
echoes the thesis of Lakoff and Nufiez. 

Sfard not only develops this thesis but relates 
it to existing theories of the development of math
ematical knowledge. In particular, she considers 
theoretical analyses of mathematical understand
ing, developed by her and others, in terms of what 
is called an operational-structural or process-ob
ject dialectic. An open question in Sfard's version 
of this theory has been to understand the mecha
nism of, for example, passing from operational to 
structural, that is, from process to object under
standings of a mathematical concept. Sfard offers 
the mechanism of metaphor as an answer to this 
question, and as a result her chapter tends to unify 
the somewhat disparate discussions in the other 
twelve chapters of the book. In particular, she clar
ifies the distinction between analogy and metaphor 
in that the former is a linking of two concepts al
ready constructed and the latter is the use of an 
existing concept to construct a new one. Another 
contribution of this chapter is to situate the entire 
book within an epistemological development that 
has been taking place for more than a decade. 

The next question then is, How exactly does 
one use metaphor to create meaning? Sfard's an
swer is language. 
Language As the Mechanism 
In Sfard's view," .. . the attention to metaphor is an 
attention to language." She argues that it would be 
impossible to have a metaphor-free language and 
suggests that the use of language can lead to the 
construction of mathematical meaning. Accepting 
the idea of Davis and Maher that new mathemati
cal ideas are constructed from old ones (both in 
mathematical research and in learning mathe
matics), Sfard asserts that new symbols usher in 
new mathematical concepts, that the meaning of 
a new symbol is inherited from "the meaning of 
the symbols whose linguistic footsteps it is fol
lowing." 

Consider the particular case of understanding 
a mathematical process as an object, perhaps the 
most difficult of all mental constructions. Ac
cording to Sfard, "What we call 'mathematical ob-
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jects' are metaphors resulting from certain lin
guistic transplants." She asserts that" ... introduc
tion of a new mathematical symbol is often enough 
to ... bring about reification" (the encapsulation of 
a process into an object). Indeed, she believes, "If 
we write a new name or a new symbol in the slot 
reserved for objects-the new signifier will even
tually bring about an emergence of a new mathe
matical object." 
The Case for the Role of Language and Metaphor 
In this reviewer's opinion the arguments presented 
are too weak to justify the contention that it is 
through the use of language that we construct 
new mathematics. Sfard points out that you can
not explain the phenomenon of abstraction with
out a reference to metaphorical projection. This 
may be true, and although she gives many exam
ples of mathematical discourse that is full of 
metaphor, her evidence does not go beyond these 
illustrations. But the fact that we may use 
metaphors to explain abstraction does not imply 
that we use metaphors to perform abstraction. 

Furthermore, it is not clear how the use of 
metaphor in mathematical discourse can help stu
dents learn mathematics. On the one hand, Sfard 
seems to be suggesting that students learn from 
the teacher who, like the parent teaching the child 
the proper words for various objects, introduces 
specific linguistic constructs (e.g., nouns to re
place verb phrases), and this is supposed to lead 
the student to construct objects. On the other 
hand, however, she reminds us of the ineffective
ness of introducing terminology for a concept be
fore the learners have constructed the concept. So 
how does Sfard think this construction is to be 
made? Is there a contradiction or at least a gap 
here? It seems to me that something more than a 
linguistic mechanism is needed to help students 
construct new mathematical ideas. 

Suppose we were to accept Sfard's contention 
that mathematical meaning is constructed by en
gaging in discourse that uses certain kinds of 
words in certain ways. This seems to suggest that 
teaching mathematics should consist in talking 
about ideas using appropriate linguistic struc
tures. Many mathematicians today, however, are 
concluding from their experiences that the peda
gogical approach of explaining mathematics to 
students, or lecturing, is far from adequate. Sfard 
herself has followed this line and has concluded 
that sophisticated mathematical concepts (such 
as those involving objects that must be constructed 
from processes) may not be accessible to very 
many students (Sfard, 1992, 1994). Ifind this very 
disappointing, because it seems to ignore the 
progress that has been made in recent years in 
going beyond what Sfard acknowledges are the 
limitations of the metaphorical mechanism. 
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Beyond linguistic Mechanisms 
Consider the example of negative numbers. How 
does 3 - 8 become an object? For Sfard it begins 
as "impossible subtraction" and becomes a new ob
ject by metaphorical projection of the existing 
concept of number because such expressions "may 
be manipulated in ways similar to those in which 
the 'regular' numerical expressions are operated 
on." An alternative is to consider that 3 - 8 is not 
an impossible subtraction but a reversal of the 
process of adding 8. Here reversal is a general 
mechanism used to create mental processes. An
other general tool I have already mentioned is en
capsulation, by which a process becomes an object 
in an individual's mind. It turns out that' this kind 
of interpretation can be made for a wide variety 
of mathematical concepts, such as the notion of 
function as object, the analysis of cosets to arrive 
at Lagrange's Theorem, and the construction of 
quotient groups. 

Can such an epistemological approach lead to 
pedagogical strategies that are more effective than 
using metaphors in mathematical discourse? The 
answer seems to be yes, and this relates to the al
ternative discussed above to the epistemology of 
Lakoff and Nunez. In both cases my suggestion is 
that formalism can be more effective than 
metaphor as a mechanism for constructing mean
ing. There are methodologies by which students' 
negative reactions to formal expressions can be 
overcome. These methods are not unrelated to 
those suggested by Clements and Serama in their 
chapter of this book. It turns out that performing 
certain computer tasks and reflecting on the op
eration of the computer in these tasks can help stu
dents use even complex formal statements (e.g., in
volving two- and three-level quantifications) to 
construct mental processes and encapsulate them 
into objects. The results, in terms of learning math
ematics, are very encouraging (see, for example, Du
binsky, 1995, 1997a,b). 

The alternative I am suggesting may be more dif
ficult and less dramatic than the striking analogies 
and mechanisms of literature, but I think that in 
the long run the harder approach may be the more 
effective one. 
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The last twenty years have seen a sharp increase 
in the number of mathematics institutes worldwide. 
They vary greatly in size, structure, and tradition, 
but there is nothing quite like the American Insti
tute of Mathematics (AIM). Established as a non
profit organization in 1994, AIM is almost entirely 
funded through the personal donations of one 
man, John Fry. Today AIM has established itself as 
a small center for visiting mathematicians and an 
organizer of high-profile conferences. Plans are 
under way to establish conference facilities and a 
library just south of California's Silicon Valley on 
property which Fry bought for the purpose. Though 
AIM lost out in the recent competition for mathe
matics institute funding from the NSFl, it is pro
ceeding with plans for a "distributed institute", 
which combines talent and resources from nine uni
versities around the country. 

John Fry's family owned a successful chain of 
supermarkets in California. After the family sold 
that chain, Fry and his two brothers started another 
one consisting of stores selling electronics equip
ment. There are now about twenty Fry's Electron
ics stores, mostly in the western states. They sell 
not only off-the-shelf items like computer soft
ware and CD players but also all the component 
parts one would need to build, say, a supercom
puter. Many of the Fry's Electronics stores are dec
orated according to various themes-one is West-

1See "Recompetition of NSF-Funded Mathematics Insti
tutes", Notices, january 1997, pages 33-36. A brief up
date appeared in "NSF-Funded Institutes Recompetition", 
Notices, january 1999, page 54. 

Photographs courtesy of Brian Conrey/AIM. 
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ern, one is made to look like a Mayan temple, one 
draws images from Alice in Wonderland. 

While an undergraduate mathematics major at 
Santa Clara University in the 1970s, Fry considered 
graduate school but opted instead to pursue a ca
reer in business. His love of mathematics and its 
history persisted, and he became an avid collector 
of rare mathematics books. When in the early 
1990s Fry had the idea of establishing a world-class 
mathematics library, he had a natural connection 
in Gerald Alexanderson of Santa Clara University, 
whom Fry knew from his collegiate years. The li
brary idea eventually grew into a plan for a math
ematics institute. Fry also tapped a former class
mate from Santa Clara, J. Brian Conrey, who is 
currently on a five-year leave from Oklahoma State 
University, to serve as director of AIM. Both Alexan
derson and Conrey have been prominent in the U.S. 
mathematical community. Alexanderson has been 
part of the leadership of the Mathematical Asso
ciation of America for many years and in January 
of this year finished a term as MAA president. 
Conrey gained pr01ninence for his accomplish
ments as department chair at Oklahoma State. 

The idea for AIM first took root in 1993, but it 
was not until the summer of 1996 that the Insti
tute drew widespread attention. At the Seattle 
Mathfest that August, AIM, with partial support 
from the NSF and the National Security Agency, 
sponsored a symposium called "In Celebration of 
the Centenary of the Prime Number Theorem: A 
Symposium on the Riemann Hypothesis". The sym
posium's kickoff event, a rare lecture by 1950 
Fields Medalist Atle Selberg, drew an audience 
about five hundred strong. The symposium at-
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tracted world experts in mathematics and theo
retical physics and sparked press coverage in the 
Seattle newspapers and national publications. 

Around that same time, an attempt to establish 
AIM at Stanford University fell through. Comey 
came on board in the fall of 1997, and in Febru
ary of last year AIM set up shop in its current 
headquarters, a 10,000-square-foot space in the 
same building as a Fry's Electronics store in down
town Palo Alto; the space is donated by Fry. There 
are two seminar rooms and fourteen offices for vis
iting mathematicians, whose numbers at any one 
time might range from one or two to half a dozen. 
In the summer of 1998, for example, the offices 
were filled with number theorists, including Peter 
Sarnak of Princeton University, Hemyk Iwaniec 
and William Duke of Rutgers University, Steve 
Gonek of the University of Rochester, Chris Hall 
of IBM, and Gabriel Berger of Boston College. AIM 
paid the researchers' salaries while they were in res
idence. Comey, who is himself a number theorist 
and took part in the research, said the group 
worked incessantly and wrote a number of pa
pers. 

AIM's emphasis on number theory and its spon
sorship of the symposium on the Riemann Hy
pothesis have fueled perceptions that the Institute 
is focused on a somewhat naive attempt to crack 
the Riemann Hypothesis by setting the world's ex
perts to work on it. In fact, AIM has supported re
search in other areas of mathematics, such as 
topology (the Poincare conjecture), analysis and 
partial differential equations (the Lagrangian 
Plateau problem and the 3-dimensional Euler equa
tion), and algebraic K-theory (the Bloch-Kato con
jecture). On the other hand, it is true that AIM's 
basic mode of operation is to bring together high
powered teams of mathematicians focused on spe
cific research projects, pay them well, and expect 
results. "Fry appreciates the intellectual intensity 
of this endeavor, and he wants to support it," Con
rey said. While Fry "would love to have a team of 
researchers funded by AIM solve a big problem," 
Comey explained, Fry also values incremental 
progress. When papers are written by researchers 
supported by AIM, "he can see a direct effect from 
the money that is put into it." Asked whether this 
is a sufficient reward, Comey replied, "For Fry, it 
is." 

AIM's proposal for the NSF institute competition 
outlined a plan for a "distributed institute" made 
up of small research groups at eight universities: 
California Institute of Technology, Oklahoma State 
University, Princeton University, Rice University, 
University of California (San Diego), University of 
Maryland, University of Washington, and Wash
ington University in St. Louis. Each university would 
establish a small group working on a specific 
research problem and arrange reductions in 
the teaching, advising, and committee responsi-
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bilities of the se
nior researchers. 
AIM would pay 
salaries of senior 
visitors, and NSF 
would chip in 
support for 
younger re-
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searchers, post
docs, and gradu
ate students . 
There were also 
plans to bring 
undergraduates, 
high school stu
dents, and teach
ers into the fold 
through appro
priate research 
experiences. A 
project centered 
at Caltech under 
Barry Simon 
would create an 
online mathe
matics encyclo
pedia to be used 
by mathemati
cians. The pro
posal requested 
$13.3 million 
from NSF, with 
$12.0 million 
coming from 
AIM and $7.3 
million from the 
universities. The 
proposal was 
turned down for 
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a couple of rea- David Vogan 
sons, chief Massachusetts Institute of Technology 
among them the 
perception that Karen Vogtmann 
AIM simply Cornell University 
added a layer of 
bureaucracy be-
tween the NSF 
and the mathematics departments of the affili
ated universities. In addition, some referees 
thought the financial commitment from Fry was 
not clearly stated. 

Despite the lack of NSF funding for the proposal, 
the system of AIM affiliates is in place. Comey 
said that AIM plans to submit proposals to the NSF 
for smaller projects; in fact, AIM has already sub
mitted one such proposal prepared jointly with 
Stanford University, which has now joined as an 
AIM affiliate. AIM is currently supporting one of 
the projects which was described in the institute 
proposal and which is centered at Princeton Uni-
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versity. Led by Princeton 
faculty Charles Fefferman, 
Demetrios Christodoulou, 
Sergiu Klainerman, and 
Yakov Sinai, the project also 
includes Alexander 
Shnirelman of Tel Aviv Uni
versity, Peter Constantin of 
the University of Chicago, 
and Diego Cordoba of the 
Institute for Advanced 
Study. The project focuses 
on investigation of singu
larities in the 3-dimensional 
Euler equations. AIM has 
also funded smaller re

J, Brian Conrey, AIM director. search projects at Okla-
homa State and Rice and is 
proceeding with the online 

encyclopedia. In addition to the symposium on 
the Riemann Hypothesis, two other AIM-supported 
conferences have been held: one was a followup 
to the symposium and was held at the Schri:idinger 
Institute in Vienna in September 1998, and the 
other was held in 1997 at Stanford University to 
honor the achievements of Lars Ahlfors, who died 
in 1996. In keeping with Fry's original dream, AIM 
is building a mathematics library, with current 
books and periodicals for use by mathematicians 
and rare books available to scholars in the history 
of mathematics. 

Plans are being developed for the establishment 
of an AIM facility on a 200-acre property in Mor
gan Hill, about twenty miles south of San Jose. The 
county has bought much of the surrounding area 
for parkland and has been putting in walking and 
equestrian trails. AIM's idea is to create in this bu
colic setting a conference center similar to the 

well-known one at Oberwolfach in the Black For
est in Germany. The AIM property has several 
buildings, including one which comprises 40,000 
square feet over two floors and looks out over a 
valley. This building will likely house the dining fa
cilities and the library. There is also an octagonal 
building that would be well suited as a lecture 
hall. Housing for visitors would have to be pur
chased on adjoining lots or constructed. 

The director and a half-time librarian are cur
rently the only AIM employees. Conrey, who re
ceives a six-figure salary from AIM, lives in a house 
in Morgan Hill owned by Fry. The Board of Trustees 
of AIM comprises Alexanderson, Fry, and Stephen 
Sorenson, a director at Fry's Electronics. Scientific 
advice is provided by the AIM Research Board (see 
sidebar). The affiliates are overseen by an Operating 
Board, which, in addition to Sorenson and Conrey, 
consists of representatives from the affiliate in
stitutions. The AIM Advisory Board, which has 
been in place since 1994 and which is currently 
chaired by Keith Devlin of St. Mary's College, pro
vides broad advice on general matters but does not 
take part in the day-to-day functioning of the In
stitute. The AIM Library Board is chaired by R. 
Keith Dennis of Cornell University. AIM does not 
solicit applications from visitors or proposals to 
fund research projects or conferences, but rather 
relies on ideas funneled through the Research 
Board or the Operating Board. Final decisions about 
what to fund are made by the Board of Trustees. 

According to Conrey, AIM does not have a set 
budget, but in the past year it has spent about 
$300,000, all of it donated by Fry. Recently, Soren
son secured a donation from Applied Materials 
Corporation. Conrey intends to do more fundrais
ing for AIM in Silicon Valley. "To make this work, 

we can't just rely on Fry's money," 
he remarked. "I would like to have 
a broad base of support in Silicon 
Valley." The valley, he said, "is un
like anywhere else in the world. Peo
ple just get excited about mathe
matics and technology. People here 
see the value of mathematics re
search." To raise its visibility among 
the general public, AIM is hosting a 
series of public lectures by well
known mathematicians. For exam
ple, in 1996 AIM sponsored such a 
lecture by Peter Hilton on computa
tional complexity, and on March 24 
of this year Andrew Wiles delivered 
one that was cosponsored by AIM 
and Stanford University and that 
was entitled "Fermat's Legacy". 

During the meeting in Seattle 
where the symposium on the Rie
mann Hypothesis was held, AIM or

AIM property in Morgan Hill, CA. ganized a roundtable discussion to 
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collect ideas about things it could do. One of the 
suggestions put forward was that AIM should find 
the best postdoc in mathematics and fund that per
son for five years. "So, AIM did it," Conrey said sim
ply. Karman Soundararajan, a former student of 
Sarnak who had written twelve papers by the time 
he finished his doctorate in 1998, is receiving a five
year AIM fellowship consisting of $48,000 per year, 
plus $4,000 for travel and incidentals. Soundarara
jan spent the first year of the fellowship teaching 
part-time at Princeton. Conrey said he expects 
Soundararajan will spend some time at the AIM 
headquarters in Palo Alto, "but he doesn't have to 
be anywhere in particular." Soundararajan "is a 
unique individual," Conrey remarked. "There are 
a few postdocs who could really benefit from this, 
and he is one of them." Conrey said that AIM may 
award such fellowships once every couple of years. 
No application or nomination procedure is yet in 
place, so AIM will rely on its boards for suggestions. 

The fellowship to Soundararajan demonstrates 
how private funding can bring the flexibility to cap
italize on opportunities. On the other hand, some 
observers worry that this same flexibility means 
that the funding for AIM could dry up quickly, 
should Fry lose interest. Conrey for one is not wor
ried about this prospect. He is looking far into the 
future as he moves ahead with plans for the Mor
gan Hill facility, with its library and conference cen
ter, and for solidifying AIM's standing as an im
portant center for mathematics research. "The 
main goal," he said, "is that, twenty years from now, 
AIM should be here, doing good things." 

-Allyn jackson 
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Number Theory 
Computational 
Perspectives on 
Number Theory 
Proceedings of a 
Conference in Honor of 
A. 0. L. Atkin 
D. A. Buell, Center for Computing 
Sciences, Bowie, MD, and 

J. T. Teitelbaum, University of 
Illinois at Chicago, Editors 
This volume contains papers presented at the conference 
"Computational Perspectives on Number Theory" held at the 
University of Illinois at Chicago in honor of the retirement of 
A. 0. L. Atkin. In keeping with Atkin's interests and work, the 
papers cover a range of topics, including algebraic number 
theory, p -adic modular forms and modular curves. Many of 
the papers reflect Atkin's particular interest in computational 
and algorithmic questions. 
Titles in this series are co-published with International Press, 
Cambridge, MA. 

AMS/IP Studies in Advanced Mathematics, Volume 7; 1998; 232 pages; 
Softcover; ISBN 0-8218-0880-X; List $59; All AMS members $47; Order 
code AMSIP /7NA 

-----~, Reviews in Number 
'(Oiurm~lS 

reviews in 

1Uil8!P. 1B[OP.lt984-96 

Theory 1984-96 
These six volumes include approximately 
20,000 reviews of items in number theory 
that appeared in Mathematical Reviews 
(MR) between 1984 and 1996. This is the 
third such set of volumes in number 
theory: The first was edited by 

J W. J. LeVeque and included reviews 
L------ from 1940-1972; the second was edited 

by R. K. Guy and appeared in 1984. 

With the publication of the new review volumes, readers now 
have available reviews in number theory covering more than 
half a century. 
Volume 1B: 1998; 405 pages; Softcover; ISBN 0-8218-0931-8; List $42; 
Individual member $25; Order code REVNUM/96/1NA 

Volume 2B: 1998; 1055 pages; Softcover; ISBN 0-8218-0932-6; List $107; 
Individual member $64; Order code REVNUM/96/2NA 

Volume 3B: 1998; 452 pages; Softcover; ISBN 0-8218-0933-4; List $42; 
Individual member $25; Order code REVNUM/96/3NA 

Volume 4B: 1998; 606 pages; Softcover; ISBN 0-8218-0935-0; List $62; 
Individual member $37; Order code REVNUM/96/4NA 

Volume 5B: 1998; 764 pages; Softcover; ISBN 0-8218-0936-9; List $78; 
Individual member $47; Order code REVNUM /96/SNA 

Volume 6B: 1998; 1012 pages; Softcover; ISBN 0-8218-0937-7; List $102; 
Individual member $61; Order code REVNUM/96/6NA 

Set: 1998; 4294 pages; 

Softcover; ISBN 0-8218-0848-6; ~->!''"""'''""' AM s 
List $325; Individual member f j""-""g ~ 
$195; Order code ~ • ' ~ 
REVNUM /96NA ·-'8"""'" ,,,.-

AMERICAN MATHEMATICAL SOCIETY 

All prices subject to change. Charges for delivery are $3.00 per order. For optional air 
delivery outside of the continental U.S., please include $6.50 per item. Prepayme11t required. 
Order from: American Mathematical Society, P. 0. Box 5904, Boston, MA 02206-5904, 
USA. For credit card orders, fax 1-401-455-4046 or call toll free 1-800-321-4AMS (4267) in 
the U. 5. and Canada, 1-401-455-4000 worldwide. Or place your order through the AMS 
bookstore at www.ams.org/bookstore/. Residents of Canada, please include 7% CST 
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Fossum and Peterson 
Retire fromAMS Positions 

564 

On February 1, 1999, two long-time AMS leaders 
retired from their Society positions. Robert M. 
Fossum of the University of Illinois at Urbana
Champaign retired after ten years as secretary, 
and Franklin P. Peterson of the Massachusetts In
stitute of Technology retired after twenty-five years 
as treasurer. 

Working in two of the most important posi
tions in the Society, Fossum and Peterson con
tributed much time and hard work to keeping the 
AMS running smoothly. This was not a simple mat
ter of maintaining the status quo: both served dur
ing a period that saw sweeping changes in the So
ciety's traditional fiscal base of scholarly 
publishing, as well as rising expectations about 
what the AMS can do for its members and for the 
broader mathematical community. The long-term 

Enjoying remarks during the AMS banquet are from left 
Franklin Peterson, Donald Lewis, Robert Fossum, Robert 

Daverman, and Robin Fossum. 
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service of Fossum and Peterson was crucial in 
helping the AMS address these new challenges. 

The AMS Banquet held on January 16, 1999, 
during the Joint Mathematics Meetings in San An
tonio was specially dedicated to honoring these 
"two titans," as they were called by Robert Daver
man of the University of Tennessee, who is the new 
secretary of the AMS. During the banquet, Daver
man introduced speakers honoring Fossum, and 
John Franks of Northwestern University, who is the 
new treasurer of the AMS, did the same for Peter
son. The speakers were Bus Jaco of Oklahoma 
State University, Andy Magid of the University of 
Oklahoma, David Sanchez of Texas A&M Univer
sity, and B. A. Taylor of the University of Michigan. 

Magid, who served as associate secretary for the 
Central Section from 1988 to 1996, described the 
first time he attended an AMS meeting in San An
tonio, in January 1976. At the end of the meeting, 
he was with a small group headed for the Univer
sity of Illinois, and they were stranded at the St. 
Louis airport because of a winter storm. Fossum 
led them to the rental car counter, booked a car, 
and got the group home despite the bad weather. 
This was typical of Fossum, Magid said: "He took 
charge, he took risks, and he delivered." 

As secretary, Fossum was deeply involved in a 
wide range of AMS activities: handling appoint
ments for the Society's one hundred-plus com
mittees, overseeing the selection process for prizes, 
preparing agenda and minutes for the Council 
meetings, serving on the Notices Editorial Board, 
to name just a few of his duties. Fossum served as 
secretary during a time that saw the rise of elec
tronic publishing and the World Wide Web, which 
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Frank Peterson reacts to receiving a commemorative chair in recognition of his service to the AMS. Robert Fossum 
also received a chair. 

offered enormous potential benefits, as well as 
substantial risks, for the Society. As Magid put it, 
"Robert's loyal service has been a rock of stability 
on which all this rests." 

No colorless bureaucrat, Fossum had clear opin
ions about how things should be done. One ex
ample may be found in his opinion column "Part
ing Shot," which appeared in the December 1998 
issue of the Notices and which proposes eliminat
ing some of the AMS Policy Committees. Magid 
joked about an alleged incident at an AMS Sectional 
Meeting in Fargo, South Dakota, in which he joined 
a group going out to dinner. The maitre d' turned 
Fossum back at the door for lack of a necktie. Fos
sum went to his car and returned with a jumper 
cable around his neck. The maitre d' relented with 
the quip, "Okay, you can come in, but just don't 
try to start anything." The real joke, says Magid, 
"is the idea that anyone could let Robert in any
where and not expect him to start something." 

The name Franklin Peterson has appeared on 
every AMS check issued in the past twenty-five 
years. As treasurer, Peterson was an ex officio 
member of the Board of Trustees and played an 
especially important role in scrutinizing the Soci
ety's budgets and overseeing its financial man
agement. In recent years, as the skyrocketing stock 
market made risky investments seem attractive, Pe
terson argued strongly for stable, conservative in
vestments of the Society's funds. Much of the 
credit for the healthy financial state of the AMS 
today goes to Peterson. The Society has benefited 
greatly from his long term of service, which has 
brought consistency and institutional memory to 
its financial decisions. 

While his work has focused mostly on fiscal 
matters, Peterson has gone above and beyond the 
call of duty when needed. Once, when a fight was 
brewing between some of the AMS headquarters 
office staff and the Ann Arbor office of Mathe
matical Reviews, Peterson invited the relevant par
ties to lunch at his home and dipped into his leg
endary wine collection. The lunch calmed the 
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waters and defused the 
fight. 

During the banquet, Tay
lor, who serves as AMS as
sociate treasurer, recalled 
that in the inflationary 
1970s the AMS weathered 
a great deal of financial 
hardship. The Board of 
Trustees established an 
"economic stabilization 
fund" for the AMS. Peterson 
oversaw the effort to build 
this fund so that it con
tained one year's operating 
expenses. Taylor also noted 
the increasing size and com
plexity of Peterson's job 
during his twenty-five years 
in office, as the AMS staff 
grew by 50 percent, its rev
enue increased 500 percent, 
and its net assets soared Robert Fossum saying goodbye. 
1400 percent. This "re-
markable stewardship," Taylor said, demonstrates 
Peterson's "unselfish, voluntary leadership focused 
on the goals of the Society." 

The AMS owes an enormous debt of gratitude 
to Robert Fossum and Franklin Peterson, who made 
such generous contributions of time and talent 
on behalf of the Society. 

- Allyn jackson 
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Lovclsz and Stein Share 
1999 Wolf Prize 
in Mathematics 

566 

Laszlo Lovasz Elias M. Stein 

The 1999 Wolf Prize in Mathematics will be shared 
by LA.szL6 LovA.sz "for his outstanding contribu
tions to combinatorics, theoretical computer sci
ence, and combinatorial optimization," and ELIAS 
M. STEIN "for his contributions to classical and Eu
clidean Fourier analysis and for his exceptional im
pact on a new generation of analysts through his 
eloquent teaching and writing." 

The Wolf Prize was established in 1978 by the 
late German-born Ricardo Wolf. A resident of Cuba 
for many years, Wolf served as Fidel Castro's am
bassador to Israel. Later Wolf moved to Israel and 
lived there until his death in 1981. The Israel
based Wolf Foundation administers the prizes, 
which are awarded to outstanding scientists and 
artists for achievement in the interest of mankind 
and friendly relations among peoples. The annual 
prizes of $100,000 in each area are given in four 
out of five scientific fields in rotation: agriculture, 
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chemistry, mathematics, medicine, and physics. 
In the arts, the prize rotates among architecture, 
music, painting, and sculpture. The 1999 Wolf 
Prizes will be conferred by Ezer Weizmann, pres
ident of Israel, at a special ceremony in the Knes
set, or parliament, on May 5, 1999. 

Laszlo Lovasz 
Laszlo Lovasz has obtained ground-breaking re
sults in discrete mathematics that have had sig
nificant applications to other areas of pure and ap
plied mathematics as well as to theoretical 
computer science. He solved several outstanding 
problems, including the perfect graph conjecture, 
Kneser's conjecture, and the determination of the 
Shannon capacity of the pentagon, by introducing 
deep mathematical methods relying on geometric 
polyhedral and topological techniques. His algo
rithmic ideas-including applications of the ellip
soid method in combinatorial optimization, the lat
tice basis reduction algorithm, the matroid parity 
algorithm, and the improved procedures for vol
ume computation-all had profound influence on 
theoretical computer science. Lovasz also con
tributed to the PCP characterization of NP and its 
connection to the hardness of approximation. His 
"Local Lemma" is one of the main early results in 
the development of the probabilistic method. His 
comprehensive books and fascinating lectures 
have stimulated mathematical research around 
the world. 

Laszlo Lovasz was born in 1948 in Budapest, 
Hungary. He received his Dr. Rer. Nat. degree from 
E6tv6s Lorand University in 1971 and his Dr. Math. 
Sci. degree from the Hungarian Academy of 
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Sciences in 1977. He was a professor at Jozsef At
tila University (1978-82) and at E6tv6s Lorand Uni
versity (1983-93) before assuming his present po
sition as professor in the Department of Computer 
Science at Yale University. He received the George 
P6lya Prize of the Society for Industrial and Applied 
Mathematics (1979), the D. Ray Fulkerson Prize of 
the AMS (1982), the State Prize of Hungary (1985), 
the Brouwer Medal of the Dutch Mathematical So
ciety (1993), and the National Order of Merit of Hun
gary (1998). Since 1979 he has been a corre
sponding member of the Hungarian Academy of 
Sciences. 

Elias M. Stein 
Elias M. Stein has made fundamental contribu
tions in mathematical analysis understood in a 
very broad sense. He developed (jointly with 
G. Weiss and C. Fefferman) the theory of Hardy 
spaces in several real variables; in particular, this 
emphasized the role of duality between the Hardy 
spaces and the BMO spaces introduced earlier by 
F. John and L. Nirenberg. In the representation 
theory of Lie groups, Stein discovered, with R. 
Kunze, the so-called Kunze-Stein phenomenon, 
classical by now, regarding harmonic analysis and 
certain nonunitary representations of semisimple 
Lie groups. Stein also made a profound contribu
tion to the a -problem of several complex vari
ables. He is one of the creators of multidimen
sional Euclidean Fourier analysis, having shaped 
classical analysis by recognizing the role of singular 
integrals, Radon transforms, and maximal opera
tors obtained by integration on lower-dimensional 
manifolds in Euclidean spaces. The clarity of his 
expository monographs and the contributions of 
his numerous outstanding students have had a 
deep impact on the development of the field. 

Elias M. Stein was born in 1931 in Belgium. He 
received his B.A. in 1951, his M.A. in 1953, and his 
Ph.D. in 1955, all from the University of Chicago. 
He held positions at the Massachusetts Institute 
of Technology and the University of Chicago be
fore going to Princeton University in 1963, where 
he is currently a professor of mathematics. He 
was a member at the Institute for Advanced Study 
during 1962-63 and 1984- 85. In 1974 Stein was 
elected to the National Academy of Sciences, and 
in 1982 he was elected to the American Academy 
of Arts and Sciences. He received honorary doc
torates from Peking University (1988) and the Uni
versity of Chicago (1992). In 1984 he received from 
the AMS the Steele Prize for Exposition, and in 
1993 he received the Schock Prize of the Swedish 
Academy of Sciences. 

- from Wolf Foundation announcement 
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New in Algebra and 
Algebraic Geometry 

New Directions in 
Dirichlet Forms 
Jiirgen Jost, Max Planck Institute for 
Mathematics, Leipzig, Germany, Wilfrid Kendall, 
University of Warwick, Coventry, England, 
Umberto Mosco, University of Rome "La 
Sapienza", Italy, Michael Rockner, University of 
Bielefeld, Germany, and Kari-Theodor Sturm, 
University of Bonn, Germany 
The theory of Dirichlet forms brings together methods 

and insights from the calculus of variations, stochastic analy· 
sis, partial differential and difference equations, potential theory, 
Riemannian geometry and more. This book features contributions by 
leading experts and provides up-to-date, authoritative accounts on 
exciting developments in the field and on new research perspectives. 
Topics covered include the following: stochastic analysis on configuration 
spaces, specifically a mathematically rigorous approach to the stochastic 
dynamics of Gibbs measures and infinite interacting particle systems; 
subelliptic PDE, homogenization, and fractals; geometric aspects of 
Dirichlet forms on metric spaces and function theory on such spaces; 
generalized harmonic maps as nonlinear analogues of Dirichlet forms, 
with an emphasis on non-locally compact situations; and a stochastic 
approach based on Brownian motion to harmonic maps and their regu-

' larity. 
Various new connections between the topics are featured, and it is 
demonstrated that the theory of Dirichlet forms provides the proper 
framework for exploring these connections. 
Titles in this series are co-published with International Press, Cambridge, 
MA. 
AMS/IP Studies in Advanced Mathematics, Volume 8; 1998; 277 pages; 
Hardcover; ISBN 0-8218-1061·8; List $49; All AMS members $39; Order 
code AMSIP/8NA 

Model Categories 
_! Mark Hovey, Wesleyan University, Middletown, CT 

Model categories are a tool for inverting certain maps in 
a category in a controllable manner. As such, they are 
useful in diverse areas of mathematics. The list of such 

Model areas is continually growing. 
Categories This book is a comprehensive study of the relationship 

Mark Hovey 
between a model category and its homotopy category. 
The author develops the theory of model categories, 
giving a careful development of the main examples. One 
highlight of the theory is a proof that the homotopy 
category of any model category is naturally a closed mod· 

~...._ ____ _J ule over the homotopy category of simplicial sets. 

Little is required of the reader beyond some category theory and set 
theory, making the book accessible to graduate students. The book 
begins with the basic theory of model categories and proceeds to a 
careful exposition of the main examples, using the theory of cofibrantly 
generated model categories. It then develops the general theory more 
fully, showing in particular that the homotopy category of any model 
category is a module over the homotopy category of simplicial sets, in 
an appropriate sense. This leads to a simplification and generalization 
of the loop and suspension functors in the homotopy category of a 
pointed model category. The book concludes with a discussion of the 
stable case, where the homotopy category is triangulated in a strong 
sense and has a set of small weak generators. 
Mathematical Surveys and Monographs, Volume 63; 1999; 207 pages; 
Hardcover; ISBN 0·8218·1359-5; List $54; Individual member $32; Order 
code SURV/63NA 

All prices subject to change. Charges for delivery are $3.00 per order. For optional air delivery outside of the 
continental U. S., please include $6.50 per item. Prepayment required. Order from: American Mathematical 
Society, P. 0. Box 5904, Boston. MA 02206-5904, USA. For credit card orders, fax 1-401-455-4046 or call toll 
free 1·800·321·4AMS (4267) in the U.S. and Canada, 1-401-455-4000 worldwide. Or place your order through 
the AMS bookstore at www.ams.org/bookstore/. Residents of Canada, please include 7% GST. 
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]PBMAwards Presented 
in San Antonio 

568 

The Joint Policy Board for Mathematics (JPBM) 
Communications Award was established in 1988 
to reward and encourage journalists and other 
communicators who, on a sustained basis, bring 
accurate mathematical information to nonmathe
matical audiences. Any person is eligible as long 
as that person's work communicates primarily 
with nonmathematical audiences. The lifetime 
award recognizes a significant contribution or ac
cumulated contributions to public understanding 
of mathematics. 

At the Joint Mathematics Meetings in San An
tonio in January 1999, the 1999 JPBM Communi
cations Award was presented to IAN STEWART. Below 
is the award citation, a biographical sketch, and 
Stewart's response upon receiving the award. This 
is followed by information about a JPBM Special 
Communications Award presented to JoHN LYNCH 
and SIMON SINGH. 

Citation 
The 1999 JPBM Communications Award is given to 
Ian Stewart of the University of Warwick. For more 
than twenty years Ian Stewart has communicated 
the excitement of science and mathematics to mil
lions of people around the world. 

He has written more than a dozen expository 
and popular books on mathematics, including The 
Problems of Mathematics, Does God Play Dice?, 

Fearful Symmetry (with M. 
Golubitsky), Nature's Num
bers, The Magical Maze, and 
Life's Other Secret. (One of 
these has been translated into 
at least fourteen different lan
guages, and all of them have 
been translated into several.) 
He has written more than two 
hundred expository articles, 
appeared in more than two 
hundred television and radio 
shows, delivered dozens of 
popular lectures (including 
the BBC-TV Christmas Lec
tures in 1997), and written 
hundreds of columns on 
mathematics in Scientific 
American, Pour La Science, 

lan Stewart and Nature. 
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The sheer volume of this work is staggering, but 
the quality is spectacular as well. With clarity and 
humor, Ian Stewart explains everything from num
ber theory to fractals, from Euclidean geometry to 
fluid dynamics, from game theory to foundations. 
He conveys both the beauty and the utility of math
ematics in a way seldom achieved by a single au
thor, and he does so with charm and eloquence. 

Biographical Sketch 
Ian Stewart was born in 1945, did his undergrad
uate degree at Cambridge, and his Ph.D. at Warwick. 
He is now a professor at Warwick University and 
director of the Mathematics Awareness Centre at 
Warwick. He has held visiting positions in Ger
many, New Zealand, Connecticut, and Texas. He has 
published over 120 papers. His present field is 
the effects of symmetry on nonlinear dynamics, 
with applications to animal locomotion, fluid dy
namics, mathematical biology, electronic circuits, 
and intelligent control of spring coiling machines. 
He takes a particular interest in problems that lie 
in the gaps between pure and applied mathemat
ics. He is the author of several research texts, in
cluding Singularities and Groups in Bifurcation 
Theory (with Martin Golubitsky and David 
Schaeffer) and Catastrophe Theory and Its Appli
cations (with Tim Poston). 

Among the general public he is well known for 
his popular science writing on mathematical 
themes and for frequent appearances on UK radio 
and television. In 1995 he was awarded the Royal 
Society's Michael Faraday Medal for furthering the 
public understanding of science. He has written nu
merous popular books on mathematics, one of 
which, Nature's Numbers, was shortlisted for the 
1996 Rhone-Poulenc Prize for Science Books. He 
delivered the 1997 Royal Institution Christmas 
Lectures in the UK, televised by the BBC. He is the 
mathematics consultant for New Scientist and 
writes the monthly "Mathematical Recreations" 
column in Scientific American. 

Response 
Ever since I was an undergraduate I have found my
self involved in various aspects of the communi
cation of mathematics. It all began with student 
mathematical society magazines, and it grew from 
there. I did it because I enjoyed mathematics and 
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because I thought other people might enjoy the 
subject too-if only somebody would bother to tell 
them what was happening in an accessible man
ner. When I started it never occurred to me that 
such activities could ever become more than a 
hobby, but they seem to have taken on a life of their 
own, to such an extent that Warwick University has 
formalized them with the creation of a small cen
tre, the Mathematics Awareness Centre at War
wick (MAC@W). 

I feel extremely honored to receive the JPBM 
Communications Award for mathematics. It is es
pecially gratifying that the award comes from my 
peers-from an alliance of mathematicians of all 
kinds, be they teachers, researchers, or both. 
Rightly or wrongly, I take this as a sign that com
municating mathematics to the public is now 
viewed as an acceptable activity for an academic 
rather than as a feeble substitute for serious re
search, and I am sure that trend will continue. Of 
course, it is important that enough communicators 
should know from personal experience what it is 
like to do serious research and stay in contact 
with the research frontiers. That way, they have 
something valuable to communicate. 

A number of friends and colleagues have exerted 
a substantial influence on my career, and this is a 
good opportunity to thank a few of them. My ex
boss, Sir Christopher Zeeman, actively encouraged 
and promoted my extracurricular activities for 
thirty years- and still does. Tim Poston awoke my 
dormant interest in the applications of mathe
matics, and Marty Golubitsky caused a major 
change in my research area by opening my eyes to 
the attractive combination of classical symmetry 
and modern nonlinear dynamics, a field we have 
both been milking assiduously ever since. Jack 
Cohen, the other member of MAC@W and a re
productive biologist, walked into my office one 
day with fascinating questions about the nature of 
physical laws, how living organisms could function 
in a chaotic world, and the workings of the human 
mind, completely changing my view of the relations 
between science, mathematics, nature, and hu
manity. Three successive vice-chancellors at 
Warwick University had the imagination to see the 
advantages of communicating mathematics to the 
public, long before most other institutions did, 
and in various ways made my life a lot easier than 
they might have done. In particular, Sir Brian Follett, 
the present vice-chancellor, has gone out of his 
way to smooth the path for me on many occasions. 

Above all, I want to thank my wife, Avril, and 
my sons, James and Christopher, for their toler
ance, understanding, and support when I kept dis
appearing into the study to pound the keyboard. 

Special Communications Award 
The selection committee of the JPBM Communi
cations Award made a special award in 1999 to rec-
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ognize the exceptional contributions 
to public understanding of mathe
matics by John Lynch and Simon 
Singh for their documentary on An
drew Wiles and the Fermat Conjec
ture, entitled "Fermat's Last Theo
rem" (shown on NOVA as "The 
Proof"). 

The citation for the award says: 
"The achievement of Andrew Wiles in 
settling a 300-year-old conjecture 
captured the public's imagination. 
Nonetheless, while many people un-
derstood the statement of the Fermat 
Conjecture, few understood the 
process by which it was settled. For 
most people, what mathematicians 
do remains a mystery. In a remark
able documentary, John Lynch and 
Simon Singh used Wiles and his proof 
to explain the mystery of mathe
maticians. Their work conveys the 
excitement, the disappointments, 
and the passion of research mathe
matics. It helps to explain the depth 
of mathematics research and at the 
same time shows its human side. It 
is an engaging account of the process 
of mathematical research that is both 
accurate and illuminating. The importance of this 
work on the public is best explained by a phrase 
mathematicians often heard from friends and fam
ily after viewing the documentary: 'At last, I un
derstand what makes mathematics so exciting."' 

John Lynch joined BBC Science Television in 
1976 as the researcher for James Burke's classic 
series on the history of technology, Connections. 
As a BBC Science producer and director he co-pro
duced Burke's next series, The Day the Universe 
Changed, and made fourteen Horizon documen
taries. In 1994 he was appointed editor of the Hori
zon series, which is regarded as a world leader in 
science documentary. At the beginning of 1998 he 
also became deputy head of BBC Science and is re
sponsible for all BBC Science documentary pro
grams. 

Simon Singh completed his Ph.D. in particle 
physics at the University of Cambridge, conduct
ing much of his research at the European Center 
for Particle Physics (CERN) in Geneva. In 1990 he 
joined the BBC's science department. In 1997 he 
wrote a popular account of Fermat's Last Theorem, 
entitled Fermat's Enigma. Since then he has been 
working as a freelance journalist, writing for news
papers and magazines such as The New York Times 
and Scientific American. He is currently working 
on his second book, a history of codes and ciphers 
from Julius Caesar to quantum cryptography. 
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A WM Prizes Presented 
in San Antonio 

570 

The Association for Women in Mathematics (A WM) 
presented two prizes at the Joint Mathematics 
Meetings in San Antonio in January 1999. 

Hay Award for Contributions to 
Mathematics Education 
In 1990 the Executive Committee of the A WM es
tablished the annual Louise Hay Award for Con
tributions to Mathematics Education. The purpose 
of this award is to recognize outstanding achieve
ments in any area of mathematics education, to be 
interpreted in the broadest possible sense. The 
award honors the memory of Louise Hay, head of 
the Department of Mathematics, Statistics, and 
Computer Science at the University of Illinois at 
Chicago. 

The 1999 recipient of the Hay Award is 
MARTHA K. SMITH of the University of Texas at Austin. 
"Ten years ago, when the Texas legislature abol
ished mathematics education degrees, the re
sponsibility for preparing Texas mathematics 
teachers was given to mathematics departments 
across the state-at Austin, Martha Smith assumed 
this responsibility," the award citation says. 
"Throughout her career, Professor Smith has zeal
ously pursued excellence in teaching, experi
menting with different teaching methods and in
corporating technology, group work, and 
significant writing projects into her undergradu
ate teaching long before these became fashion
able." She has received several other awards for her 
teaching, including her department's Teaching Ex
cellence Award in 1993. She has developed and 
taught teacher preparation courses, organized 
summer institutes for secondary school teachers, 
and developed communication networks for pre
service and practicing teachers. She is also a re
spected mathematical scholar in the area of non-
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commutative algebra and has been active in en
couraging the participation of women in mathe
matics. 

Schafer Prize 
In 1990 the Executive Committee of the AWM es
tablished the annual Alice T. Schafer Prize to rec
ognize achievement in mathematics by an under
graduate woman. The prize is named for former 
A WM president and one of its founding members, 
Alice T. Schafer (professor emerita from Wellesley 
College), who has contributed a great deal to 
women in mathematics throughout her career. 

The 1999 Schafer prize was presented to CAR
OLINE]. KuvANS of Cornell University. A senior, Kli
vans distinguished herself in her sophomore and 
junior years in classes mostly populated by upper
division students and graduate students. She was 
accepted in the Research Experiences for Under
graduates (REU) program at Rutgers University, 
and while there "she 'astounded' the faculty by 'her 
ability to assimilate new material and then take it 
one step further,"' the prize citation says. She in
vigorated the undergraduate Math Club at Cornell 
and also organized trips to attend AMS meetings 
and the spring Bourbaki Seminar in Paris. "Not 
only do predictions converge on Ms. Klivans' fu
ture as a mathematical'leader at a national level,"' 
the citation says, "they also acknowledge her 
uniqueness as a 'wonderful role model for young 
women in mathematics."' 

There were also four Honorable Mentions for the 
Schafer Prize: LAuRA CIOBANU, Franklin & Marshall 
College; CATHERINE S. GRAsso, University of Michigan; 
AMANDA MuELLER, University of Notre Dame; and 
SuzANNE SHONTZ, University of Northern Iowa. 

-from AlVM announcements 
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MAAPrizes Presented 
in San Antonio 

The Mathematical Association of America (MAA) 
presented a number of awards during the Joint 
Mathematics Meetings held in San Antonio in Jan
uary 1999. 

Gung-Hu Award for Distinguished Service 
to Mathematics 
The Yueh-Gin Gung and Dr. Charles Y. Hu Award 
for Distinguished Service to Mathematics is the 
most prestigious award presented by the MAA. 
This award, first given in 1990, is the successor to 
the Award for Distinguished Service to Mathe
matics, awarded since 1962, and has been made 
possible by the late Charles Y. Hu and his wife, 
Yueh-Gin Gung. It is worth noting that Hu was not 
a mathematician, but a retired professor of geol
ogy at the University of Maryland. He had such 
strong feelings about the basic nature of mathe
matics and its importance in all human endeavors 
that he felt impelled to contribute generously to 
the discipline. 

The 1999 Gung-Hu Award was presented to 
LEONARD GILLMAN. "Leonard Gillman has made out
standing contributions to our profession through
out his long career," the citation says. "Especially 
memorable is his leadership as MAA treasurer 
from 1973 to 1986, including the time of the move 
of the MAA headquarters to the present Washing
ton, DC, location and his MAA presidency in 
1987- 88." 

Gillman received degrees in mathematics from 
Columbia University and a diploma (fellow in piano, 
1933- 38) from the Juilliard Graduate School. He 
held positions at the Massachusetts Institute of 
Technology, Purdue University, and the University 
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of Rochester before moving in 1969 to the Uni
versity of Texas at Austin, from which he retired 
in 1987. Gillman "inspired generations of students 
and young instructors, many of whom are active 
leaders in the MAA," the citation notes. "In addi
tion to his mathematical leadership, we recognize 
him for his musicianship, recalling in particular his 
superb and very popular concerts at our national 
meetings." 

Haimo Awards for Distinguished Teaching 
In 1991 the MAA instituted Awards for Distin
guished College or University Teaching of Mathe
matics in order to honor teachers who have been 
widely recognized as extraordinarily successful 
and whose teaching effectiveness has been shown 
to have had influence beyond their own institu
tions. In 1993 the MAA Board of Governors re
named the award as the Deborah and Franklin 
Tepper Raimo Awards for Distinguished College 
or University Teaching of Mathematics. Deborah 
Tepper Raimo was president of the MAA, 1991-92. 

There were three recipients of the 1999 Raimo 
Awards. JOEL V. BRAWLEY of Clemson University "is 
the epitome of what an ideal faculty member 
should be" the citation for his award says. "He ex
cels at all things one likes to see in faculty mem
bers, does so with cheer and flair, and does so 
solely because he believes that is what 'professor' 
really means. In particular, however, and most ger
mane to this award, he is an outstanding teacher, 
and this statement applies to his teaching of un
dergraduate mathematics, graduate mathematics, 
his mentoring of Ph.D. students (he has super
vised the research of 27 M.S. students and 5 Ph.D. 
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students), or teaching teachers." Brawley has re
ceived a number of awards for outstanding teach
ing from Clemson University. 

RoBERT W. CASE of Northeastern University re
ceived the Raimo Award for distinguished teach
ing going back to the 1970s. "A constant theme in 
Professor Case's teaching is that mathematics 
learning must be student-centered rather than in
structor-centered," the citation for his award says. 
"It is in linking the University to the inner city that 
Professor Case has made his most distinctive and 
far-reaching contribution, one with national im
plications." His work with schools, teachers, and 
students had led to the design and implementa
tion of a program for introducing state-of-the-art 
calculus courses in Boston schools that have until 
now offered no calculus whatsoever. "Half the 
Boston schools that did not offer calculus now 
do," the citation notes. Case has received recog
nition for his teaching from Northeastern Univer
sity as well as from the state of Massachusetts. 

The Raimo Award citation for joAN P. HuTCHIN
soN of Macalester College states: "In the classroom, 
Professor Hutchinson is recognized for her un
usually diligent preparation, her clarity and sense 
of pace, and her infectious vitality and enthusiasm." 
The citation also notes that she has developed her 
research interests so as to connect with her stu
dents. "For many research mathematicians-and 
Professor Hutchinson is a distinguished one
there are few direct connections between their 
teaching and research activities, but she has made 
a highly successful effort to weave the two to
gether. She firmly believes that, in order to be a suc
cessful teacher, 'involvement in research or schol
arly work and writing is very important so that one 
has something new and exciting to talk about."' 
Hutchinson has delivered many invited addresses 
in meetings all over the world, including special
ized graph theory meetings and meetings of the 
AMS, the MAA, and the Society for Industrial and 
Applied Mathematics. 

Chauvenet Prize 
The Chauvenet Prize for expository writing, first 
awarded in 1925 to Gilbert Bliss of the University 
of Chicago, is given for an outstanding expository 
article on a mathematical topic by a member of the 
MAA. The prize is named for William Chauvenet, 
a professor of mathematics at the United States 
Naval Academy. It was established through a gift 
in 1925 from J. L. Coolidge, then MAA president. 

The Chauvenet Prize for 1999 was presented to 
MICHAEL I. RosEN of Brown University for his article 
"Niels Hendrik Abel and Equations of the Fifth De
gree", American Mathematical Monthly, 1995, pp. 
495-505. "Michael I. Rosen treats us to a mathe
matical journey tracing the historical development 
of the fascinating proof that a general fifth-de
gree polynomial cannot be solved in radicals," the 
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citation says. While it is well known that Abel was 
the first to produce a proof, present day proofs use 
the method of Galois, which was not available to 
Abel. How did Abel do it? "To answer this, I trav
elled back in time and read Abel's original pa
pers," Rosen said in his response upon receiving 
the prize. "It was a fascinating journey, and I wrote 
up some observations on my time travel for the 
Monthly." 

Certificates of Meritorious Service 
The Certificates of Meritorious Service are pre
sented for service to the MAA at the national level 
or for service to a section of the Association. The 
first such awards were made in 1984. At each Jan
uary meeting of the MAA, honorees from roughly 
six sections are recognized. At the San Antonio 
meeting in 1999 the following individuals were 
honored: BILLY E. RHOADES of Indiana University, 
Bloomington (Indiana Section); CHARLES ALEXANDER 
of the University of Mississippi (Louisiana-Missis
sippi Section); RANDALL HECKMAN of the University 
of Nebraska-Kearney (Nebraska-Southeast South 
Dakota Section); DAVID KULlMAN of Miami University, 
Oxford, Ohio (Ohio Section); and MARCELLUS WAD
DILL of Wake Forest University (Southeastern Sec
tion). 

-from MAA announcements 
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Mathematics People 

Louis Nirenberg: National 
Medal of Science 

An article in the March 1999 
issue of the Notices announcing 
the presentation of the National 
Medal of Science to Cathleen 
Morawetz contained a list of the 
mathematicians who have re
ceived the medal in the past five 
years. The list omitted Louis 
Nirenberg. The correct list isS.
T. Yau (1997), Richard Karp 
(1996), Stephen Smale (1996), 
Louis Nirenberg (1995), and 
Martin Kruskal (1994). 

The award to Nirenberg oc
Louis Nirenberg curred about the time of the 

transition to the new format of 
the Notices, and the Notices failed to announce the award. 
Nirenberg was cited by President Clinton for having done 
"research on partial differential equations and related 
parts of analysis, developed intricate interactions between 
mathematical analysis, differential geometry, and com
plex analysis, and applied them to fluid flow concepts and 
other physical phenomena." Nirenberg received the AMS 
Steele Prize for Lifetime Achievement in 1994, and the 
prize citation and a biographical sketch may be found in 
the October 1994 issue of the Notices, pages 910- 912. 

-Allyn jackson 

D'Angelo Receives 1999 
Bergman Prize 

JoHN P. D'ANGELO has been 
awarded the Stefan Bergman 
Prize for 1999. The prize, es
tablished in 1988, recognizes 
mathematical accomplishments 
in the areas of research in which 
Stefan Bergman worked. 

The previous Bergman Prize 
winners are: David W. Catlin 
(1989), Steven Bell and Ewa 
Ligocka (1991), Charles Feffer
man (1992), Yum Tong Siu 
(1993), Jon Erik Fornaess (1994), 
Harold P. Boas and Emil J. 

john P. D'Angelo Straube (1995), and David E. Bar
rett and Michael Christ (1997). 
On the selection committee for 

the 1999 award were Frederick Gehring,].]. Kohn (chair), 
and Yum Tong Siu. 

Citation 
John P. D'Angelo's remarkable geometric insight has led 
him to make several spectacular contributions to complex 
analysis. His study of boundaries of weakly pseudoconvex 
domains, which resulted in a deep understanding of points 
of finite D'Angelo type, uses completely original tech
niques that are a mixture of real and complex geometry. 
This work has led to spectacular progress in the study of 
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Mathematics People 

holomorphic functions on such domains, and it enabled 
David Catlin to prove regularity estimates for the a-Neu
mann problem, the Bergman projection, and related oper
ators. Basically one is dealing with a system of second-order 
equations whose symbol degenerates, and it is D'Angelo's 
insight into how to deal with the degeneracies that led to 
fundamental existence and regularity results. 

His work on holomorphic and rational mappings again 
shows his insight, accompanied by a powerful technique. 
Recently he has written, jointly with David Catlin, a series 
of highly original papers generalizing Hilbert's 17th prob
lem (expressing functions as sums of squares) which uses 
the theory of the Bergman kernel function in an essential 
way. D'Angelo has made many other contributions to the 
theory of several complex variables, many of them closely 
related to the study of the Bergman projection. 

Biography 
John P. D'Angelo was born March 5, 1951, in Philadelphia. 
He received his B.A. from the University of Pennsylvania 
in 1972 and his Ph.D. from Princeton University in 1976. 
Joseph]. Kohn directed his Ph.D. thesis, which was titled 
"Real hypersurfaces with degenerate Levi form". D'Angelo 
was a Moore Instructor at the Massachusetts Institute of 
Technology from 1976 to 1978, became an assistant pro
fessor at the University of Illinois in 1978, and was pro
moted to his current position of professor in 1986. He has 
held visiting appointments at the Institute for Advanced 
Study, Princeton University, the Institut Mittag-Leffler, 
Washington University in St. Louis, and the Mathematical 
Sciences Research Institute. He and his wife, Annette, have 
two children. 

About the Prize 
The Bergman Prize honors the memory of Stefan Bergman, 
best known for his research in several complex variables, 
as well as the Bergman projection and the Bergman kernel 
function, which bear his name. A native of Poland, he 
taught at Stanford University for many years and died in 
1977 at the age of eighty-two. He was an AMS member for 
thirty-five years. When his wife died, the terms of her will 
stipulated that funds should go toward a special prize in 
her husband's honor. 

The AMS was asked by Wells Fargo Bank of California, 
the managers of the Bergman Trust, to assemble a com
mittee to select recipients of the prize. In addition, the So
ciety assisted Wells Fargo in interpreting the terms of the 
will to assure sufficient breadth in the mathematical areas 
in which the prize may be given. Awards are made every 
year in the following areas: (1) the theory of the kernel func
tion and its applications in real and complex analysis and 
(2) function-theoretic methods in the theory of partial dif
ferential equations of elliptic type with attention to 
Bergman's operator method. 

-Allyn Jackson 

Stewart Awarded Bauer Prize 
GILBERT W. STEWART of the University of Maryland has been 
awarded the F. L. Bauer Prize of the Technical University 
of Munich. Stewart, who is a faculty appointee in the Math
ematical and Computational Sciences Division of the In
formation Technology Laboratory at the National Institute 
of Standards and Technology, was honored for lifetime 
achievements in the field of numerical linear algebra. He 
received an award of 50,000 German marks (about $30,000) 
and delivered a lecture at the Technical University of Mu
nich. 

The Bauer Prize was established in honor of Fritz Bauer, 
a computer scientist and numerical analyst who was in
strumental in building the discipline of computer science 
in Germany. 

-From a NIST announcement 

Presidential Early Career 
Awards Announced 
Sixty young researchers have been chosen to receive the 
third annual Presidential Early Career Awards for Scientists 
and Engineers. This award is the highest honor bestowed 
by the U.S. government on outstanding young scientists, 
mathematicians, and engineers who are in the early stages 
of establishing their independent research careers. 

The recipients were selected from nominations made by 
nine participating federal agencies. Each recipient receives 
a five-year grant of up to $500,000 to further his or her re
search and educational efforts. 

Two of the awardees work in the mathematical sciences. 
ALEXANDER BARVINOK of the University of Michigan, Ann 
Arbor, was one of twenty recipients nominated by the 
Mathematics and Physical Sciences Directorate of the Na
tional Science Foundation. He was honored for original 
applications of geometric combinatorics to optimization 
and algorithmic problems and for developing a series of 
undergraduate courses on related topics. ANTHONY]. KEARs
LEY of the Information Technology Laboratory at the Na
tional Institute of Standards and Technology was nominated 
by the Department of Commerce; his research interests in
clude optimization, inverse problems, and optimal control. 

-Elaine Kehoe 

Adler and Jackiw Receive Dirac 
Medals 
The International Center for Theoretical Physics (ICTP) in 
Trieste, Italy, has awarded the 1998 Dirac Medals to STEPHEN 
ADLER of the Institute for Advanced Study and RoMAN JAcKIW 
of the Massachusetts Institute of Technology. 

According to the award citation, "both Adler and Jackiw 
have been leaders in the sophisticated use of quantum 
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field theory to illuminate physical problems. The deriva
tion by Adler (and, independently, Weisberger) of a sum 
rule for pion-nucleon scattering marked a breakthrough in 
our understanding of the currents and broken symmetries 
of the strong interactions. Jackiw made a major contribu
tion to field theories relevant to condensed matter physics 
in his discovery (with Rebbi) of fractional charge and spin 
in these theories. The paths of Adler and Jackiw (with Bell) 
crossed in what may be their most important discovery: 
the celebrated triangle anomaly, one of the most profound 
examples of the relevance of quantum field theory to the 
real world." 

The Paul Adrien Maurice Dirac medal was instituted in 
1985 to recognize outstanding contributions to theoreti
cal physics and mathematics. The awards are announced 
yearly on August 8, P. AM. Dirac's birthday. The prize car
ries a cash award of $5,000. 

An international committee of distinguished scientists 
selects the winners from among nominated candidates. The 
committee invites nominations from anyone working in the 
areas of theoretical physics or mathematics. (The Dirac 
Medal is not awarded to Nobel Prize or Wolf Foundation 
Prize winners.) For more information, consult the ICTP 
Web site, http: I /www. i ctp. trieste. it/. 

-From an ICTP announcement 

Deaths 
FELIX R. ALBRECHT, professor emeritus at the University of 
Illinois at Urbana-Champaign, died on December 4, 1998. 
Born on April 19, 1926, he was a member of the Society 
for 33 years. 

DuANE W. BAILEY, professor at Amherst College, Massa
chusetts, died on October 27, 1998. Born on September 22, 
1936, he was a member of the Society for 38 years. 

]OHN DAVID CRAWFORD, associate professor at the Uni
versity of Pittsburgh, Pennsylvania, died in August 1998. 
Born on February 16, 1954, he was a member of the Soci
ety for 16 years. 

ANDREJS DUNKELS, associate professor at Lulea University 
of Technology, Sweden, died on December 30, 1998. Born 
on October 15, 1939, he was a member of the Society for 
6 months. 

MosHE FLATO, professor at the Universite of Bourgogne, 
Dijon, France, died on November 27, 1998. Born in 1937, 
he was a member of the Society for 3 years. 

KENKICHI lwASAWA, of Tokyo, Japan, died on October 26, 
1998. Born on September 11, 1917, he was a member of 
the Society for 47 years. He received the Cole Prize from 
the AMS in 1962. 

L. CLARK LAY, professor emeritus at California State Uni
versity, Fullerton, died on October 3, 1998. He was a mem
ber of the Society for 45 years. 

M. M. LESOKHIN, professor at St. Petersburg St. Tech. Uni
versity, Russia, died in June 1998. Born on August 13, 
1933, she was a member of the Society for 12 years. 

Mathematics People 

]AMEs MELLENDER of Rochester, New York, died on June 14, 
1998. Born on December 29, 1942, he was a member of the 
Society for 34 years. 

EDWIN E. MoisE, professor emeritus at Queens College, 
CUNY, died on December 2 5, 1998. Born in December 1918, 
he was a member of the Society for 54 years. 

ANATOLII P. PRUDNIKOV, of the Computer Center, Russian 
Academy of Sciences, Moscow, died on January 10, 1999. 
He was a member of the Society for 5 years. 

MAxwELL RoSENUCHT, professor emeritus at the University 
of California, Berkeley, died on January 21, 1999. Born on 
April15,1924, he was a member of the Society for 52 years. 
He received the Cole Prize from the AMS in 1960. 

SISTER M. HELEN SULLIVAN, retired from Benedictine College, 
Atchison, Kansas, died on December 22, 1998. Born on April 
10, 1907, she was a member of the Society for 61 years. 

BELA Sz6KEFALVI-NAGY, professor at the University of 
Szeged, Bolyai Institute, Hungary, died on December 21, 
1998. Born on July 29, 1913, he was a member of the So
ciety for 19 years. 

VICTOR TWERSKY, professor emeritus of the University of 
Illinois at Chicago, died on November 17, 1998. Born on 
August 10, 1923, he was a member of the Society for 37 
years. 
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Mathematics Opportunities 

NSF Announces Program for 
Graduate Teaching Fellows 
The National Science Foundation (NSF) has announced a new 
educational program that will enable talented graduate 
students and advanced undergraduates to serve as teach
ing fellows in science, mathematics, and technology in 
kindergartens and elementary and high schools. The fel
lows will serve as resources for teachers in science and 
mathematics, with the goals of improving their own com
munication and teaching skills, emiching the learning of 
K-12 students, providing opportunities for professional de
velopment for K -12 teachers, and strengthening partner
ships between institutions of higher education and local 
school districts. 

Academic institutions in the United States and its ter
ritories that offer graduate degrees in science, mathemat
ics, engineering, and technological fields are eligible to 
apply for two- to three-year awards of $200,000 to $500,000 
per year. The institutions will be responsible for selecting 
the fellows to participate in the program. Projects that in
volve more than one U.S. institution are eligible, but a sin
gle institution must accept overall management responsi
bility. Collaborating institutions may include industries, 
nonprofit institutions, museums, and other nonacademic 
as well as academic institutions. 

Inquiries may be directed to Henry Blount, Directorate 
for Mathematical and Physical Sciences, NSF; telephone 
703-306-1946; e-mail: hblount@nsf.gov. 

The deadline for proposals is May 5, 1999. For more in
formation, see the program announcement (NSF 99-75), 
available in electronic form only via the NSF home page at 
http://www.nsf.gov/. 

-From NSF announcement 

TravelGrantsforVVornen 
The National Science Foundation (NSF) and the Association 
for Women in Mathematics (AWM) sponsor a travel grant 
program to enable women to attend research conferences 
in their fields, thereby providing scholars valuable oppor
tunities to advance their research activities and their vis
ibility in the research community. The grants provide full 
or partial support for travel and subsistence for a meet
ing or conference in the applicant's field of specialization. 
Maximum grants of $1,000 for domestic travel and $2,000 
for foreign travel are available. For foreign travel, U.S. car
riers must be used whenever possible. 

These travel funds are provided by the Division of Math
ematical Sciences (DMS) of the NSF, and the research con
ference attended must be in an area supported by DMS. For 
example, this includes certain areas of statistics, but ex
cludes most mathematics education and history of math
ematics. An applicant must be a woman holding a doctorate 
(or equivalent experience) and with a work address in the 
United States (or home address, in the case of unemployed 
mathematicians). Anyone who has been awarded an AWM
NSF travel grant in the past two years or who has other 
sources of external funding, such as any type of NSF grant, 
is ineligible. Partial support from the applicant's institu
tion or from a nongovernmental agency does not, however, 
make the applicant ineligible. 

The final deadline for the 1999 program is October 1, 
1999. Application materials should be sent to the Travel 
Grant Selection Committee, Association for Women in 
Mathematics, 4114 Computer and Space Sciences Building, 
University of Maryland, College Park, Maryland 20742-
2461. For further information and details on applying, 
see the AWM Web site, http: I /www. awm-math. org/ 
travel grants. html; or telephone 301-405-7892; or send 
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e-mail to awm@math. umd. edu. Applications via e-mail or fax 
are not acceptable. 

-From an A WM announcement 

News from the Banach Center 
The Institute of Mathematics of the Polish Academy of Sci
ences has issued a call for proposals to organize scientific 
meetings in mathematics and applied mathematics at the 
Stefan Banach International Mathematical Center in War
saw, Poland, for the years 2000-2001. Proposals for inter
disciplinary meetings related to mathematics are particu
larly welcome. 

A proposed meeting could take the form of a semester 
or minisemester, a conference or workshop, or an inten
sive school for graduate students. Essential financial sup
port will be provided by the Banach Center; independent 
sources may provide additional funding. 

The deadline for proposals is April16, 1999. The Sci
entific Council of the Banach Center, chaired by Friedrich 
Hirzebruch, will begin considering proposals early in May. 

The Banach Center is also organizing research groups 
for approximately two to fifteen mathematicians who wish 
to work together in a particular research subject area. 
Lodging, office, and library facilities will be available, and 
some support for living expenses will be offered. These 
groups are proposed to take place during periods not set 
aside for larger symposia or conferences. The periods will 
be listed separately for each year; contact the Banach Cen
ter at the address below for periods currently available. Pro
posals can be submitted to the Banach Center at any time, 
preferably six months before the beginning of the pro
posed activity. 

Additional information, including the procedure for fil
ing proposals, can be obtained on the World Wide Web at 
http: I lwww. i mpan. gov. p 1 IWWWIBCI or from the Secre
tary, Banach Center, Mokotowska 25, P. 0. Box 137,00-950 
Warsaw, Poland; telephone +(48 22) 628-0192; fax +(48 
22) 622-5750; e-mail: offi ce@banach. i mpan. gov. pl. 

-From Banach Center announcements 

NIST Postdoctoral Research 
Associateships Program 
The NISTINRC Postdoctoral Research Associateships Pro
gram, administered by the National Institute of Standards 
and Technology (NIST) of the U.S. Department of Com
merce and the National Research Council (NRC), provides 
two-year temporary appointments for outstanding scien
tists and engineers chosen through a national competition 
administered by the NRC. These appointments provide an 
opportunity for the nation's best scientists, mathematicians, 
and engineers to engage in state-of-the-art research with 
senior research specialists on the NIST staff. 

Mathematics Opportunities 

Research associateships are awarded only to U.S. citizens 
who have held a doctorate for less than five years at the 
time of application. Associates are appointed for a two-year 
term and are considered to be employees of the U.S. Gov
ernment. The annual base salary is $48,500, and various 
benefits are included. Costs of relocation to the duty sta
tion within the United States are provided within the al
lowances prescribed by law. 

Approximately forty new awards are made each year. The 
deadline for applications is January 15 of each year. Fur
ther information may be obtained from the NIST Web site, 
http: I lwww. ni st. gov loi aalpostdoc. htm, or by con
tacting Joy Brooks, Information Specialist, NIST, telephone 
301-975-3071; or Jack]. Hsia, Chief of Academic Affairs, 
NIST, telephone 301-975-3067; or by writing to the National 
Research Council, Associateship Programs-TJ2114, 2101 
Constitution Avenue, NW, Washington, DC 20418; tele
phone 202-334-2760. 

-From a NIST announcement 
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For Your Information 

Prototype of Mathematics 
Digital Library Released 
An early prototype of the National Institute of Standards 
and Technology (NIST) Digital Library of Mathematical 
Functions (DLMF) has been released for public inspection 
and comment. The DLMF is designed to be a complete and 
authoritative online reference on the definition and prop
erties of mathematical functions that occur in applica
tions. Examples include Bessel functions, hypergeometric 
functions, and various classes of orthogonal polynomials. 
The DLMF, which will be freely available via the World 
Wide Web, will contain more than thirty "chapters", each 
centered on a class of functions, written by recognized au
thorities. The emphasis is on information that is useful in 
applications, as well as on methods of computation. The 
online reference work will contain many complex mathe
matical formulas that can be downloaded into word proces
sors and symbolic computing systems, graphics that can 
be manipulated by users, and tables of relevant numerical 
quantities, some of which will be computed on demand. 
Math-enabled search facilities will guide users to relevant 
information, including pointers to software that compute 
various functions. 

The newly released prototype, at http: I /math. ni st. 
gov /Di gi ta 1 Mathl i b/, is designed to show the scope 
of the planned project. It contains a sample chapter on 
Airy functions written by F. Olver and a sample chapter 
on applications written by C. Clark and D. Penn. These 
chapters are designed to be used as models for other 
authors. Pending external funding for the remaining 
chapter authors, the DLMF is scheduled to be completed 
in 2002. 

- From the NIST Web page 

Everett Pitcher Lectures 
The next series of Everett Pitcher Lectures will be held 

Aprill3, 14, 15, 1999, on the campus ofLehigh University 
in Bethlehem, Pennsylvania. The speaker will be Herbert 
S. Wilf of the University of Pennsylvania. The title of his 
lectures will be, "Recursive Structure of Combinatorial 
Families". 

The lectures, which are open to the public, are held in 
honor of Everett Pitcher, who was secretary of the AMS from 
196 7 until 1988. Pitcher served in the mathematics de
partment at Lehigh from 1938 until1978, when he retired 
as Distinguished Professor of Mathematics. Further infor
mation can be obtained by writing to Pitcher Lecture Se
ries, Department of Mathematics, Lehigh University, Beth
lehem, PA 18015, or by calling 610-758-3753. 

- Department of Mathematics 
Lehigh University 
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Reference and Book list 

The Reference section of the Notices 
is intended to provide the reader with 
frequently sought information in an 
easily accessible manner. New infor
mation is printed as it becomes avail
able and is referenced after the first 
printing. As soon as information is up
dated or otherwise changed, it will be 
noted in this section. 

Upcoming Deadlines 
April12, 1999: Deadline for propos
als for the 2000 NSF-CBMS Regional 
Conferences. For more information, 
contact the Conference Board of the 
Mathematical Sciences, 1529-18th 
Street, NW, Washington, DC 20036; 
tel: 202-293-1170; fax: 202-265-2384; 
World Wide Web: http: I /www. 
maa.org/cbms/nsf/2000nsf.htm1; 
e-mail: ko l be@math. georgetown. edu 
or rosier@math.georgetown.edu. 
Also see the announcement of the up
coming NSF-CBMS Regional Confer
ences, to be held in the summer of 
1999, which appeared in the February 
1999 Notices. 

April 16, 1999: Deadline for pro
posals for scientific meetings at the 
Banach International Mathematical 
Center. For more information, see 
"Mathematics Opportunities" in this 
issue. 

April16, 1999: Deadline for appli
cations for Project NExT fellowships. 
For more information, see the Project 
NExT home page, http: I /archives. 
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math. utk. edu/proj next/, or con
tact one of the following: T. Christine 
Stevens, Director, Project NExT, De
partment of Mathematics and Com
puter Science, Saint Louis University, 
221 North Grand Blvd., St. Louis, MO 
63103; tel: 314-977-2444; e-mail: 
stevensc@s1 u. edu; Joseph Gallian, 
Codirector, Department of Mathe
matics and Statistics, University of 
Minnesota-Duluth, Duluth, MN 55812; 
tel: 218-726-75 76; e-mail: j ga 11 ian@ 
d. umn. edu; or Aparna Higgins, Cadi-

Where to Find It 
A brief index to information that ap
pears in this and previous issues of 
the Notices. 
AMS e-mail addresses 
November 1998, p. 1369 

AMS Ethical Guidelines 
june 1995, p. 694 
AMS officers and committee mem
bers 
October 1998, p. 1209 
Board on Mathematical Sciences 
April1999, p. 479 

Bylaws of the American Mathemat
ical Society 
November 1997, p. 1339 

Classification of degree-granting de
partments of mathematics 
january 1997, p. 48 
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rector, Department of Mathematics, 
University of Dayton, Dayton, OH 
45469; tel: 937-229-2103; e-mail: hi g
gins@saber.udayton.edu. 

May 5, 1999: Deadline for propos
als for NSF Graduate Teaching Fel
lowships. For more information, see 
"Mathematics Opportunities" in this 
issue. 

July 19, 1999: Deadline for pro
posals for the second VIGRE Grant 
competition. For more information, 
consult the NSF Web site at http: I I 

Mathematical Sciences Education 
board and staff 
May 1998, p. 632 

Mathematics Research Institutes 
contact information 
May 1999, p. 580 

National Science Board 
March 1999, p. 361 
NSF Mathematical and Physical Sci
ences Advisory Committee 
March 1999, p. 362 

Officers of the Society 1997 and 
1998 (Council, Executive Commit
tee, Publications Committees, Board 
of Trustees) 
May 1999, p. 583 

Program officers for federal fund
ing agencies (DoD, DoE, NSF) 
October 1998, pp. 1182-1184, Feb
ruary 1999, p. 244 

579 



Reference and Book List 

www. nsf. gov/cgi -bin/ 
getpub?nsf9916/. 

July 30, 1999: Deadline for sub
mission of proposals for Long-Term 
Project Development Grants from the 
Office of International Affairs of the 
National Research Council. For more 
information, contact the Office of In
ternational Affairs, National Research 
Council, 2101 Constitution Avenue, 
NW (FO 2060), Washington, DC 20418; 
tel: 202-334-3680; fax: 202-334-2614; 
e-mail: ocee@nas. edu; World Wide 
Web: http: I /www2. nas. edu/oi a/ 
22da.htm1. 

October 1, 1999: Deadline for ap
plications for NSF I A WM Travel Grants 
for Women. For more information, see 
"Mathematics Opportunities" in this 
issue. 

January 15, 2000: Deadline for ap
plications for NIST/NRC Postdoctoral 
Research Associateships Program. For 
more information, see "Mathematics 
Opportunities" in this issue. 

Contact Information for 
Mathematics Institutes 

Center for Discrete Mathematics 
and Theoretical Computer Science 
(DIMACS) 
CoRE Building, 4th Floor 
Rutgers University 
96 Frelinghuysen Road 
Piscataway, NJ 08854-8018 
Telephone: 732-445-5930 
Fax: 732-445-5932 
e-mail: center-admi n@di macs. 

rutgers.edu 
World Wide Web: http: I I di macs. 

rutgers.edu/ 

Centre International de 
Rencontres Mathematiques (CIRM) 
Case 916, 163, avenue de Luminy 
13288 Marseille Cedex 09, France 
Telephone: 04 91 83 30 00 
Fax: 04 91 83 30 05 
e-mail: 1 abesse@ci rm. 

univ-mrs.fr 
World Wide Web: http:/ /ci rm. 

univ-mrs.fr/ 

Centre de Recherches Mathema
tiques (CRM) 
Universite de Montreal 
C.P. 6128, Succ. Centre-ville 
Montreal, Quebec, Canada H3C 3]7 
Telephone: 514-343-7501 

580 

Fax: 514-343-2254 
e-mail: activities@crm. 

umontrea1.ca 
World Wide Web: 
http://www.crm.umontrea1.ca/ 

The Fields Institute for Research in 
Mathematical Sciences 
222 College Street 
Toronto, Ontario, Canada M5T 3]1 
Telephone: 416-348-9710 
Fax: 416-348-9714 
e-mail:geni nfo@fi e 1 ds. 

utoronto.ca 
World Wide Web: http://www. 

fie1ds.utoronto.ca/ 

Institut des Hautes Etudes Scien
tifiques (IHES) 
Le Bois-Marie 
35, route de Chartres 
F-91440 Bures-sur-Yvette, France 
Telephone: +33 1 60 92 66 00 
Fax: +33 1 60 92 66 09 
World Wide Web: http: I jwww. 

ihes.fr/ 

Institute for Advanced Study (lAS) 
School of Mathematics 
Olden Lane 
Princeton, NJ 08540 
Telephone: 609-924-8100 
Fax: 609-951-4459 
World Wide Web: http: I /www. 

math. i as. edu/ 

Institute for Mathematics and its 
Applications (IMA) 
University of Minnesota 
400 Lind Hall 
207 Church Street, SE 
Minneapolis, MN 55455 
Telephone: 612-624-6066 
Fax: 612-626-7370 
e-mail: i ma-staff@i rna. umn. edu 
World Wide Web: http://www. 

ima.umn.edu/ 

Istituto de Matematica Pura e Apli
cada (IMPA) 
Estrada Dona Castorina, 110 
Jardim Botanico 
Rio de Janeiro-RJ-Brazil 
Telephone: (55) (21) 529 5000 
Fax: (55) (21) 512 4115/512 4112 
World Wide Web: http: I /www. 

impa.br/ 
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International Centre for Mathemati
cal Sciences (ICMS) 
14 India Street 
Edinburgh EH3 6EZ, Scotland 
Telephone: +44(0) 131 2 20 1777 
Fax: +44(0) 131 220 1053 
e-mail: i cms@math. ed. ac. uk 
World Wide Web: http: I /www. 

ma.hw.ac.uk/icms/ 

International Center for Theoreti
cal Physics (ICTP) 
Strada Costiera 11, P.O. Box 586 
34100 Trieste, Italy 
Telephone: +39 040 2240111 
Fax: +39 040 224163 
e-mail: sci_ i nfo@i ctp. 

trieste. it 
World Wide Web: http: I /www. 

ictp.trieste.it/ 

Mathematics Research Institute 
Lorenzenhof 
D-77709 Oberwolfach-Walke, Ger
many 
Telephone: +49 7834 979 50 
Fax: +49 7834 979 55 
World Wide Web: http: I /www. mfo. 

de/ 

Mathematical Sciences Research In
stitute (MSRI) 
1000 Centennial Drive #5070 
Berkeley, CA 94720-5070 
Telephone: 510-642-0143 
Fax: 510-642-8609 
e-mail: i nqui ri es@msri. org 
World Wide Web: http://www. 

msri .org/ 

Max Planck Institute for Mathemat
ics 
P.O. Box 7280 
D-53072 Bonn, Germany 
Telephone: (49) 228 402 0 
Fax: (49) 228 402277 
e-mail: admi n@mpi m-bonn. mpg. de 
World Wide Web: http://www. 

mpim-bonn.mpg.de/ 

Max Planck Institute for Mathemat
ics in the Sciences 
Inselstrasse 22-26 
04103 Leipzig, Germany 
Telephone: +49 341 9959 50 
Fax: +49 341 9959 658 
World Wide Web: http: I /www. mi s. 

mpg.de/ 
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Mittag-Leffler Institute 
Auravagen 17 
S-182 62 Djursholm, Sweden 
e-mail: wi dman@ml . kva. se 
World Wide Web: http: I jwww. 

ml .kva.se/ 

Isaac Newton Institute for Mathe
matical Sciences 
20 Clarkson Road 
Cambridge CB3 OEH, England 
Telephone: (01223) 335999 
Fax: (01223) 330508 
e-mail: i nfo@newton. cam. ac. uk 
World Wide Web: http: I /www. 

newton.cam.ac.uk/ 

Research Institute for Mathemati
cal Sciences (RIMS) 
Kyoto University 
Kyoto, 606-8502, Japan 
Fax: 81 +75 (753) 7276 
World Wide Web: http://www. 

kurims.kyoto-u.ac.jp/ 

Tata Institute of Fundamental Re
search 
School of Mathematics 
Dr. Homi Bhabha Road 
Colaba, Mumbai 400 005, India 
Telephone: (91 22) 2152971 
Fax: (91 22) 2152110 
World Wide Web: http://www. 

math.tifr.res.in/ 

Book List 
The Book List highlights books that 
have mathematical themes and hold 
appeal for a wide audience, including 
mathematicians, students, and a sig
nificant portion of the general public. 
When a book has been reviewed in the 
Notices, a reference is given to the re
view. Generally the list will contain 
only books published within the last 
two years, though exceptions may be 
made in cases where current events 
(e.g., the death of a prominent math
ematician, coverage of a certain piece 
of mathematics in the news) warrant 
drawing readers' attention to older 
books. Suggestions for books to include 
on the list may be sent to the Manag
ing Editor, e-mail: noti ces@ams. org. 

Abraham Robinson: The Creation of 
Nonstandard Analysis, a Personal and 
Mathematical Odyssey, by Joseph War-

MAY 1999 

ren Dauben. Princeton University 
Press, 1998. ISBN 0-691 -05911X. 

Against the Gods: The Remarkable 
Story of Risk, by Peter L. Bernstein. 
John Wiley & Sons, 1996. ISBN 0-471-
12104-5. (Reviewed January 1999) 

The Algorithmic Beauty of Sea Shells 
(Virtual Laboratory), by Hans Mein
hardt, Przemyslaw Prusinkiewicz, and 
Deborah R. Fowler. Springer-Verlag, 
1998. ISBN 3-540-63919-5. 

The Apprenticeship of a Mathe
matician, by Andre Well, translation by 
Jennifer Gage, Birkhauser Boston, 
1992. ISBN 0-817-62650-6. (Reviewed 
April 1999.) 

A Beautiful Mind: A Biography of 
john Forbes Nash, jr., by Sylvia Nasar, 
Simon & Schuster, 1998. ISBN 0-684-
81906-6. (Reviewed November 1998.) 

Challenges, by Serge Lang. Springer
Verlag, 1998. ISBN 0-387-94861-9. 

Drawbridge Up: Mathematics-A 
Cultural Anathema (Zugbriicke ausser 
Betrieb: Die Mathematik im jenseits 
der Kultur), by Hans Magnus Enzens
berger. A. K. Peters, 1999. ISBN 1-
56881-099-7. 

e: The Story of a Number, by Eli 
Maor. Paperback edition, Princeton 
University Press, 1998. ISBN 0-691 -
05854-7. 

Emergence: From Chaos to Order, 
by John Holland. Perseus Press, 1998. 
ISBN 0-201 -14943-5. 

Fashionable Nonsense: Postmodern 
Intellectuals' Abuse of Science, by Alan 
Sokal and Jean Bricmont. English ver
sion of Impostures Intellectuelles (re
viewed August 1998). St. Martin's 
Press, 1998. ISBN 0-312-19545-1. 

The Feynman Processor, by Gerard 
]. Milburn and Paul Davies. Helix 
Books, Perseus, 1998. ISBN 0-738-
20016-6. 

Geometry Civilized: History, Cul
ture, and Technique, by John Heilbron, 
Oxford University Press, 1998. ISBN 0-
19-850078-5. 

Goodbye, Descartes: The End of 
Logic and the Search for a New Cos
mology of the Mind, by Keith Devlin. 
John Wiley & Sons, 1998. ISBN 0-4 71 -
14216-6. 

An Imaginary Tale: The Story of 
J=I, by Paul J. Nahin. Princeton Uni
versity Press, 1998. ISBN 0-691-
02795-1. 
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In the Light of Logic, by Solomon Fe
ferman. Oxford University Press, 1998. 
ISBN 0-19-508030-0. 

The jungles of Randomness: A 
Mathematical Safari, by Ivars Peter
son. Paperback edition, John Wiley & 
Sons, 1998. ISBN 0-471 -29587-6. 

Knowing And Teaching Elementary 
Mathematics: Teachers' Understand
ing of Fundamental Mathematics in 
China and the United States, by Liping 
Ma. Lawrence Erlbaum Publishers, to 
appear May 1999. ISBN 0-8058-2908-
3 (cloth), 0-8058-2909-1 (paper). 

The Language of Mathematics: Mak
ing the Invisible Visible, by Keith De
vlin. W.H. Freeman and Company, 
1998. ISBN 0-716-73379-X. 

Life by the Numbers, by Keith De
vlin. John Wiley & Sons, 1998. ISBN 0-
471 -24044-3. 

The Magical Maze: Seeing the World 
through Mathematical Eyes, by Ian 
Stewart. John Wiley, 1998. ISBN 0-471-
19297-X. 

The Man Who Loved Only Numbers: 
The Story of Paul Erdos and the Search 
for Mathematical Truth, by Paul Hoff
man. Hyperion, 1998. ISBN 0-786-
86362-5. (Reviewed October 1998.) 

A Mathematical Mystery Tour: Dis
covering the Truth and Beauty of the 
Cosmos, by A.K. Dewdney. John Wiley 
& Sons, 1999. ISBN 0-471 -32847-3 . 

Mathematical Reasoning: Analogies, 
Metaphors, and Images, edited by Lyn 
English. Lawrence Erlbaum Associates, 
199 7. ISBN 0-80 5 8-19 79-7. (Reviewed 
in this issue.) 

Mathematics for the Curious, by 
Peter M. Higgins. Oxford University 
Press, 1998. ISBN 0-192-88072-1. 

Mathematics: From the Birth of 
Numbers, by Jan Gullberg. W. W. Nor
ton and Company, 1997. ISBN ISBN 0-
393-04002-X. 

The Mathematics of Ciphers; Num
ber Theory and RSA Cryptography, 
by S.C. Coutinho. AK Peters, 1998. 
ISBN 1-568-81082-2. 

Modern Mathematics in the Light 
of the Fields Medals, by Michael 
Monastyrsky. AK Peters, 1997. ISBN 1-
568-81065-2 . 

Moral Calculations: Game Theory, 
Logic, and Human Frailty, by Ui.szl6 
Mer6. Copernicus-Springer Verlag, 
1998. ISBN 0-387-98419-4. 

My Brain is Open: The Mathemati
cal journeys of Paul Erdos, by Bruce 
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Schecter. Simon & Schuster, 1998. ISBN 
0-684-8463 5-7. 

The Number Devil, by Hans Magnus 
Enzensberger. Metropolitan Books, 
1998. ISBN 0-805-05770-6.0nce Upon 
a Number: A Mathematician Bridges 
Stories and Statistics, by John Allen 
Paulos. Basic Books, 1998. ISBN 0-465-
05158-8. 

Paul Dirac: The Man and His Work, 
by Abraham Pais, Maurice Jacob, David 
Olive, and Michael Atiyah. Cambridge 
University Press, 1998. ISBN 0-521-
58382-9. (Reviewed October 1998.) 

Philosophy of Mathematics: An In
troduction to a World of Proofs and 
Pictures, by James Robert Brown, Rout
ledge, 1998. ISBN 0-415-12274-0. 

Polyhedra, by Peter Cromwell. Cam
bridge University Press, 1997. ISBN 0-
521-55432-2. (Reviewed September 
1998) 

Privacy on the Line: The Politics of 
Wiretapping and Encryption, by Whit
field Diffie and Susan Landau. MIT 
Press, 1997. ISBN 0-262-04167-7. (Re
viewed June/ July 1998) 

The Pleasures of Counting, by T. W. 
Korner. Cambridge University Press, 
1997. ISBN 0-521-56087-X; 0-521-
56823-4. (Reviewed March 1998.) 

Proofs from the Book, by Martin 
Aigner and Gtinter Ziegler. Springer
Verlag, 1998. ISBN 3-540-63698-6. 

The Queen of Mathematics: A His
torically Motivated Guide to Number 
Theory, by Jay R. Goldman. AK Peters, 
1998. ISBN 1-568-81006-7. 

Randomness, Deborah Bennett. Har
vard University Press, 1998. ISBN 0-
674-10745-4. 

Reasoning with the Infinite: From 
the Closed World to the Mathematical 
Universe, by Michel Blay (translated 
by M. B. DeBevoise). University of 
Chicago Press, 1998. ISBN 0-226-
05834-4. 

Strength in Numbers, by Sherman 
Stein. John Wiley & Sons, 1996. ISBN 
0-471-152528-8. (Reviewed in this 
issue.) 

Tracking the Automatic Ant, and 
Other Mathematical Explorations, by 
David Gale, Springer-Verlag, 1998. 
ISBN 0-387-98272-8. 

The Universe and the Teacup: The 
Mathematics of Truth and Beauty, by 
K.C. Cole. Hartcourt Brace, 1998. ISBN 
0-151-00323-8. (Reviewed March 
1999.) 
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Visual Explanations-Images and 
Quantities, Evidence and Narrative, 
by Edward R. Tufte, Graphics Press, 
1997. ISBN 0-961-39212-6. (Reviewed 
January 1999.) 

Women in Mathematics: The Addi
tion of Difference, by Claudia Henrion. 
Indiana University Press, 1997. ISBN 
0-253-33279-6. (Reviewed May 1998.) 

The World According to Wavelets, 
by Barbara Burke Hubbard. AK Peters, 
second edition, 1999. ISBN 1-568-
81072-5. 
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Officers of the 
Society 1998 and 
1999 
Except for the members-at-large of 
the Council, the month and year of the 
first term and the end of the present 
term are given. For members-at-large 
of the Council, the last year of the 
present term is listed. 

Council 

Presidents 
Felix E. Browder 2/99- 1/01 
Arthur M. Jaffe 2/97- 1/99 
Immediate Past Presidentt 
Arthur M. Jaffe 2/99- 1/00 
President -Elect 
Felix E. Browder 2/98- 1/99 
Vice-Presidents 
James G. Arthur 2/99- 1/02 
Michael Aschbacher 2/96- 1/99 
Jennifer Tour Chayes 2/98- 1/01 
H. Blaine Lawson Jr. 2/97- 1/00 

Secretaries 
Robert]. Daverman 2/99- 1/01 
Robert M. Fossum 1/89- 1/99 

Former Secretary 
Robert M. Fossum 2/99- 1/01 
Associate Secretaries 
John L. Bryant 2/99- 1/01 
Robert]. Daverman 2/93- 1/99 
Susan ]. Friedlander 2/96- 1/00 
Bernard Russo 5/98-1/02 
Lesley M. Sibner 2/93- 1/01 
Treasurers 
John M. Franks 2/99- 1/01 
Franklin P. Peterson 8/73- 1/99 

MAY 1999 

From theAMS 

Associate Treasurer 
B. A. Taylor 2/93 - 1/01 
Members-at-Large 
All terms are for three years and ex
pire on January 31 following the year 
given. 
1998 
David M. Bressoud 
Gail A. Carpenter 
John B. Conway 
Krystyna M. Kuperberg 
Andrew M. Odlyzko 
1999 
Francis Bonahon 
Frederick P. Gardiner 
Gail D. L. Ratcliff 
Joel H. Spencer 
Karen Vogtmann 
2000 
Robert L. Bryant 
Jane M. Hawkins 
Karen Parshall 
M. Beth Ruskai 
Michael Starbird 
2001 
Haim Brezis 
Robert Fefferman 
Donald G. Saari 
Tatiana Toro 
Nolan R. Wallach 

Member of Executive 
Committee 
Members of the Council, as provided 
for in Article 7, Section 4 (last sen
tence) of the Bylaws of the Society. 

John B. Conway 2/97- 1/01 
Steven George Krantz 2/93- 1/99 
Andrew M. Odlyzko 2/96- 1/00 
Joel Spencer 2/98- 1/02 

NOTICES OF lliE AMS 

Publications Committees 

Bulletin Editorial Committee 
Haynes Miller 5/93- 1/99 
Donald G. Saari 2/99-1/02 
Colloquium Editorial Committee 
Susan]. Friedlander 2/96- 1/02 
Journal oftheAMSEditorial 
Committee 
William Fulton 2/93- 1/99 
Benedict H. Gross 2/98-1/01 
Mathematical Reviews Editorial 
Committee 
Hugh L. Montgomery 3/95- 1/99 
Mathematical Surveys and 
Monographs Editorial Committee 
Tudor Stefan Ratiu 2/96-1/01 
Mathematics of Computation 
Editorial Committee 
Lars B. Wahlbin 1/90-1/01 
Proceedings Editorial Committee 
Clifford ]. Earle Jr. 1/89-1/01 
Transactions and Memoirs Editorial 
Committee 
Peter B. Shalen 2/92- 1/00 

Board of Trustees 
Roy L. Adler 2/93 - 1/03 
Hyman Bass 7/95-1/99 
Felix E. Browder (ex officio) 2/99- 1/01 
Michael G. Crandall 2/96- 1/01 
John M. Franks (ex officio) 2/99- 1/01 
Arthur M. Jaffe (ex officio) 2/97-1/99 
Linda Keen 2/99- 1/04 
Andy R. Magid 2/97- 1/02 
Donald E. McClure 2/95-1/00 
Franklin P. Peterson (ex officio) 

8/73- 1/99 
B. A. Taylor (ex officio) 2/93- 1/01 

583 



AMERICAN MATHEMATICAL SOCIETY 

The selection committee for this prize requests nominations for the 2000 

award for a seminal paper. Further information about the various Steele Prizes 

can be found in the November 1997 Notices, pp. 1329-1353 (also available at 

http:/ /www.ams.org/secretary/prizes.htm 1). 

Three Leroy P. Steele Prizes are awarded each year in the following categories: 

(I) the Steele Prize for Lifetime Achievement: for the cumulative influence of 

the total mathematical work of the recipient, high level of research over a peri

od of time, particular influence on the development of a field, and influence on 

mathematics through Ph.D. students; (2) the Steele Prize for Mathematical 

Exposition: for a book or substantial survey or expository-research paper; and 

(3) the Steele Prize for Seminal Contribution to Research: for a paper, whether 

recent or not, that has proved to be of fundamental or lasting importance in 

its field or a model of important research. 

The deadline for nominations for (3), the Steele Prize for Seminal Contribution 

to Research, has been extended, because the prize granted in 2000 will be 

directed to a contribution to the field of Algebra, which earlier calls for nomi

nations did not spell out. To provide more focus to the selection process, it was 

decided several years ago to rotate this particular prize among various math

ematical fields, with a schedule calling for the award to be given in 2000 to be 

for Seminal Research in Algebra. 

Nominations with supporting information should be sent to the Secretary, 

Robert J. Daverman, American Mathematical Society, 3120 Ayres Hall, 

University of Tennessee, Knoxville TN 37996-1330. Include a short descrip

tion of the work forming the basis of the nomination, with a complete biblio

graphic citation. Nominations will be forwarded by the Secretary to the prize 

selection committee, which, as in the past, will make the final selection on the 

awarding of prizes. 

Deadline for nominations: June 30, 1999 



AMERICAN MATHEMATICAL SOCIETY 

MathSciNet Math-ematical Reviews on the Web 

What's New About MathSdNet 
Choose a si te: 

• lA.ihSciNet 4.0 
I Online Demo I Provideru:e, RI USA 

and 

How to Subscribe 

• Qui:k St.:tts O"lir.e 
I hcess 

Featured Reviews."''r1,. 

MathSciNet -available on the Web by subscription
provides searchable data of over 58 years of Mathematical 
Reviews and Current Mathematical Publications. 
Consortia pricing is available: please contact Lori Sprague, 
Publications Administrator, by telephone at 1-401-455-4064 
or by email at las@ams.org. 

Features include: 
• 1970-79 full text reviews added 
• Online mathematical symbols plus hypertext linking 
• PDF format for download or display 
• Retrieve all when search yields 50 or fewer records 
• Quick Starts available online 
• Search page indicates current site 
• Limit searches to CMP entries 
• PDF version of the Abbreviations of Serials and the 1991 

Mathematics Subject Classification 
• Links to all AMS Bookstore items, including the AMS 

Chelsea Publishing series 

MathSciNet has an especially powerful system of internal/inks between 
reviews and provides direct links to the papers themselves if they are 
available on line. The reviews are classified by subject and are searchable 
in multiple ways. Thus, it provides an unparalleled method of browsing the 
literature for serious content (along with accurate bibliographic data). 

-Journal of Electronic Publishing, 
University of Michigan Press 

AMS Bookstore 
www.ams.org/bookstore/ 

.... AMERICAN MATHEMATICAL SOCIETY 

.,.. AMS joumal System 
Information 

.... e-Mail Notification 

~ Bull~tin of th~AMS 

• Conformal Go.ometry 
and Dynamics 

~ Eloctronic Resurch 
Announc~m~nts 

.._ journal of the AMS 

..,.. Mathematics of 
Computation 

_. Proceedings of the AMS 

• RQprti~Q.ntation ThG~o ry 

_. Transactions of theAMS 

• Notices of the AMS 

The AMS has published journals of the highest quality in 
mathematical research for nearly 1 00 years. Each journal is 
unique in its offering of articles, book reviews, and reports. 
And each is managed by editors who are prominent in their 
fields. In addition to publishing and distributing printed 
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'' 7-9 Cornell Topology Festival, Cornell 
University, Ithaca, New York. 
Speakers: S. Boyer, R. Edwards, Y. Eliash
berg, M. Kapovich, P. Shalen, D. Wise, 
C. Woodward. 
Information: Send e-mail to dls37@math . 
cornell. edu, or see our Web page at 
http : //math.cornell.edu/-vogtmann/ 
topfest/1999.html. 

* 20-24 Twenty-seventh Canadian Opera
tor Theory and Operator Algebras Sym
posium, University of Prince Edward Island, 
Charlottetown, PEl, Canada. 
Speakers: K. Davidson (Univ. of Water
loo), G. Elliott (Univ. of Toronto), L. Ge 
(Univ. of New Hampshire), D. Hadwin (Univ. 
of New Hampshire), D. Handelman (Univ. 
of Ottawa), D. Larson (Texas A&M Univ.), 
S. Power (Univ. of Lancaster), I. Putnam 
(Univ. of Victoria), H. Radjavi (Dalhousie 
Univ.), M. Rordam (Univ. of Copenhagen). 
Information: G. MacDonald, Dept. of Math. 
& CS, Univ. of Prince Edward Island, Char
lottetown, PEl, Canada, ClA 4P3; e-mail: 
gmacdonald@upei. ca; Web page: http: I I 
www.math-cs.upei . ca/people/gmacdon/ 
cosy/. 

'' 26-28 Crystallographic Groups and Their 

Generalizations II, K. U. Leuven (Campus 
Kortrijk), Kortrijk, Belgium. 
Scientific Committee: H. Abels (Bielefeld), 
Y. Felix (Louvain la Neuve), F. Grunewald 
(Duesseldorf), P. Igodt (Leuven/Kortrijk). 
Invited Speakers: Y. Benoist(E.N.S.), M. Brid
son (Oxford), C. Casacuberta (Barcelona), 
K. Dekimpe (Leuven/ Kortrijk), B. Farb (Chi
cago), W. Goldman (College Park), G. Mar
gulis (Yale). 
Topics: Recent developments concerning 
crystallographic groups and all concepts 
which can be seen as generalizations of 
them are the subjects of this workshop. 
A nonexhaustive list of possible topics in
cludes: Affine crystallographic groups and 
affine manifolds; almost crystallographic 
groups and infra-nilmanifolds; polynomial 
structures on polycyclic-by-finite groups 
and polynomial manifolds; discrete sub
groups of Lie groups and homogeneous 
spaces; localisation problems for groups; 
finitely generated groups, quasi-isometry 
and rigidity; geometric group theory. 
Call for Abstracts: Interested researchers 
will be offered an opportunity to present a 
short talk (25 minutes) on their work. For 
this they should send a title and abstract (in 
l£\Tp( -format) to the scientific committee, via 
the e-mail address: Paul. Igodt@kulak. ac. 
be. For those talks which eventually cannot 
be scheduled, the authors/participants will 

get an opportunity to present a poster (max. 
two A3-size documents). 
Information: Registration documents and 
all practical information are found at 
the Web site http: I /www. kulak . ac. be/ 
workshop/. 

* 28-30 Fourth Pan hellenic Conference on 
Differential Geometry and Its Applica
tions (with International Participation), 
University of Patras, Department of Mathe
matics, Patras, Greece. 
Aim: The aim of the conference is to bring 
together mathematicians working on vari
ous areas of differential geometry and other 
related fields. This year there will also be 
parallel sessions on the teaching of geom
etry at the secondary and undergraduate 
level. 
Information: B. ]. Papantoniou, tel/fax 
++30-61-997138; e-mail: bipapant@math. 
upatras. gr; A. Arvanitoyeorgos, e-mail: 
taarv@hol. gr. 

* 29-June 1 CMS Summer 1999 Meeting, 
Memorial University of Newfoundland, St. 
John's, Newfoundland. 
Program: This meeting will feature ple
nary speakers from a broad spectrum of 
mathematics by top mathematicians. It will 
also feature sessions in various areas of 
mathematics. 
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Plenary Speakers: E. Barbeau (Toronto), 
R. K. Brylinski (Pennsylvania State), M. van 
den Bergh (Limburg/Belgium) and T. Korner 
(Cambridge). 
Prize lectures: The Jeffery-Williams Lec
ture will be given by]. Friedlander (Univ. of 
Toronto). The Krieger-Nelson Prize will be 
given by N. Tomczak-Jaegermann (Univ. of 
Alberta). 
Sessions: Session titles and speakers 
are: Combinatorics and Its Applications 
(N. Shalaby and D. Stinson, organizers): 
F. Bennett (Halifax), C. Colbourn (Maine), 
K. Heinrich (SFU), A. Rosa (McMaster), 
D. Stinson (Waterloo), L. Vinet (Montreal); 
Education: What Mathematical Compe
titions Do for Mathematics (B. Shawyer 
and E. Williams, organizers): E. Barbeau 
(Toronto), R. Dunkley (Waterloo), T. Gar
diner (Birmingham), R. Janes (Director of 
NCTM), and S. Sullivan (MUN student); 
Graduate Student Seminar: A special 
session is being organized for graduate 
students. Anyone interested in participat
ing in the organization of this program 
should contact H. Brunner, e-mail: cms99© 
math . mun. ca; joint CMS-CRM Session on 
Harmonic Analysis (K. Hare, organizer): 
]. Benedetto (Maryland), B. Forrest (Water
loo), J.-P. Gabardo (McMaster), E. Granirer 
(UBC), H. Herrig (McMaster), Z. Hu (Windsor), 
R. Kerman (Brock), T. Korner (Cambridge), 
T. Lau (Alberta), D. Oberlin (Florida), ].-
0. Ronning (Skode U.), G. Sinnamon (UWO), 
S. Wainger (Wisconsin); Nonlinear Anal
ysis and Its Applications (S. Singh and 
B. Watson, organizers): G. Allasia (Torino), 
]. Borwein (SFU), P. Gauthier (Montreal), 
K. Goebel (Lublin), W. A. Kirk(Iowa), W. Light 
(Leicester), S. Park (Seoul), B. Rhoades (In
diana), W. Takahashi (Tokyo), E. Tarafdar 
(Australia), J. Whitfield (Lakehead); Per
spectives in Ring Theory (E. Goodaire and 
E. Jespers, organizers): Y. Bahturin (Mos
cow), M. van den Bergh (Limburg/Belgium), 
]. Okninski (Warsaw), D. S. Passman (Wis
consin), M. Putcha (North Carolina State), 
L. Renner (UWO), S. K. Sehgal (Edmon
ton); joint CMS-Fields Institute Session 
on Representation Theory (A. Broer, or
ganizer): ]. Brundan (Oregon at Eugene), 
R. K. Brylinski (Pennsylvania State), C. Cun
ningham (Massachusetts), S. R. Evens 
(Arizona at Tucson), L. Helminck (North 
Carolina State), M. Hunziker (Brandeis), 
A. S. Kleshchev (Oregon at Eugene), F. Knop 
(Rutgers), V. Lakshmibai (Northeastern), 
W. M. McGovern (Seattle), G. McNinch (Notre 
Dame), F. Murnaghan (Toronto), M. Nevins 
(Alberta), M. Reeder (Boston College), 
Y. Sanderson (Rutgers), G. Savin (Utah), 
E. Sommers (Harvard), P. Trapa (Institute 
for Advanced Studies); Surveys in Mathe
matics (K. Murty, organizer): Speakers to 
be announced. 
Submission of Abstracts: The CMS pub
lishes abstracts for all scheduled talks. 
Titles for plenary speakers, prize lecturers, 
and invited special sessions for the scien
tific and education program will appear in 
the April issue of the CMS Notes. Titles for 
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contributed papers will appear in the May 
issue of the CMS Notes. All abstracts will be 
published in the meeting program and will 
be available on the Canadian Mathemati
cal Electronics Services (Camel): http : I I 
camel.math.caiCMSIEventslsummer99l 
and on the CMS99 Summer Meeting Web 
site: http: I lwww .math.mun. carcms99l. 

june 1999 

'' 4-9 Geometry, Analysis, and Mathemati
cal Physics: Analysis and Geometry, Ober
nai(near Strasbourg), France. 
Organizer: J.-M. Bismut (Orsay). 
Background: The Programme of Euro
pean Research Conferences (EURESCO) was 
launched ten years ago and is run by the 
European Science Foundation, largely with 
funding from the Euroconferences Activ
ity of the European Union. Each conference 
consists of a series of meetings, held typ
ically every other year. There are neither 
written contributions nor proceedings. Un
conventional ideas and new approaches, 
not yet fully explored, are encouraged. 
Information and Application Forms:]. Hen
dekovic, European Science Foundation, Of
fice of European Research Conferences (EU
RESCO), 1 quaiLezay-Marnesia, 67080 Stras
bourgCedex,France; fax+33 (0) 3 88 36 69 87; 
e-mail: euresco©esf. org; WWW server at 
http:l/www . esf . orgleuresco/. 

* 6-1 2 International Conference on Ratio
nal Approximation (ICRA99), University of 
Antwerp, Antwerp, Belgium. 
Organizers: A. Cuyt and B. Verdonk. 
Scientific Committee: A. Bultheel, A. Cuyt, 
A. Magnus,]. Schmets, J.-P. Thiran, M. Van 
Barel, P. Van Dooren, B. Verdonk. 
logistic Support: S. Becuwe and P. Van 
Tilborgh. 
Focus: The conference will focus on rational 
approximation theory in the broadest sense, 
including all computational aspects and ap
plications. Contributions are welcomed on 
the subjects of Pade approximation, con
tinued fractions, orthogonal polynomials, 
and rational approximation in general. More 
than in the past, attention will be paid to 
the development of reliable algorithms and 
the use of symbolic techniques. 
Invited Speakers: Several one-hour sur
vey lectures will be given by specialists 
in the field. The invited speakers are 
G. Baker Jr. (Los Alamos), P. Borwein (Burn
aby), P. Graves-Morris (Bradford), W. B. 
Jones (Boulder), G. Labahn (Waterloo), 
L. Lorentzen (Trondheim), D. S. Lubinsky 
(Johannesburg), H. ]. Stetter (Wien). 
Call for Papers: Participants are invited 
to present a 25-minute research talk. To 
this end, please submit a title and a short 
abstract of at most 1 page no later than 
April1, 1999. Registration forms are due on 
the same date. Participants are encouraged 
to register electronically at http : I lwin
www.uia.ac.belulicra99l. 
Proceedings: Kluwer Academic Publishers 
and Baltzer Science Publishers have agreed 
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to publish the proceedings of the ICRA99 
conference, which will be distributed over 
issues of the following three journals: Nu
merical Algorithms, Reliable Computing, 
and Acta App/icandae Mathematicae. 
Information: Visit the conference Web 
page at http :llwin-www.uia.ac.belul 
icra99l, or contact one of the organizers 
at Dept. of Mathematics and Computer 
Science, University of Antwerp (UIA), Uni
versiteitsplein 1, B-2610 Antwerp, Belgium; 
tel: +32-3-820-24-01; fax: +32-3-820-24-21; 
e-mail: icra99@uia . ua. ac . be. 

* 7-9 Canadian Operational Research So
ciety Conference (CORS '99), Windsor, 
Ontario, Canada. 
Chairs: General chair: R. Caron (rcaron@ 
uwindsor. ca); program chair: D. Stanford 
(stanford@fisher.stats.uwo.ca). 
Abstracts: Due date: March 1, 1999. 
Information: Web site: http : I lwww . cors. 
calwindsor I. 

'' 1 1-1 2 Mathematical Physics and Quan
tum Field Theory, University of California, 
Berkeley, California. 
Organizers: P. Hislop, Mathematics Dept., 
Univ. of Kentucky, Lexington, KY 40506-
0027; tel: 606-25 7-3470; e-mail:hislop@ms. 
uky. edu; H. Warchall, Mathematics Dept., 
Univ. of North Texas, Denton, TX 76203-
5118;tel: 940-565-3531;e-mail:hankw©unt. 
edu. 
Focus: Symposium on the occasion of the 
seventieth birthday of Eyvind H. Wichmann, 
professor emeritus of physics at the Univ. of 
California, Berkeley. Talks will take place at 
the Berkeley Physics Department on Friday 
and Saturday, June 11 and 12. Symposium 
banquet on Friday evening. Social outing 
on Sunday, June 13 . 
Topics: Mathematical physics, quantum 
field theory, and related topics. 
Information: To receive additional informa
tion or to contribute a talk, contact either 
of the organizers. 

* 1 1-1 3 20th Annual Meeting of the Cana
dian Applied and Industrial Mathematical 
Society (CAIMS-99), Universite Laval, Que
bec, Canada. 
Supported by: The Canadian Applied and 
Industrial Mathematical Society (CAlMS), 
Le Centre de Recherche Mathematiques 
de Montreal (CRM), The Field Institute for 
Research in Mathematics, SIAM, GAMM. 
Scientific Committee: ]. Belair (Univ. de 
Montreal), F. Bergeron (UQAM),]. Clements 
(Dalhousie Univ.), M. Fortin (chair), 
H. Manouzi (Univ. Laval), R. Miura (UBC), 
B. Moodie (Univ. of Alberta), B. Simpson 
(Univ. of Waterloo). 
Invited Keynote Speakers: G. Alefeld, 
0. Diekeman, M. Gunzburger. 
local Organization Committee: M. Beau
champ, M. Fortin, ]. ]. Gervais, H. Manouzi, 
R. Pierre. 
Minisymposia Themes: Dynamical sys
tems in physiology; bifurcation theory; 
population dynamics; control problems for 
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nonlinear partial differential equations; nu
merical methods and simulations for non
linear partial differential equations; inter
val arithmetic: algebraic problems; inter
val arithmetic: continuous problems; quan
tum computic; combinatorics and symbolic 
computations; fluid mechanics. The meet
ing will be held concurrently with the 
"Journee des Elements Finis", a one-day 
industrial mathematics workshop, the sub
ject of which will be "Numerical Methods 
in Biomechanics". 
Deadlines: Deadline for receipt of ab
stracts: Friday, April 30, 1999; deadline 
for registration (on site): Thursday, June 
10, 1999. 
Information: Further information on fees, 
etc., is available at the conference Web site: 
http:llwww .mat.ulaval.calcaims99l, 
where it is possible to register elec
tronically; get the material for abstract 
submission. Contact (e-mail preferred) 
R. Pierre, CAlMS-99, Departement de Math
ematiques et Statistique, Universite Laval, 
Quebec, QC, G1K 7P4, Canada; tel: 1-418-
656-2972; fax: 1-418-656-2817; e-mail: 
rpierre@mat .ulaval . ca. 

'' 1 6-1 9 Joint Conference of the 5th Barce
lona Logic Meeting and the 6th Kurt Godel 
Colloquium, Casa de la Caritat, Barcelona, 
Spain. 
Lecturers: V. Danos (Univ. de Paris 7), 
L. van den Dries (Univ. of Illinois at Urbana
Champaign), M. Foreman (Univ. of Califor
nia, Irvine), I. Juhasz (Hungarian Academy 
of Sciences), B. Kim (MIT), L. Libkin (Bell Lab
oratories), A. Macintyre (Edinburgh Univ.), 
H. Ono (Japan Advanced Institute of Sci
ence and Technology), D. Pigozzi (Iowa State 
Univ.), J. P. Ressayre (Univ. de Paris 7). 
Information: http: I lcrm. eslinfol 
cobalome .htm. 

'' 19-23 NSF-CBMS Regional Conference 
on Mathematical Analysis of Viscoelas
tic Flows , University of Delaware, Newark, 
Delaware. 
Principal Lecturer: M. Renardy (Virginia 
Tech). 
Organizers: D. 0. Olagunju (Univ. of Dela
ware),olagunju@math. udel. edu;andY.Re
nardy (Virginia Tech.), renardyy@math. vt . 
edu. 
Information: Visit the Web site: http : I I 
www.math.udel.edul -olagunjulcbmsl, or 
contact the organizers. 

* 1 9-2 5 Dynamics ofPatterns,Anogia, Crete, 
Greece. 
Background: The Foundation for Research 
and Technology-Hellas (Institute of Applied 
and Computational Mathematics), in collab
oration with the Univ. of Crete (Dept. of 
Mathematics), will continue in 1999 the 
series Euroconferences in Mathematics on 
Crete. 
Organizers: N. Alikakos (Athens, Greece), 
G. Papanicolaou (Stanford Univ.) 
Sponsor: The Training and Mobility of Re
searchers Programme of the Commission 
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of the European Union. 
Main Speakers: G. Fusco (L'Aquila, Italy), 
W. Jaeger (Heidelberg, Germany), S. Mueller 
(Leipzig, Germany), E. Presutti (Rome, Italy), 
M. Saner (Princeton, NJ), M. Struwe (Zurich, 
Switzerland). 
Location: The conferences will take place at 
the Anogia Academic Village, http : I lwww. 
uch.griTmhmataiMATHEMATICSianogia. 
html, a conference center located in the 
traditional Cretan village of Anogia on the 
slopes of Mount Ida. 
Support: The Training and Mobility of Re
searchers Programme financially supports 
young researchers from the countries of 
the European Economic Area and Israel, as 
well as researchers from certain countries 
in Central and Eastern Europe, to enable 
them to attend the conferences. There will 
also be some limited funds from other 
sources available to support participants 
not belonging to the above groups. Support 
can cover (all or certain) travel, living, and 
registration expenses. 
Information: Contact the local coordina
tor: S. Papadopoulou, Dept. of Mathematics, 
Univ. of Crete, Heraklion, Crete, Greece; fax: 
81-393881; e-mail: souzana@math.uch.gr; 
or N. Alikakos, Dept. of Mathematics, Univ. 
of Athens, Panepistimiopolis, 15784 Zo
grafou, Athens, Greece; e-mail: nalikako@ 
cc.uoa.gr. 

'' 21-26 Conference on Symplectic Geom
etry, Instituto Superior Tecnico, Lisboa, 
Portugal. 
Confirmed Speakers: M. Au din (Strasbourg), 
P. Biran (Stanford), Y. Eliashberg (Stan
ford), H. Geiges (Leiden), V. Ginzburg (Santa 
Cruz), E. Giroux (Lyon), V. Guillemin (MIT), 
Y. Karshon (Jerusalem), D. McDuff (Stony 
Brook), L. Polterovich (Tel-Aviv), S. Tolman 
(Illinois), A. Weinstein (Berkeley), J. Weits
man (Santa Cruz). 
Program: There will be about 20 one-hour 
lectures on symplectic geometry and sym
plectic topology. The conference will start 
in the morning of Monday, June 21, and will 
finish in the afternoon of Saturday, June 
26, with two half-days for sightseeing. A 
two-week course on algebraically integrable 
systems by M. Audin will take place in the 
weeks before and after the conference (June 
14-18 and June 28-July 2). 
Deadlines: Application for partial funding: 
April1, 1999; application for local arrange
ments: May 1, 1999. 
Information: URL: http: I lwww. math. ist. 
utl . ptl omega99. html; e-mail: omega99@ 
math.ist.utl.pt; tel: +351-1-841-7113; 
fax: +351-1-841-7598; postal address: 
Conference on Symplectic Geometry, a/c 
A. Cannas da Silva, Departamento de 
Matematica, Instituto Superior Tecnico, 
1049-001 Lisboa, Portugal. 

'' 21--2 7 European Summer Courses 1999, 
C.I.M.E.: Computational Mathematics 
Driven by Industrial Applications, Mar
tina Franca (Taranto), Italy. 
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Organizers: The C.I.M.E. Foundation (Inter
national Mathematical Summer Center). 
Scientific Direction: V. Capasso (Univ. di 
Milano), J. Periaux (Dassault Aviation), H. W. 
Engl (Univ. of Linz). 
Courses: Five lectures in English on: 1) 
Path, trees and flows: Graph optimisa
tion problems with industrial applications, 
R. Burkard (Technische Univ. Graz); 2) New 
computational concepts, adaptive differ
ential equation solvers and virtual labs, 
P. Deuflhard (Konrad Zuse Zentrum, Berlin); 
3) Computational methods for aerodynamic 
analysis and design, A. Jameson (Stanford 
Univ.); 4) Mathematical problems in indus
try, J.-L. Lions (Academy of Sciences, Paris, 
and Dassault Aviation); 5) Wavelet trans
forms and cosine transform in signal and 
image processing, G. Strang (MIT). 
Seminars: Two-hour seminars will be held 
by the scientific directors and R. Matthej: 1) 
Mathematics of the crystallisation process 
of polymers, V. Capasso (Univ. di Milano); 
2) Inverse problems: Regularization meth
ods, application in industry, H. W. Engl 
(Johannes Kepler Univ., Linz); 3) Mathemat
ics of glass, R. Mattheij (TU Eindhoven); 
4) Combining game theory and genetic al
gorithms for solving multi-objective shape 
optimisation problems in aerodynamics en
gineering, J. Periaux (Dassault Aviation). 
Applications: Those who want to attend 
the session should send an application to 
the director of C.I.M.E at the address below, 
no later than April 30, 1999. 
Information: Contact: Fondazione C.I.M.E., 
c/o Dipartimento di Matematica "Ulisse 
Dini", Viale Morgagni, 67 I A, 50134 Firenze, 
Italy; tel.: +39-55-434975/+39-55 -4237123; 
fax: +39-55-434975/+39-55-4222695; e
mail: cime@udini. math . unif i. it; C.I.M.E. 
director A. Cellina or Attention C.I.M.E. sec
retary V. Vespri. Information can also be 
found on the C.I.M.E. Web page, http : I I 
www.math.unifi.itlcimelwelcome.to. 
cimel 

'' 21-July 3 PDEs in Models of Superfluid
ity, Superconductivity and Reactive Flow 
(NATO Advanced Study Institute), Cargese, 
Corsica, France. 
Scientific Committee: H. Berestycki (Paris), 
L. A. Caffarelli (Austin), L. P. Kadanoff 
(Chicago), J. R. Ockendon (Oxford), 
Y. Pomeau (Paris), V. I. Zakharov (Mos
cow). 
Aim: The development of modelling in 
the fields of superconductivity, superflu
ids, reactive flows, and combustion has 
given rise to a variety of highly sophis
ticated mathematical problems involving 
nonlinear partial differential equations. At 
the same time, there have been many im
portant developments in the mathematical 
treatment of PDEs. The aim of this ASI is to 
bring together mathematicians with physi
cists working in these various topics and to 
give comprehensive and tutorial presenta
tions of the basic ideas and more advanced 
developments and thus to encourage ex
changes between these fields. The program 
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is therefore meant to be interdisciplinary. 
Main Lecturers: M. Ausloos, H. Berestycki, 
H. Brezis, S. ]. Chapman, L. P. Kadanoff, 
R. Klein, D. Levermore, A. Newell, Y. Pomeau, 
]. F. Rodrigues, H. Stone, G. Tarantella, F. A. 
Williams, V. I. Zakharov, E. Zuazua. 
Applications: Registration forms and fi
nancial conditions are available from 
C. Philippe, Laboratoire de Physique Statis
tique, 24 rue Lhomond, 75231 Paris Cedex 
05, France; tel: 00 33 1 44 32 37 65; e-mail: 
pde99@physique .ens .fr. 
Information: http : //www. phys. ens. fr I 
cargese/english/schools/ecole_pde . 
htm. 

* 25-30 Number Theory and Arithmetical 
Geometry: Arakelov Geometry and Appli
cations, Obernai (near Strasbourg), France. 
Organizer: ].-B. Bost (Bures-sur-Yvette). 
Background: The Programme of Euro
pean Research Conferences (EURESCO) was 
launched ten years ago and is run by the 
European Science Foundation, largely with 
funding from the Euroconferences Activ
ity of the European Union. Each conference 
consists of a series of meetings, held typ
ically every other year. There are neither 
written contributions nor proceedings. Un
conventional ideas and new approaches, 
not yet fully explored, are encouraged. 
Information and Application Forms:]. Hen
dekovic, European Science Foundation, Of
fice of European Research Conferences (EU
RESCO), 1 quaiLezay-Marnesia, 67080 Stras
bourgCedex,France;fax+33 (0)3 88 366987; 
e-mail: euresco@esf. org; WWW: http : / / 
www .esf.org/euresco/. 

* 26-July 2 Holomorphic Dynamics, Anogia, 
Crete, Greece. 
Background: The Foundation for Research 
and Technology-Hellas (Institute of Applied 
and Computational Mathematics), in collab
oration with the Univ. of Crete (Dept. of 
Mathematics), will continue in 1999 the 
series Euroconferences in Mathematics on 
Crete. 
Organizers: K. Athanassopoulos (Crete, 
Greece), S. Bullett (London, U.K.), A. Douady 
(Paris-Sud, France), B. Harvey (London, U.K.). 
Sponsor: The Training and Mobility of Re
searchers Programme of the Commission 
of the European Union. 
Main Speakers: K. Astala (Jyvaskyla, 
Finland), B. Branner (Lyngby, Denmark), 
A. Douady (Paris-Sud, France), ]. Hub
bard (Cornell Univ.), M. Lyubich (Stony 
Brook), ]. Milnor (Stony Brook), ].-C. Yoccoz 
(Paris-Sud, France). 
Location: The conferences will take place at 
the Anogia Academic Village, http : / / www. 
uch .gr/Tmhmata/ MATHEMATICS/anogia. 
html, a conference center located in the 
traditional Cretan village of Anogia on the 
slopes of Mount Ida. 
Support: The Training and Mobility of Re
searchers Programme financially supports 
young researchers from the countries of 
the European Economic Area and Israel, as 
well as researchers from certain countries 
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in Central and Eastern Europe, to enable 
them to attend the conferences. There will 
also be some limited funds from other 
sources available to support participants 
not belonging to the above groups. Support 
can cover (all or certain) travel, living, and 
registration expenses. 
Information: Contact the local coordina
tor: S. Papadopoulou, Dept. of Mathematics, 
Univ. of Crete, Heraklion, Crete, Greece; fax: 
81-393881; e-mail: souzana@math.uch.gr; 
or S. Bullett, School of Mathematical Sci
ences, Queen Mary & Westfield College, Univ. 
of London, Mile End Road, London El 4NS, 
UK; e-mail: s. r. bullett@qmw . ac . uk. 

* 26-July 2 Algebra and Discrete Mathe
matics: Infinite Combinatorics and Their 
Impact on Algebra, Hattingen (near Essen), 
Germany. 
Organizers: S. Shelah (Jerusalem) and 
R. Goebel (Essen). 
Background: The Programme of Euro
pean Research Conferences (EURESCO) was 
launched ten years ago and is run by the 
European Science Foundation, largely with 
funding from the Euroconferences Activ
ity of the European Union. Each conference 
consists of a series of meetings, held typ
ically every other year. There are neither 
written contributions nor proceedings. Un
conventional ideas and new approaches, 
not yet fully explored, are encouraged. 
Information and Application Forms:]. Hen
dekovic, European Science Foundation, Of
fice of European Research Conferences (EU
RESCO), 1 quaiLezay-Marnesia, 67080 Stras
bourgCedex, France; fax+33 (0) 3 88 36 69 87; 
e-mail: euresco@esf. org; WWW: http :// 
www.esf.org/euresco/. 

'' 26-July 2 Holomorphic Dynamics, Anogia, 
Crete, Greece. 
Information: The Foundation for Research 
and Technology-Hellas (Institute of Applied 
and Computational Mathematics), in collab
oration with the University of Crete (Depart
ment of Mathematics), will continue in 1999 
the series Euroconferences in Mathematics 
on Crete. 
Sponsor: The Training and Mobility of Re
searchers Programme of the Commission 
of the European Union. 
Organizers: K. Athanassopoulos (Crete, 
Greece), S. Bullett (London, U.K.), A. Douady 
(Paris-Sud, France), B. Harvey (London, U.K.). 
Main Speakers: K. Astala (Jyvaskyla, 
Finland), B. Branner (Lyngby, Denmark), 
A. Douady (Paris-Sud, France), ]. Hub
bard (Cornell Univ.), M. Lyubich (Stony 
Brook),]. Milnor (Stony Brook), ].-C. Yoccoz 
(Paris-Sud, France). 
Location: The conferences will take place at 
the AnogiaAcademic Village ( http :/ /www . 
uch. gr/Tmhmata/MATHEMATICS/ anogia . 
ht ml), a conference center located in the 
traditional Cretan village of Anogia on the 
slopes of Mount Ida. 
Support: The Training and Mobility of Re
searchers Programme financially supports 
young researchers from the countries of 
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the European Economic Area and Israel, as 
well as researchers from certain countries 
in Central and Eastern Europe, to enable 
them to attend the conferences. There will 
also be some limited funds from other 
sources available to support participants 
not belonging to the above groups. Sup
port can cover (all or certain) travel, living, 
and registration expenses. For information 
please contact the local coordinator of the 
conference series. 
Information: For additional information 
please contact the local coordinator: S. Pa
padopoulou, Dept. of Mathematics, Univ. 
of Crete, Heraklion, Crete, Greece; fax: 81-
393881; e-mail: souzana@math.uch.gr; or: 
S. Bullett, School of Mathematical Sciences, 
Queen Mary & Westfield College, Univ. of 
London, Mile End Road, London E1 4NS, 
United Kingdom; e-mail: s . r. bullett@ 
qmw . ac. uk. 

'' 27-July 4 Local and Global Problems 
for Dirac Operators, Ixatapa, Zihuatanejo, 
Mexico. 
Organizers: W. Sproessig, Technical Univ. 
of Freiberg, Germany (sproessig@math . 
tu-freiberg .de) and John Ryan, Univ. of 
Arkansas (j ryan2@osf 1 . gmu . edu). 
Program: To study the recent develop
ments in the theory and application of 
Dirac operators in analysis, including har
monic analysis, several complex variables, 
boundary problems and Hardy spaces. 
Deadline for Abstracts: March 31, 1999. 

* 28-July 1 The 5th Experimental Chaos 
Conference, Orlando, Florida. 
Conference Organizers: M. Ding, Cen
ter for Complex Systems, Florida Atlantic 
University, Boca Raton, FL 33431; 407-
367-2324; fax 407-367-3634; ding@daffy. 
ccs . fau. edu; W. L. Ditto, Applied Chaos 
Lab., School of Physics, Georgia Institute 
of Technology, Atlanta, GA 30332; 404-
894-5216; fax 404-894-9958; wditto@acl. 
gatech. edu; A. Osborne, Dipartimento di 
Fisica Generale, via Pietro Giuria 1, 10125 
Torino, Italy; osborne@ph. uni to . it; M. L. 
Spano, NSWC, Carderock Lab., 9500 Mac
Arthur Blvd., Code 684, W. Bethesda, MD 
20817; 301-227-4466; fax 301-227-4449; 
mark@ chaos. dt . navy . mil; L. M. Pecora, 
Naval Research Lab., Code 6343, Wash
ington, DC 20375; 202-767-6002; fax 202-
767-1697; pecor a@zoltar.nrl .navy. mil. 
Sponsor: M. Shlesinger, Physical Sciences 
Division, Office of Naval Research 331, 
Arlington, VA 2221 7; 703-696-4220; fax 
703-696-6887; shlesim@onr .navy .mil. 
Scope: This conference will include ex
perimental aspects of nonlinear dynamics 
with an emphasis on the physical, engi
neering, and biological sciences. Prelimi
nary topics include: Spatiotemporal chaos 
and patterns, Quantum chaos (dots, r .f. 
waves, acoustic waves, etc.), Optics, Hydro
dynamics and turbulence (including mete
orology and oceanography), Biology, Con
densed matter systems, Control of chaos, 
Mechanical systems, Geophysics, Synchro-
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nization, Electronic circuits, and General 
chaotic systems. 
Information: The conference will be held 
at Coronado Springs Resort, Walt Disney 
World, Orlando, Florida. The conference 
is sponsored by the Office of Naval Re
search. Members of the worldwide scien
tific, medical, and engineering communities 
interested in recent developments and tech
niques of experimental nonlinear dynamics 
are invited to attend the conference and 
to contribute to its technical sessions and 
workshops. Additional information will be 
mailed to you if you visit our Web site, 
http://www.physics.gatech.edu/ecc5/. 

* 28-July 6 European SummerCourses 1999, 
C.I.M.E.: lwahori-Hecke Ale bras and Repre
sentation Theory, Martina Franca (Taranto), 
Italy. 
Organizer: The C.I.M.E. Foundation (Inter
national Mathematical Summer Center). 
Scientific Direction: V. Baldoni (Univ. di 
Roma "Tor Vergata") and D. Barbasch (Cor
nell Univ.). 
Courses: Six lectures in English on: 1) 
Double Heeke algebras and applications, 
I. Cherednik (Univ. of North Carolina at 
Chapel Hill), 2) Representation theory of 
affine Heeke algebras, G. Heckman (Catholic 
Univ., Nijmegen, Netherlands), 3) Represen
tations of affine Heeke algebras, G. Lusztig 
(MIT), 4) Affine-like Heeke algebras and p
adic representation theory, R. Howe (Yale 
Univ.). 
Applications: Those who want to attend 
the session should send an application to 
the director of C.I.M.E at the address below, 
no later than April 30, 1999. 
Information: Contact: Fondazione C.I.M.E., 
c/ o Dipartimento di Matematica "Ulisse 
Dini", Viale Morgagni, 67 I A, 50134 Firenze, 
Italy; tel.: +39-55-434975/ +39-55-4237123; 
fax: +39-55-434975/ +39-55-4222695; e
mail: cime@udini.math .unifi.it; At
tention C.I.M.E. director A. Cellina or 
C.I.M.E. secretary V. Vespri. Information 
can also be found on the C.I.M.E. Web 
page, http://www.math .unifi.it/cime/ 
welcome.to.cime/. 
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* 1 -1 0 European Summer Courses 1999, 
C.I.M.E.:Theory and Applications ofHamil
tonian Dynamics, Cetraro(Cosenza), Italy. 
Organizer: The C.I.M.E. Foundation (Inter
national Mathematical Summer Center). 
Scientific Direction: A. Giorgilli (Univ. Di 
Milano). 
Courses: Six lectures in English on: 1) 
Physical applications of Nekhoroshev the
orem and exponential estimates, G. Benet
tin (Univ. di Padova, Italy), 2) KAM-theory, 
H. Eliasson (Royal Institute of Technology, 
Stockholm, Sweden), 3)The adiabatic invari
ant in classical dynamics: Theory and ap
plications, ]. Henrard (Facultes Univ. Notre 
Dame de la Paix, Namur, Belgium), 4) Some 
aspects of qualitative theory of Hamilton
ian PDEs, S. B. Kuksin (Heriot-Watt Univ., 
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Edinburgh, and Steklov Institute, Moscow), 
5) An overview on some problems in celes
tial mechanics, C. Sima (Univ. de Barcelona, 
Spain). 
Applications: Those who want to attend 
the session should send in an application 
to the director of C.I.M.E at the address 
below, no later than April 30, 1999. 
Information: Contact: Fondazione C.I.M.E., 
c/ o Dipartimento di Matematica "Ulisse 
Dini", Viale Morgagni, 67 I A, 50134 Firenze, 
Italy; tel.: +39-55-434975/ +39-55-4237123; 
fax: +39-55-434975/ +39-55-4222695; e
mail: cime@udini.math.unifi.it; At
tention C.I.M.E. director A. Cellina or 
C.I.M.E. secretary V. Vespri. Information 
can also be found on the C.I.M.E. Web 
page, http://www .math .unifi . it/cime/ 
welcome.to.cime/. 

'' 2-5 Vlllth Oporto Meeting on Geome
try, Topology and Physics, Dep. Matemat
ica Pura, Fac. Ciencias, Oporto University, 
Oporto, Portugal. 
Aim: The aim of the Oporto meetings is to 
bring together mathematicians and physi
cists interested in the interrelationship be
tween geometry, topology and physics and 
to provide them with a pleasant and infor
mal environment for scientific interchange. 
Topics: The focus themes for this year are: 
1. spinors and geometry, 2. integrability 
& algebraic geometry and, 3. topological 
quantum field theory. The meeting will 
consist largely of four short courses, of 
approximately three lectures each, given 
by the main speakers, supplemented by a 
limited number of seminars (more details 
later). The talks are at the advanced graduate 
or postdoctoral level, and should be of 
interest to all researchers wishing to learn 
about recent developments in the overlap 
between geometry, topology, and physics. 
Main Speakers: R. Donagi (Univ. of Penn
sylvania): Spectral curves, integrable sys
tems, and moduli; ]. Froehlich (Institut 
fur Theoretische Physik): Supersymmetry 
and noncommutative geometry; E. Getzler 
(Northwestern Univ.): The Virasoro conjec
ture for Gromov-Witten invariants: A status 
report; I. Krichever (Columbia Univ.): Mod
uli spaces of Riemann surfaces and 2D 
integrable systems. 
Information: WWW: http: I /fisica. ist. 
utl.pt/-jmourao/om/omviii/textoom99b. 
html. 

* 3-9 Computer Vision and Speech Recog
nition: Statistical Foundations and Appli
cations, Anogia, Crete, Greece. 
Background: The Foundation for Research 
and Technology-Hellas (Institute of Applied 
and Computational Mathematics), in collab
oration with the University of Crete (Depart
ment of Mathematics), will continue in 1999 
the series Euroconferences in Mathematics 
on Crete. 
Organizers: B. Gidas (Brown Univ.), D. Mum
ford (Brown Univ.). 
Sponsor: The Training and Mobility of Re
searchers Programme of the Commission 
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of the European Union. 
Main Speakers: Y. Amit (Chicago), 0. Catoni 
(Paris VI, France), P. Diakonis (Stanford), 
0. Faugeras (INRlA Sophia Antipolis, 
France), D. Geman (Ecole Polytechnique, 
Palaiseau, France), S. Geman (Brown Univ.), 
I. Johnstone (Stanford), C. Regazzoni 
(Genoa, Italy), S. Ullmann (Weizmann In
stitute, Israel), ]. Zerubia (INRlA Sophia 
Antipolis, France). 
Location: The conferences will take place at 
the Anogia Academic Village, http: I /www. 
uch.gr/Tmhmata/MATHEMATICS/anogia. 
html, a conference center located in the 
traditional Cretan village of Anogia on the 
slopes of Mount Ida. 
Support: The Training and Mobility of Re
searchers Programme financially supports 
young researchers from the countries of 
the European Economic Area and Israel, as 
well as researchers from certain countries 
in Central and Eastern Europe, to enable 
them to attend the conferences. There will 
also be some limited funds from other 
sources available to support participants 
not belonging to the above groups. Support 
can cover (all or certain) travel, living, and 
registration expenses. 
Information: Contact the local coordina
tor: S. Papadopoulou, Dept. of Mathematics, 
Univ. of Crete, Heraklion, Crete, Greece; fax: 
81-393881; e-mail: souzana@math.uch .gr; 
or B. Gidas, Division of Applied Mathe
matics, Brown Univ., Providence, RI 02912; 
e-mail: gidas@dam. brown. edu. 

* 5 Mathematical Finance Workshop, Edin
burgh, Scotland. 
Aim: The workshop aims to cover a broad 
spectrum of issues, from recent progress 
in theoretical mathematical finance to the 
concrete impact this has had on our un
derstanding of the management of asset 
portfolios. 
Speakers: A. Dassios (London School of 
Economics): Quantile and other options de
pendent on occupation times of Brownian 
motion; H. Pham (Equipe d'Analyse et de 
Mathematiques Appliquees, Univ. de Marne
la-vallee): Optimization in incomplete and 
constrained markets; B. Werker (Univ. Li
bre de Bruxelles): Estimation via stochastic 
volatility and GARCH models; E. Whalley 
(Warwick Univ.): Option pricing with trans
action costs. 
Contributed Talks: Contributed talks of 
25 minutes are invited from students, 
academic researchers, and industrial re
searchers alike. The deadline for submis
sion of abstracts by e-mail or regular mail is 
May 15, 1999. Confirmation of acceptance 
will be given by June 5. 
Information: Inquiries concerningthework
shop should be addressed to F. Avram, 
e-mail: florin@ma. hw. ac. uk, and A. Kypri
anou. 

''5-9 Quadratic Forms and Their Applica
tions, University College, Dublin, Ireland. 
Organizers: E. Bayer-Fluckiger, Besant;:on 
(bayer@math. uni vfcomte. fr); D. Lewis, 
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Dublin (dwlewis@ollamh. ucd . ie); and 
A. Ranicki, Edinburgh (aar@maths. ed. ac. 
uk). 
Sponsors: The conference is supported by 
the European Union under the auspices of 
the TMR network project "K-Theory, Linear 
Algebraic Groups and Related Structures". 
Speakers: The main speakers will be 
A. Berge (Bordeaux), ]. ]. Boutros (Paris), 
J. H. Conway (Princeton), D. Hoffmann 
(Besanc;:on), C. Kearton (Durham), M. Kreck 
(Mainz/Oberwolfach), R. Parimala (Bom
bay), M. Rost (Regensburg), W. Scharlau 
(Muenster), J.-P. Serre (Paris), M. Taylor 
(Manchester), C. T. C. Wall (Liverpool). 
Registration: http: I lmathsa. ucd. iel 
TMRiquadconf.html. 

* 5-August 21 Summer Semester on Com
plex Potential Theory and its Applica
tions, Feza Gursey Institute, Istanbul, Tur
key. 
Emphasis: Fez a Gursey Institute will host a 
research-teaching semester (July 5-August 
6 and August 16-21, 1999) on Complex 
Potential Theory (CPT) and its applications. 
There will be a workshop in Edirne (Linear 
Topological Spaces and Complex Analy
sis III) August 9-August 13, emphasizing, 
mainly, the connection between complex 
analysis and functional analysis. 
Organizers: A. Aytuna (Middle East Tech
nical Univ.), T. Terzioglu (Sabanci Univ.) 
and V. Zahariuta (Feza Gursey Institute & 
Rostov State Univ.). 
Purpose: CPT is a relevant potential theory 
for the multidimensional complex analysis 
that deals with plurisubharmonic functions 
and maximal plurisubharmonic functions; 
it is strongly connected with the study of 
the complex Mange-Ampere equation. CPT 
is an active area of research in mathe
matics with applications in approximation 
and interpolation theory, partial differen
tial equations, complex dynamical systems, 
differential geometry, number theory and 
so on. The aim, during the semester, is 
to impart the main ideas of CPT to ad
vanced graduate students and other inter
ested mathematicians through a series of 
lectures by leading researchers in the field 
as well as to proceed scientific discussions 
of the advanced results and some open 
problems in CPT. 
Lecturers: The semester will consist largely 
of courses taught by invited lecturers. The 
following specialists will provide 10-15 
hour courses of lectures each: A. Ay
tuna (METU, Turkey): Introduction to the 
classical potential theory in the complex 
plane; S. Kolodzej (Jagellonian Univ., Kra
cow, Poland): The main aspects of CPT and 
Monge Ampere equations; E. Poletsky (Syra
cuse Univ., USA): Plurisubharmonic currents 
and pluripotentials; ]. Siciak (Jagellonian 
Univ., Kracow, Poland): Pluripotentials and 
their applications in interpolation and ap
proximation theory; D. Vogt (Wuppertal 
Univ., Germany): CPT, Phraghmen-Lindelof 
Principles and applications to partial dif
ferential equations; V. Zahariuta (Rostov 
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State Univ., Russia & Fez a Gursey Institute): 
Plurisubharmonic functions and analytic 
functions of several complex variables. 
Participation: Candidates should send in 
their request for participation directly to 
the Feza Gursey Institute ( http : I lwww. 
gursey. gov. tr I complex. html). TUB IT AK 
will fully support those participants from 
the outlying universities within Turkey. 
Those institutions which are able to provide 
funds are expected to meet at least part of 
the living expenses of the participants. 
Deadlines: Candidates requesting financial 
support: June 1, 1999; candidates notre
questing financial support: June 15, 1999. 
The organizing committee will make run
ning evalutations and will communicate its 
decisions to all the candidates within as 
short a time as possible. 

* 6 lntuitionistic Modal Logics and Ap
plications, IMLA'99 (Satellite to LICS'99), 
Trento, Italy. 
Organizers: M. Fairtlough (Univ. of 
Sheffield), M. Ferrari (Univ. of Milan), 
M. Mendler (Univ. of Sheffield), 
Program Committee: M. Fairtlough (Shef
field), Z. Luo (Durham), M. Mendler 
(Sheffield), P. Miglioli (Milan), E. Maggi 
(Genova), A. Pitts (Cambridge), T. Stroup 
(Passau). 
Speaker: F. Pfenning (Pittsburgh). 
Goal: Intuitionistic and modal logics are 
of foundational relevance to computer sci
ence, and both have led to successful ap
plications in the formal specification and 
verification of computer systems. The intu
itionistic and modal frameworks are usually 
investigated separately. However, a grow
ing body of published work, stimulated 
by theoretical considerations and fed by 
various applications in computer science, 
shows that both paradigms may fruitfully 
be merged. Intuitionistic modal logic (IML) 
and modal type theory (MTT) can exploit 
both the proof-theoretic strengths of in
tuitionistic logic and the model-theoretic 
features of modal logics. The potential and 
the challenge of IML and MTT both lie in 
finding a satisfactory combination of its in
tensional and its extensional aspects. This 
one-day workshop is intended to seed a 
more concerted organization of the on
going research in the area of IML, bring
ing together the method-oriented and the 
problem-oriented approaches on the one 
hand, and the proof-theoretic and model
theoretic ones on the other. This will create 
fruitful research stimuli through the fric
tion between engineering applications and 
pure theory, and between intensional and 
extensional lines of thinking. 
Topics: Applications of intuitionistic ne
cessity or possibility, strong monads, or 
evaluation modalities; Use of IML and MTT 
to formalize mechanisms of abstraction and 
refinement; Applications of IML and MTT to 
formal verification, abstract interpretation, 
and program analysis and optimization; 
Applications of modal types to integration 
of inductive and co-inductive types, higher-
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order abstract syntax, strong functional 
programming; Extraction of constraints or 
programs, nonstandard information extrac
tion techniques; Curry-Howard correspon
dence between computational lambda cal
culi and computationallogics; Extensions of 
this correspondence by other modalities or 
quantifiers; Models of IML such as algebraic, 
categorical, Kripke, topological, realizabil
ity interpretations; Notions of proof for IML 
and intermediate constructive logics; Proof 
search in and implementations of IML. 
Format: The workshop will be an informal 
one-day meeting with invited talk, regular 
paper presentations, and discussion. 
Publication: The final versions of all work
shop papers will be made available on the 
workshop Web page. Authors of accepted 
papers will be invited to submit full and re
vised versions for a special journal issue of 
Mathematical Structures in Computer Sci
ence (MSCS) dedicated to the topic of the 
workshop. There will be a second round 
of refereeing for MSCS according to high 
journal standards. 
Submissions: There is no page limit for 
workshop contributions, which may be in 
the form of extended abstracts or draft full 
papers. Workshop contributions to be con
sidered for MSCS must be original work that 
has not yet appeared elsewhere. Submis
sions should be sent to floc99imla@dcs . 
shef . ac . uk or to one of the organizers by 
April 2, 1999. 
Deadlines: IMLA submission deadline: 
April 2, 1999; IMLA notification: May 21, 
1999; IMLA final version: June 11, 1999. 
Information: http : I lwww . des. shef . ac. 
ukl-mattlmendlerlfloc-ws.html. 

* 6-1 6 Advanced Course on Mathematical 
Aspects of Image Processing, Centre de 
Recerca Matematica and Centre de Visi6 per 
Computador, Barcelona, Spain. 
Speakers: V. Caselles (Univ. de les Illes 
Balears) and J. M. Morel (Ecole Normale 
Superieure de Cachan): Mathematical mod
els in image processing; S. Mallat (Ecole 
Polytechnique de Palaiseau) and Y. Meyer 
(Ecole Normale Superieure de Cachan): Sig
nal processing with wavelets; J. Serra (Ecole 
des Mines, Paris): Mathematical morphol
ogy. 
Information: http : I lcrm. es/infol 
acmaiplacmaip.html 

'' 7-1 5 European Summer Courses 1999, 
C.I.M.E.: Global Theory of Minimal Sur
faces in Flat Spaces, Martina Franca 
(Taranto), Italy. 
Organizer: The C.I.M.E. Foundation (Inter
national Mathematical Summer Center). 
Scientific Direction: G. P. Pirola (Univ. di 
Pavia). 
Courses: Six lectures in English on: 1) 
Asymptotic geometry of properly embed
ded minimal surfaces, W. H. Meeks III (Univ. 
of Massachusetts, Amherst), 2) Properly em
bedded minimal surfaces with finite total 
curvature, A. Ros (Univ. de Granada, Spain), 
3) Minimal surfaces of finite topology prop-
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erly embedded in E (Euclidean 3-space), 
H. Rosenberg (Univ. Paris VII, France). 
Applications: Those who want to attend 
the session should send an application to 
the director of C.I.M.E at the address below, 
no later than April 30, 1999. 
Information: Contact: Fondazione C.I.M.E., 
cj o Dipartimento di Matematica "Ulisse 
Dini", Viale Morgagni, 67 I A, 50134 Firenze, 
Italy; tel.: +39-55-434975/+39-55-4237123; 
fax: +39-55-434975/+39-55-4222695; e
mail: cime@udini.math.unifi.it; At
tention C.I.M.E. director A. Cellina or 
C.I.M.E. secretary V. Vespri. Information 
can also be found on the C.I.M.E. Web 
page, http:llwww .math.unifi.itlcimel 
welcome.to.cimel. 

* 8-1 7 School on Singularities in Algebraic 
Geometry and String Theory, Complexo 
Interdisciplinar of Universidade de Lis boa, 
Lisbon, Portugal. 
Organizers: C. Florentino, M. M. Lopes, 
J. Mourao, 0. Neto, ]. P. Nunes. 
Aim: Our aim is to have a ten-day school on 
the fascinating interface between singular
ity theory (in complex algebraic geometry) 
and superstring theory. We will have six 
courses by leading experts on both mathe
matical and physical aspects of singularity 
theory. 
Lecturers: P. Aspinwall (Duke Univ.), 
V. Batyrev (Univ. of Tuebingen), Ph. Cande
las (Univ. of Texas), L. Dung-Trang (Univ. de 
Provence), M. S. Narasimhan (International 
Center for Theoretical Physics), M. Reid 
(Univ. of Warwick). 
Deadline: For registration: April 30, 1999. 
Financial Support: Funda~ao para a 
Ciencia e Tecnologia, Centro de Algebra 
da Universidade do Lisboa, Centro de 
Amilise Matematica, Geometria e Sis
temas Dinamicos, Centro de Matematica 
e Aplica~oes Fundamentais, Centro In
terdisciplinar de Astrofisica, Project TMR 
ERCFMRXCT980040 "Singularities of Dif
ferential Equations and Foliations". 
Information: http : I lwww. fisica . ist. 
utl.ptl-jmouraolcimlmain.html. 

* 8-24 XXIXth Probability Summer School, 
Saint-Flour (Cantal), France. 
Invited Speakers: E. Bolthausen (Zurich 
Univ., Switzerland), Large deviations and 
interacting random walks and random 
surfaces; E. Perkins (Univ. of British Colum
bia, Vancouver, Canada), Measure-valued 
branching diffusions and interactions; 
A. van der Vaart (Univ. of Amsterdam, 
Netherlands), Semiparametric statistics. 
Information: P. Bernard, Univ. Blaise Pas
cal, Mathematiques Appliquees, F63177 
Aubiere Cedex, France; tel.: 04.73.40.70.52 
or 04.73.40.70.50; fax: 04.73.40.70.64; e
mail: bernard@ucfma.univ-bpclermont. 
fr. 

* 12-14 Feynman Integrals and Related 
Topics, Yonsei University, Seoul, Korea. 
Sponsors: Natural Science Research Inst. 
and Inst. for Mathematical Sciences; Yonsei 
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Univ.; Korean Mathematical Society; Korea 
Science and Engineering Foundation. 
Organizers: S. Albeverio (Ruhr-Univ.), K. S. 
Chang (Yonsei Univ.), T. Hida (Meijo Univ.), 
G. W.Johnson(Univ. ofNebraska), G. Kallian
pur (Univ. ofN. Carolina), M. L. Lapidus (Univ. 
of California, Riverside), Y. M. Park (Yonsei 
Univ.). 
Invited Speakers: S. Albeverio (Ruhr-Univ.), 
Z. Brzezniak (Univ. of Hull), J. Van Cast
eren (Univ.of Antwerp), B. D. Choi (KAIST), 
D. M. Chung (Sogang Univ.), A. B. Cruzeiro 
(Univ. Lisbon), B. DeFacio (Univ. of Mis
souri), T. Hida (Meijo Univ.), T. Ichinose 
(Kanazawa Univ.), B. Jefferies (Univ. of New 
South Wales), G. W. Johnson (Univ. of Ne
braska), G. Kallianpur (Univ. of N. Carolina), 
L. Kauffman (Univ. of Ill., Chicago), M. L. 
Lapidus (Univ. of California, Riverside), Y.]. 
Lee (Cheng Kung Univ.), N. Obata (Nagoya 
Univ.), Y. M. Park (Yonsei Univ.), A. N. Sen
gupta (Louisiana State Univ.), D. A. Storvick 
(Univ. of Minnesota), L. Streit (Bielefeld and 
Lisbon), V. K. Tuan (Kuwait Univ.), A. Tru
man (Univ. of Wales-Swansea), I. S. Wee 
(Korea Univ.), ]. C. Zambrini (Univ. of Lis
bon), T. Zastawniak (Univ. of Hull). 
Call for Papers: We invite submissions for 
20-minute presentations on any aspect of 
Feynman integral and related topics. A one
page abstract typed in AMS-T£)( or k\T£)( 
must be received by June 11, 1999, to be 
considered for inclusion in the program. 
Proceedings: The proceedings of the con
ference will be submitted for publication 
in the ]. of Korean Math. Soc. The deadline 
for submitting a paper for the proceedings 
is July 14, 1999. 
Social Program: Welcome reception, two 
social dinners, and an excursion. A guided 
half-day tour will be organized. One-day 
(or half-day) optional tour (July 15) will be 
arranged. 
Information: K. S. Chang, Dept. of Math
ematics, Yonsei Univ., Seoul, 120-749, Ko
rea; fax: 82-2-392-6634; e-mail: kunchang@ 
bubble.yonsei.ac.kr. 

* 12-1 5 On-Line Decision Making, Rutgers 
University, Busch Student Center, Piscat
away, New Jersey. 
Organizers:Y.Freund,AT&TLabs-Research, 
R. Vohra, Northwestern Univ. 
Local Arrangements: P. Pravato, DIMACS 
Center, pravato@dimacs . rutgers. edu, tel: 
732-445-5929. 
Focus: In recent years there has been 
increasing interest in the analysis of al
gorithms for making repeated decisions 
within an unknown environment. This work 
is going on in a variety of fields, includ
ing: information theory, game theory and 
mathematical economics, machine learn
ing, statistics, computer science, and be
havioral science. To facilitate such collab
orations, we are organizing this workshop 
as an opportunity for people from vari
ous fields to educate themselves about the 
work going on in other fields . 
Information: Y. Freund, AT&T Labs-Re
search, e-mail: yoav@research. att . com; 
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WWW: http:lldimacs .rutgers . edul 
Workshopslindex.html. 

* 1 2-16 British Combinatorial Conference 
1999, University of Kent at Canterbury, 
Canterbury, Kent CT2 7NF, UK. 
Local Organizers: ]. D. Lamb and D. A. 
Preece. 
Rado Lecturer: W. T. Tutte. 
Invited Speakers: S. Ball, C. Colbourn, 
M. Dyer, K. Metsch, ]. Pach, R. Thomas, 
C. Thomassen, N. Wormald. 
lnformation:http: I lwww. ukc . ac . ukiCBSI 
mslbcc171. 

'' 12-1 7 Workshop on "Model Theory and 
Permutation Groups", UniversityofTrento, 
Italy. 
Aim: In recent years infinite permutation 
groups have been the subject of intensive 
investigation. An interesting aspect of this 
area is the interplay between algebra and 
model theory. Aim of the workshop is to 
provide an introduction to this subject and 
to address open problems and possible new 
developments. 
Speakers: D. Evans (Univ. of East Anglia, 
Norwich, UK), D. Macpherson (Univ. of 
Leeds, UK), P. M. Neumann (Univ. of Ox
ford, UK). 
Organizers: S. Baratella and 0. Puglisi (Univ. 
of Trento). 
Information: For information about travel 
and accomodation, please contact E. Nones, 
tel: +39-0461-881166; fax:+39-0461-881122; 
e-mail: enones@amm. uni tn. it . Information 
about the scientific program can be obtained 
from the organizers, tel: +39-0461-881616; 
fax: +39-0461-881624;baratell@science. 
unitn.it, puglisi@science.unitn.it. 

* 13-22 International Conference on Bio
mathematics-Bioinformatics and Appli
cations of Functional Differential Differ
ence Equations, Akdeniz University, An
talya, Turkey. 
Focus: The aim of the conference is to stimu
late collaboration between mathematicians 
and bioscientists and to act as a forum 
for the exchange of recent research results 
and new perspectives in those fields. In 
addition, the conference is devoted to a 
rapidly growing interdisciplinary domain 
of science where experimental biology and 
medicine, biochemistry, functional differ
ential and difference equations, stochas
tic functional differential equations and 
stochastic processing, functional analysis, 
evolution equations, operator theory, com
putational mathematics, and various fields 
of technology all come together. 
Topics: The conference will cover the theory 
of difference and differential equations with 
applications to related disciplines within 
biology and medicine, including immunol
ogy, epidemiology, evolution, population 
dynamics and ecology, molecular biology, 
cell signaling, tumor growth and treatment, 
metabolic modeling, neuromodeling, com
putational biology, cardiovascular model
ing, and biomechanics. In addition, special 
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sessions will be organized around focused 
topics that are particularly new or rapidly 
gaining importance. Titles of the planned 
parallel sessions: Theory of Differential 
Difference Equations; Discrete and Dynam
ical Modeling; Cell and Molecular Biology; 
Ecology and Evolutionary Dynamics; Neural 
Networks and Applications; Epidemiology 
and Theory of Epidemics. 
Organizers: Z. Agur, 0 . Arino, ]. Cush
ing, 0 . Diekmann, S. Elaydi, K. Gopalsamy, 
G. Ladas, E. Litsyn, M. C. Mackey, G. Webb, 
H. Yoshiyuki. 
Local Organizing Committee: H. Akca, 
B. Attili, L. Berezansky, L. Byszewski, 
B. Ciplak, V. Covachev, K. Fiskin, E. Galperin, 
H. Parnas, Z. Taib. 
Information: H. Akca, King Fahd Univer
sity of Petroleum and Minerals, Mathe
matical Sciences Department, P. 0 . Box 
1071, Dhahran 31261, Saudi Arabia; e-mail: 
akca@kfupm. edu. sa, or ciplak@pascal. 
sci . akdeniz.edu .tr, or fiskin@pascal. 
sci.akdeniz.edu.tr. 

'' 1 7-23 Groups of Tree Automorphisms 
and Lattices, Anogia, Crete, Greece. 
Background: The Foundation for Research 
and Technology-Hellas (Institute of Applied 
and Computational Mathematics), in collab
oration with the University of Crete (Depart
ment of Mathematics), will continue in 1999 
the series Euroconferences in Mathematics 
On Crete. 
Organizers: H. Bass (Columbia Univ.), 
A. Lubotzky (Hebrew Univ., Israel), S. Mazes 
(Hebrew Univ., Israel), M. Picardello (Rome 
II, Italy). 
Sponsor: The Training and Mobility of Re
searchers Programme of the Commission 
of the European Union. 
Main Speakers: H. Bass (Columbia Univ.), 
M.Burger(Zurich, Switzerland), P. de laHarpe 
(Geneva, Switzerland), A. Lubotzky (Hebrew 
Univ., Israel), S. Mazes (HebrewUniv., Israel), 
F. Paulin (Paris-Sud, France). 
Location: The conferences will take place at 
the Anogia Academic Village, http : I /www. 
uch.gr/Tmhmata/MATHEMATICS/anogia. 
html, a conference center located in the 
traditional Cretan village of Anogia on the 
slopes of Mount Ida. 
Support: The Training and Mobility of Re
searchers Programme financially supports 
young researchers from the countries of 
the European Economic Area and Israel, as 
well as researchers from certain countries 
in Central and Eastern Europe, to enable 
them to attend the conferences. There will 
also be some limited funds from other 
sources available to support participants 
not belonging to the above groups. Support 
can cover (all or certain) travel, living, and 
registration expenses. 
Information: Contact the local coordinator: 
S. Papadopoulou, Dept. of Mathematics, 
Univ. of Crete, Heraklion, Crete, Greece; 
fax: 81-393881; e-mail: souzana@math. 
uch .gr; or S. Mazes, Dept. of Mathemat
ics, Hebrew Univ. of Jerusalem, Givat Ram, 
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91904 Jerusalem, Israel; e-mail: mozes@ 
math .huj i . ac. il. 

* 19-22 2nd International Symposium on 
Finite Volumes for Complex Applica
tions-Problems and Perspectives, Uni
versity of Duisburg, Germany. 
Organizers: F. Benkhaldoun, D. Hanel, 
and R. Vilsmeier; e-mail: du99@vug . uni
duisburg.de; tel: +49 203 379 2500; fax: 
+49 203 379 3087. 
Focus: The FVCA-Symposium is intended 
to provide a discussion forum for math
ematicians and physicists concerned with 
or interested in finite volume methods for 
any application. 
Topics: Limits of methods and errors; 
Global error analysis; Discontinuous so
lutions and fitting; Multidimensional and 
directional schemes; Systems with source 
terms; Complex geometries and adaptivity; 
Complexity, efficiency and large computa
tions; New fields of application. 
Speakers: F. Coquel (Paris, France), G. De
grez (von Karman Institute, St-Genesius
Rode, Belgium), ]. M. Ghidaglia (ENS de 
Cachan, France), R. Klein (Potsdam In
stitut f. Klimafolgenforschung, Germany), 
R. Lazarov (Lawrence Livermore National 
Laboratory, CA), S. Noelle (Univ. of Bonn, 
Germany), J. A. Sethian (Univ. California, 
Berkeley (to be confirmed)). 
Deadline: For abstracts: March 15, 1999. 
Information: http: I /www. vug. uni
duisburg. de/FVCAII/or contact the orga
nizers. 

'' 19-23 Statistical Inference from Genetic 
Data on Pedigrees, Houghton, Michigan. 
Organizers: J. Dong (Michigan Technologi
cal Univ.), e-mail: jdong@mtu. edu, tel: 906-
482-3177; A. Godbole (Michigan Tech.). 
Topics: E. A. Thompson will deliver ten 
lectures in a most dynamic area of mathe
matical activity-one that lies at the conflu
ence of the fields of statistics, probability, 
molecular biology, and genetics. 
Funding: This is an NSF/ CBMS Regional 
Conference in the Mathematical Sciences 
supported by NSF and Michigan Techno
logical University. Travel and subsistence 
support will be available for about thirty 
participants. 
Information: http : I /www . math. mtu. edu/ 
- jdong/CBMS .html. 

* 1 9-24 CT99 -International Category The
ory Meeting, University of Coimbra, Cairn
bra, Portugal. 
Invited Speakers: S. Awodey (Carnegie Mel
lon Univ.), M. Batanin (Macquarie Univ., Aus
tralia), C. Butz (McGill Univ., Canada), M. P. 
Carrasco (Univ. Granada, Spain), ]. Funk 
(UBC, Canada), S. Mac Lane (Univ. Chicago), 
I. Moerdijk (Univ. Utrecht, Netherlands), 
]. Rosicky (Masaryk Univ., Czech Republic), 
S. Schanuel(SUNY at Buffalo), E. Vitale (Univ. 
Louvain-la-Neuve, Belgium). 
Call for Papers: Contributed talks of 30 
minutes in length in all areas of category 
theory and applications are invited. 
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Scientific Committee: ]. Adamek (Tech. 
Univ. Braunschweig, Germany), B. Ba
naschewski (McMaster Univ., Canada), 
P. T. Johnstone (Univ. of Cambridge, UK), 
A. Joyal (Univ. Quebec, Montreal, Canada), 
F. W. Lawvere (SUNY at Buffalo), D. Scott 
(Carnegie Mellon Univ.), R. Street (Mac
quarie Univ., Australia), W. Tholen (York 
Univ., Canada). 
Organizing Committee: M. M. Clementino, 
G. Gutierres, ]. Picado, M. Sobral, L. Sousa. 
Satellite Event: School on Category Theory 
and Applications, University of Coimbra, 
Portugal, July 13-17, 1999; http : I /www . 
mat. uc. pt;- seta/; e-mail: scta@mat. uc . 
pt. 
Information: For detailed information visit 
the conference Web page http : I /www .mat . 
uc. pt;- ct99/, or send e-mail to ct99@mat . 
uc.pt. 

* 19-30 Symmetries and the Moment Map
ping, CIRM (Marseille-Luminy), France. 
Aim: Summer school aimed at doctoral 
students and young researchers in mathe
matics or theoretical physics. 
Program: Six minicourses plus a number 
of research talks. 
Main Lecturers: M. Audin, P. Iglesias, L. Jef
frey, A. Kirillov, R. Palais, E. Prato. 
Organizers: P. Iglesias (Universite de Pro
vence, France) and E. Prato (Universite de 
Nice, France). 
Information: http: I /math. unice. fr I 
-elisa/sam/sam.html; http : //www . cmi . 
univ-mrs .fr/sam/sam.html. 

* 31-August 2 Mathfest 99, Mathematical 
Association of America, Providence, RI. 
Meeting: Join MAA for Mathfest, its annual 
summer meeting, guaranteed to reignite 
your passion for mathematics and teach
ing. Mathfest offers a variety of traditional 
lectures, as well as more interactive Spe
cial Sessions, Contributed Paper Sessions, 
Minicourses, and the Short Course. This 
year's short course delves into Recent De
velopments in the Teaching of Differential 
Equations. Mathfest also offers an exhibit 
hall, numerous student activities, and so
cial events where you can chat and compare 
meeting notes with your colleagues. 
Invited Addresses: Numbers, Numbers, 
Numbers: Prime Numbers, Carmichael Num
bers, and Smooth Numbers (C. Pomerance); 
Geometry and Visualization of Surfaces 
(C. Terng); Wide Open Spaces (M. Currie); 
A Square Pie for the Simpsons, and Other 
Mathematical Diversions (D. Kalman); The 
Creation of the Calculus: Who, What, When, 
Where, Why (V. F. Rickey); Teaching Stages 
(T. Banchoff); The Mandelbrot Set, the Farey 
Tree, and the Fibonacci Sequence (R. L. De
vaney); What to Do in K-12 (J. Roitman); 
Queues with Time Varying Rates and their 
Applications (W. A. Massey); 100 Years of 
Hilbert's Problems (J. Gray) 
Information: MAAathttp: I /www .maa . org, 
or call800-741-9415. 
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* 2-4 Workshop on the Theory and Prac
tice of Integer Programming in Honor 
of Ralph E- Gomory on the Occasion of 
His 70th Birthday, IBM Watson Research 
Center, Yorktown Heights, New York. 
Sponsors: DIMACS Center, IBM Watson Re
search Center. 
Organizers: W. Cook (Rice Univ.), W. Pul
leyblank (IBM Watson Research Center). 
Focus: The focus of the workshop will be 
on integer linear programming. Integer pro
gramming underlies much of modern OR, 
including scheduling, logistics, resource al
location, and routing problems. It is also 
the subject of much theoretical and compu
tational research, leading to software much 
more powerful than a few years ago but still 
unable to deal with real-world problems of 
the required size and complexity. 
Information: W. Cook, Rice Univ., e
mail: bico@caam. rice . edu. Local ar
rangements: P. Pravato, DIMACS Center; 
e-mail: pravato@dimacs . rutgers. edu; tel: 
732-445-5929; WWW: http: I ldimacs. 
rutgers.eduiWorkshopslindex.html. 

* 16-20 International Conference on Anal
ys is and Mathematical Physics in Honor 
of Lars Garding on His 80th Birthday, 
University of Lund, Sweden. 
Organizing Committee: C. Bennewitz, 
G. Gudmundsdottir, and A. Melin, Cen
tre for Mathematical Sciences, Lund Univ., 
Box 118, S-221 00 Lund, Sweden; e-mail: 
cbz@maths.lth.se. 
Topics: Topics in the general area of dif
ferential equations and their relation to 
mathematical physics will be emphasized. 
This includes spectral theory and scattering 
theory, both direct and inverse problems, 
stability of matter, and related subjects. 
Plenary Speakers: The conference will con
sist of 10-15 plenary lectures and special 
sessions for 30-minute invited talks and 
contributed talks. The plenary speakers 
who have accepted an invitation so far are: 
M. Atiyah, M. Birman, P. Deift, G. Grubb, 
B. Simon, ]. Sjostrand, ]. Ph. Solovej, and 
A. Wightman. 
Call for Papers: Titles and abstracts for 
contributed talks can be submitted at the 
conference Web site until June 30, 1999. 
Information: Further information and up
dates will be posted on the conference 
Web site, http: I lwww. maths .l th . sel 
garding80 . html. 

* 19-25 Topology and Dynamics: Rokhlin 
Memorial, Euler International Mathemati
cal Institute, St. Petersburg Mathematical 
Institute of Russian Academy of Science, 
St. Petersburg, Russia. 
Focus: The conference is devoted to the 
memory of prominent mathematician V. A. 
Rokhlin (1919-1984). 
Topics: The main subjects of the conference 
are: algebraic and differential topology; al
gebraic, real algebraic, and Riemannian ge
ometry; smooth and symplectic dynamics, 
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ergodic theory; applications. 
Organizers: St. Petersburg State Univ., St. 
Petersburg Mathematical Institute of Rus
sian Academy of Science, St. Petersburg 
Mathematical Society, and Euler Interna
tional Mathematical Institute. 
Program Committee: A. D. Alexandrov (St. 
Petersburg), V. Arnol' d (Moscow, Paris), 
M. Gromov (Paris), F. Hirzebruch (Bonn), 
S. Novikov (Moscow, Maryland), Ya. Sinai 
(Moscow, Princeton), S. Smale (Berkeley), 
V. Turaev (Strasburg), A. Vershik (St. Pe
tersburg, chairman), 0. Viro (St. Petersburg, 
Uppsala). 
Local Organizers: N. Netsvetaev, A. Ver
shik. 
Proceedings: One-hour talks and short 
communications (25 minutes) are planned. 
The proceedings of the conference will be 
published. Deadline for submission oftalks: 
April1, 1999. 
Support: Support from RFBR (Russia) and 
Intas (EC) is expected. 
Information: M. Zvagel'skii, 191011 Steklov 
Inst. of Math. (POMI), nab. reki Fontanka, 
27, St. Petersburg, Russia; e-mail: rokhlin@ 
euler.pdmi.ras . ru; http : llwww.pdmi . 
ras . ruiEIMII1999Irokhlinl. 

* 27-29 GAMM-Workshop on Computa
tional Plasticity, Christian-Albrechts-Uni
versity of Kiel, Germany. 
Organ izers: M. Brokate (Kiel), C. Carstensen 
(Kiel), B. D. Reddy (Cape Town). 
Aim: The aim of the workshop is to provide 
a forum to discuss and present aspects of 
the state of the art of the mathematical 
foundations of computational plasticity. 
Topics: Topics range from the mathemati
cal theory of continuum models in plasticity 
to the well-posedness of boundary and of 
initial-boundary value problems and their 
efficient discretization, including algorith
mic aspects in solution procedures. Topics 
of interest include, but are not restricted 
to, the following: Mathematical analysis 
of (visco-)plasticity, well-posedness of (per
fectly) plastic problems, numerical analysis 
of variational inequalities, computational 
(visco-)plasticity, numerical analysis of lo
calization, a priori error analysis, a pos
teriori error analysis, adaptive algorithms 
for spatial and time-step discretization, 
coarsening and special adaptive strategies. 
Participation: Everybody interested in the 
topics of the symposium is warmly invited 
to attend. Please let us know about your 
intention to participate a.s.a.p. A second 
announcement with further information, 
in particular, concerning hotel accommo
dations, will be distributed in March 1999. 
Call for Papers: Participants wanting to 
give a talk (20 min.) should submit an 
abstract before June 15, 1999. Notification 
of acceptance will be given in July 1999. 
Information: All correspondence in con
nection with the workshop, including 
registration and submission of abstracts, 
is to be made via e-mail to: jva@numerik. 
uni -kiel. de. Visit the home page at 
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http:llwww.numerik .uni-kiel.delccl 
work99. html, where more information on 
hotel reservations and a registration form 
are available. 

'' 30-September 31nternationa1Conference 
on Analysis and Geometry Devoted to the 
70th Anniversary of Yu. G. Reshetnyak, 
Novosibirsk, Russia. 
Background: The Sobolevinstitute of Math
ematics of the Siberian Division of the Rus
sian Academy of Sciences and Novosibirsk 
State University convene the International 
Conference on Analysis and Geometry de
voted to the 70th anniversary of Yu. G. 
Reshetnyak, an outstanding scholar and 
professor. 
Honorary Conference Board: A. D. Alek
sandrov, 0. A. Ladyzhenskaya, S. P. Novikov. 
Organizing Committee: N. S. Dairbekov, 
A. A. Egorov, I. G. Markina, A. D. Mednykh, 
A. S. Romanov (secretary), I. A. Taimanov, 
and S. K. Vodop'yanov (chair). 
Program Committee: M. Agranovskii,]. Ball, 
0. V. Besov, V. I. Burenkov, V. Gol'dshtein, 
L. Hedberg, S. S. Kutateladze, V.I. Kuz'minov, 
0. Martio, S. Muller, F. Murat, I. Nikolaev, 
M. Reimann, V. A. Toponogov. 
Topics: The focus of the conference will 
be on the following topics: Spaces with 
bounded curvature in the sense of Alexan
drov, Quasiconformal mappings and map
pings with bounded distortion, Nonlinear 
potential theory and Sobolev spaces, Vari
ational problems and related equations. 
Languages: Russian and English. 
Information: Communications about this 
conference should be sent either by e-mail 
to angeom@math. nsc . ru or by regular mail 
to Analysis and Geometry-99, Sobolev In
stitute of Mathematics, pr. Ak. Koptyuga, 
4, 630090, Novosibirsk, Russia. Further 
information can be found at the confer
ence Web site, http : llwww.math .nsc.rul 
conferencelangeoml. 

September 1999 

*September-May National Mathematics 
Honor Society Pi Mu Epsilon's Kansas 
Gamma Chapter, 50th Anniversary, Wi
chita State University, Wichita, Kansas. 
Information: Contact P. N. Bajaj, tel: 316-
978-3941,e-mail: bajaj@twsuvm. uc. twsu. 
edu. 

* 1-3 Symposium on Operations Research 
1999 (SOR'99), Magdeburg, Germany. 
Organizer: German Operations Research 
Society (GOR). 
Focus: All areas of operations research will 
be covered at this conference. 
Deadline: Submission of papers (by e-mail): 
March 15, 1999. 
Information: G. Schwodiauer (general 
chair), Univ. of Magdeburg, Faculty of Eco
nomics and Management, P. 0. Box4120, D-
39016 Magdeburg, Germany; tel: ++49-391-
6718739; fax: ++49-391-6711136; e-mail: 
schwoediauer@wiwi . uni-magdeburg.de; 
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~: http : //www .uni-magdeburg .de/ 
SOR99/. 

* 1-1 0 Geometry, Integrability and Quanti
zation, St. Constantine resort (near Varna), 
Bulgaria. 
Goal: The aim of this conference is to bring 
together experts in differential geometry, 
complex analysis, mathematical physics, 
and related fields to assess recent devel
opments in these areas and to stimulate 
research in related topics. 
Organizers: I. M. Mladenov (Sofia) and G. L. 
Naber (Chico). 
Information: Contact I. M. Mladenov, 
mladenov@bgeiet. aead. bg, or G. L. Naber, 
gnaber@esuehieo.edu. 

* 6-1 0 Second ' Meeting on Quaternionic 
Structures in Mathematics and Physics, 
Univ. di Roma "La Sapienza", Univ. Roma 
Tre, Rome, Italy. 
Scientific Committee: D. V. Alekseevsky 
(Moscow), K. Galicki (New Mexico), P. Gaudu
chon (Palaiseau), S. Marchiafava (Roma), 
S. Salamon (Oxford). 
Local Organizing Committee: S. Marchia
fava, P. Piccinni, M. Pontecorvo. 
Information: http : I /www . mat. uniroma3 . 
it/users/max/meeting/meeting.html. 
Proceedings of the first meeting can be 
found in the e-library of EMS: http: 
//www.emis.de/proeeedings/QSMP94/ 
index . h tml. 

* 8-1 5 European Summer Courses 1999, 
C.I.M.E.: Direct and Inverse Methods in 
Solving Nonlinear Evolution Equations, 
Cetraro (Cosenza), Italy. 
Organizer: The C.I.M.E. Foundation (Inter
national Mathematical Summer Center). 
Scientific Direction: A. M. Greco (Univ. di 
Palermo). 
Courses: Six lectures in English on: 1) Exact 
solutions of nonlinear PDEs by singular
ity analysis, R. Conte (CEA Saclay, Gif-sur
Yvette Cedex, France), 2) Integrable systems 
and hi-Hamiltonian manifolds, F. Magri 
(Univ. diMilano, Italy), 3) Hirota methods for 
nonlinear differential and difference equa
tions, J Satsuma (Univ. of Tokyo, Japan), 4) 
Lie groups and exact solutions of nonlin
ear differential and difference equations, 
P. Winternitz (Univ. de Montreal, Canada). 
Applications: Those who want to attend 
the session should send an application to 
the director of C.I.M.E at the address below, 
no later than April 30, 1999. 
Information: Contact: Fondazione C.I.M.E., 
cjo Dipartimento di Matematica "Ulisse 
Dini", Viale Morgagni, 67 I A, 50134 Firenze, 
Italy; tel.: +39-55-434975/+39-55-4237123; 
fax: +39-55-434975/+39-55-4222695; e
mail: eime@udini .math.unifi.it; At
tention C.I.M.E. director A. Cellina or 
C.I.M.E. secretary V. Vespri. Information 
can also be found on the C.I.M.E. Web 
page, http://www.math.unifi.it/eime/ 
weleome .to.eime/. 

'' 1 3- 1 8 International Conference on Arith-

MAY 1999 

metic Algebraic Geometry, Venice, Italy. 
Sponsors: The Network on Arithmetic Alge
braic Geometry of the European Project for 
Training and Mobility of Researchers, the 
Italian Ministry for University Research and 
Technology (MURST), and the Universities 
of Padova and Venezia. 
Speakers: A. A. Beilinson, P. Berthelot, 
G. Faltings, I. Fesenko, B. Gross, G. Harder, 
M. Harris, M. Kurihara, J Nekovar, B. Perrin
Riou, P. Schneider. (H. Carayol and A. Wiles 
have also been invited.) 
Information: Additional information, in
cluding registration and hotel reservation 
procedures, is available at the confer
ence Web site, http: //www.math.unipd. 
i t;-veniee99/; or via e-mail addressed 
to veniee99@math.unipd . it; or via fax 
addressed to Organizing Committee
Venice99, 39-049-875-8596. The deadline 
for applications is May 31, 1999. 

* 23- 24 IMA Tutorial: Low-Speed Combus
tion, IMA, University of Minnesota, Minne
apolis, Minnesota. 
Organizers: J D. Buckmaster (Univ. of 
Illinois, Urbana), M. Matalon (Northwestern 
Univ.). 
Focus: This tutorial will serve as an intro
duction to the topics of the "Low-Speed 
Combustion" and "Fires" workshops. 
Information: Institute for Mathematics and 
its Applications, Univ. of Minnesota, 207 
Church St. SE, 400 Lind Hall, Minneapolis, 
MN 55455; tel: 612-624-6066; e-mail: staff@ 
ima. umn. edu; Web page: http: I /www . ima . 
umn.edu/reaetive/fall/tl.html. 

* 2 7 - October 1 IMA Workshop: Low-Speed 
Combustion, IMA, University of Minnesota, 
Minneapolis, Minnesota. 
Organizers: J D. Buckmaster (Univ. of 
Illinois, Urbana), M. Matalon (Northwestern 
Univ.). 
Information: Institute for Mathematics and 
its Applications, Univ. of Minnesota, 207 
Church St. SE, 400 Lind Hall, Minneapolis, 
MN 5 5455; tel: 612-624-6066; e-mail: staff@ 
ima . umn . edu; Web page: http : I /www . ima. 
umn .edu/reaetive/fall/rf l.html. 

October 1999 

'' 4- 8 International Workshop on General 
Topological Algebras, Tartu, Estonia. 
Organizers: The Estonian Academy of Sci
ences, the Estonian Mathematical Society, 
and the University of Tartu. 
Program Committee: M. Abel (Univ. of 
Tartu, Estonia), M. Akkar (Univ. of Bordeaux 
I, France), G. Allan (Univ. of Cambridge, 
UK), M. Fragoulopoulou (Univ. of Athens, 
Greece), A. Helemskii (Moscow State Univ., 
Russia), A. Mallios (Univ. of Athens, Greece), 
and W. Zelazko (Polish Academy of Sciences, 
Poland). 
Topics: Locally convex and more general 
topological algebras, nonassociative topo
logical algebras, topologization of algebras, 
application of results of topological alge
bras. 
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Information: For more detailed information 
please contact M. Abel, 46 Vanemuise St., 
Room 232, Institute of Pure Mathematics, 
University of Tartu, 51014 Tartu, Estonia; 
e-mail: abel@math. ut. ee; fax: 372-7-375-
862. 

* 1 0-1 4 National Conference on Algebra 
VII, Beijing Normal Univ., Beijing, China. 
Organizers: J. Zhang andY. Zhang. 
Topics: All areas of algebra. 
Keynote Speakers: M. Broue, S. Ding, 
C. Dong, T. Y. Lam, G. Lehrer, J Li, C. Ringel, 
J. G. Thompson, H. Tuan, Z. Wan, C.-T. Yan, 
E. I. Zelmanov. 
Languages: Chinese and English. 
Information: Y. Zhang, Department of 
Mathematics, Beijing Normal Univ., 100875 
Beijing, China; tel: 86-010-62209178, 86-
010-62208992; fax: 86-010-62200567 to 
Department of Mathematics; e-mail: nea@ 
bnu. edu . en; Web page: http : I /www. nea. 
bnu. edu. en/. 

* 11-1 3 IMA Workshop: Fires, IMA, Univer
sity of Minnesota, Minneapolis, Minnesota. 
Organizers: H. Baum(NIST), R. Rehm (NIST). 
Information: Institute for Mathematics and 
its Applications, Univ. of Minnesota, 207 
Church St. SE, 400 Lind Hall, Minneapolis, 
MN 5 545 5; tel: 612-624-6066; e-mail: staff@ 
ima . umn. edu; Web page: http: I /www. ima. 
umn.edu/ reaetive/fall/rf2.html. 

,, 14-1 5 IMA Minisymposium: Mathemati
cal and Computational Strategies for Sim
plifying Complex Kinetics, IMA, University 
of Minnesota, Minneapolis, Minnesota. 
Organizers: J D. Buckmaster (Univ. of 
Illinois, Urbana), another organizer to be 
determined. 
Information: Institute for Mathematics and 
its Applications, Univ. of Minnesota, 207 
Church St. SE, 400 Lind Hall, Minneapolis, 
MN 5545 5; tel: 612-624-6066; e-mail: staff@ 
ima . umn . edu; Web page: http : I /www. ima. 
umn . edu/ reaetive/fall/msl .html. 

* 22- 24 IMA "Hot Topics" Workshop: Scal
ing Phenomena in Communication Net
works, IMA, University of Minnesota, Min
neapolis, Minnesota. 
Sponsors: DIMACS Center; IMA, Univ. of 
Minnesota. 
Organizers: A. Erramilli (Bellcore Research/ 
Netmetrix Inc.), V. Paxson (Lawrence Berke
ley National Laboratory), I. Saniee (Lucent 
Technologies), W. Willinger (AT&T-Labs Re
search). 
Focus: This workshop will be structured 
around three fundamental aspects of the 
study of scaling phenomena in networks: 
description, analysis, and control. Partici
pants are asked to contribute to this effort 
by giving a talk and/ or actively engaging 
in the proceedings. This area shows great 
potential to apply the theory to analyze 
and control complex, large-scale networks 
such as the Internet. It is expected this 
workshop will advance the study of scaling 
phenomena in networks from a descriptive 
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theory to a prescriptive reality. Presented 
under the auspices of the Special Year on 
Networks. 
Information: Contact I. Saniee, Lucent 
Technologies, e-mail: iis@research. 
bell-labs. com; Web page: http : I I 
dimacs . rutgers.edu/Workshops/index . 
html or http : I /www. ima. umn. edu/ 
reactive/fall/networks .html. 

* 23-24 Midwest Partial Differential Equa
tions Seminar, Fall 1999, University of 
Illinois, Urbana-Champaign, Illinois. 
Confirmed Speakers: P. Constantin (Univ. 
of Chicago), C. Doering (Univ. of Michigan, 
Ann Arbor), L. C. Evans (Univ. of California, 
Berkeley), N. Goldenfeld (Univ. of Illinois, 
Urbana), R. Jensen (Loyola Univ., Chicago), 
W. -M. Ni (Univ. of Minnesota), A. Yip (Purdue 
Univ.). 

November 1999 

* 5 IMA Tutorial: High-Speed Combustion, 
IMA, University of Minnesota, Minneapolis, 
Minnesota. 
Organizer: A. Kapila (Renssaelaer Polytech
nic Institute). 
Information: Institute for Mathematics and 
its Applications, Univ. of Minnesota, 207 
Church St. SE, 400 Lind Hall, Minneapolis, 
MN 55455; tel: 612-624-6066; e-mail: staff@ 
ima. umn. edu; Web page: http: I /www. ima. 
umn.edu/reactive/fall/t2.html. 

* 8-121MAWorkshop: High-Speed Combus
tion in Gaseous and Condensed-Phase 
Energetic Materials, IMA, University of 
Minnesota, Minneapolis, Minnesota. 
Organizers: A. Kapila (Rensselaer Polytech
nic Institute), D. S. Stewart (Univ. of Illinois, 
Urbana). 
Information: Institute for Mathematics and 
its Applications, Univ. of Minnesota, 207 
Church St. SE, 400 Lind Hall, Minneapolis, 
MN 5545 5; tel: 612-624-6066; e-mail: staff@ 
ima. umn. edu; Web page: http : I /www . ima . 
umn . edu/reactive/fall/rf4.html. 

* 29-December 3 Group Theory and Com
putation, University of Sydney, Sydney, 
Australia. 
Focus: The meeting will focus on a wide 
range of topics in group theory and compu
tation. It incorporates the fifth in the series 
of biennial meetings held under the general 
title of "Computational Algebra and Num
ber Theory". Some of the lectures will honor 
the significant contributions to group the
ory and computation made by M. F. (Mike) 
Newman of the ANU in Canberra on the 
occasion of his 65th birthday. 
Organizers: ]. Cannon and L. Kovacs. 
Speakers: G. Baumslag (CUNY), A. Caranti 
(Trento), ]. Carlson (Georgia), M. du Sautoy 
(Cambridge), K. Gupta (Manitoba), G. Havas 
(Brisbane), D. Holt (Warwick), G. Kemper 
(Heidelberg), L. Kovacs (Canberra), A. Mann 
(Jerusalem), E. O'Brien (Auckland), S. Pride 
(Glasgow), A. Shalev (Jerusalem), C. Sims 
(Rutgers), M. Vaughan-Lee (Oxford). 
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Information: The WWW page for the con
ference is http: I /math . auckland. ac. nz/ 
Conferences/Groups-11-1999/.Thispage 
contains further information on the top
ics of the conference. It will be updated 
on a regular basis to provide additional 
organizational and program details. 

December 1999 

* 20-22 Seventh IMA International Confer
ence on Cryptography and Coding, Royal 
Agricultural College, Cirencester, United 
Kingdom. 
Sponsors: Codes & Ciphers Limited, Con
cept Laboratories Limited, HW Communi
cations Limited, Racal-Airtech Limited, and 
Vodafone Limited. 
Information: ContactP. Bye, Conference Of
ficer, The Institute of Mathematics and its 
Applications, Catherine Richards House, 
16 Nelson Street, Southend-on-Sea, Es
sex SS1 1EF, UK; tel: 01702-354020; fax: 
01702-354111; e-mail: conferences@ima. 
org.uk; WWW: http://www.ima.org.uk/ 
mathematics/conferences .htm. 

January 2000 

'' 26-30 IMA Workshop: Confinement and 
Remediation of Environmental Hazards, 
IMA, University of Minnesota, Minneapolis, 
Minnesota. 
Organizers:]. Chadam (Univ. ofPittsburgh), 
A. C. Cunningham (Montana State Univ.), 
R. Ewing (Texas A&M Univ.). 
Information: Institute for Mathematics and 
its Applications, Univ. of Minnesota, 207 
Church St. SE, 400 Lind Hall, Minneapolis, 
MN 5545 5; tel: 612-624-6066; e-mail: staff@ 
ima . umn . edu; Web page: http: I /www. ima. 
umn.edu/reactive/winter/rf5 .html. 

February 2000 

* 9-1 3 IMA Workshop: Resource Recovery, 
IMA, University of Minnesota, Minneapolis, 
Minnesota. 
Organizers:]. Chadam(Univ. ofPittsburgh), 
P. Ortoleva (Indiana Univ.), M. Wheeler (Univ. 
of Texas, Austin). 
Information: Institute for Mathematics and 
its Applications, Univ. of Minnesota, 207 
Church St. SE, 400 Lind Hall, Minneapolis, 
MN 55455; tel: 612-624-6066; e-mail: staff@ 
ima. umn . edu; Web page: http : I /www. ima . 
umn .edu/reactive/winter/rf6 .html. 

March 2000 

* 1 5-1 9 IMA Workshop: Air Quality En
gineering, IMA, University of Minnesota, 
Minneapolis, Minnesota. 
Organizers: G. Carmichael (Univ. of Iowa), 
D. Chock (Ford Motor Company). 
Information: Institute for Mathematics and 
its Applications, Univ. of Minnesota, 207 
Church St. SE, 400 Lind Hall, Minneapolis, 
MN 5 5455; tel: 612-624-6066; e-mail: staff@ 
ima. umn. edu; Web page: http : I /www. ima. 
umn.edu/reactive/winter/rf7.html. 
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April2000 

* 16-1 9 FRACTAL 2000: "Complexity and 
Fractals intheSciences",6th International 
Multidisciplinary Conference, Singapore. 
Information: http : I /www. kingston. ac . 
uk/fractal/. 

The following new announcements will 
not be repeated until the criteria in the 
next to the last paragraph at the bottom 
of the first page of this section are met. 

May 2000 

* 1-5 IMA Workshop: Dispersive Correc
tions to Transport Equations, IMA, Univer
sity of Minnesota, Minneapolis, Minnesota. 
Organizers: N. B. Abdallah (Univ. of 
Toulouse), A. Arnold (Berlin Technical 
Univ.), C. D. Levermore (Univ. of Arizona), 
K. T.-R. McLaughlin (Univ. of Arizona). 
Information: Institute for Mathematics 
and its Applications, Univ. of Minnesota, 
207 Church St. SE, 400 Lind Hall, Minneap
olis, MN 55455; tel: 612-624-6066; e-mail: 
staff@ima .umn.edu; Web page: http: 
//www.ima.umn.edu/reactive/spring/ 
rf8 .html. 

* 1 7-20 Trends in Approximation Theory, 
An International Symposium Celebrating 
the 60th Birthday of larry l. Schumaker, 
held in conjunction with the 15th An
nual Shanks lecture, Vanderbilt Univer
sity, Nashville, Tennessee. 
Organizers: K. Kopotun (Vanderbilt Univ.), 
T. Lyche (Univ. of Oslo, Norway), and 
M. Neamtu (Vanderbilt Univ.). 
Scope: L. Schumaker's 60th birthday pro
vides an excellent opportunity to organize a 
meeting in approximation theory. The sym
posium will honor his many outstanding 
contributions to this field, his unselfish de
votion to the promotion of approximation 
in the mathematical community, and his 
unceasing commitment to the education of 
the younger generation of mathematicians. 
It is also an occasion to celebrate the field of 
approximation theory at large, to highlight 
and compliment its past achievements, and 
to explore its future. 
Our aim is to bring together researchers 
from diverse areas of approximation the
ory, to stimulate international collabora
tion, and to promote interaction and the 
exchange of ideas. We welcome the partic
ipation of both pure and applied mathe
maticians working in approximation theory 
from all around the world. We especially 
encourage young mathematicians and grad
uate students to attend. 
Topics: Abstract approximation, approxi
mation with constraints, classical approxi
mation, complex approximation, extremal 
problems, interpolation and smoothing, 
curves and surfaces, multiresolution anal
ysis, nonlinear approximation, orthogonal 
polynomials, radial basis functions, shift
invariant spaces, splines, subdivision and 
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refillable functions, image and signal pro
cessing, wavelets. 
Speakers: W. Cheney (Austin), C. Chui (Stan
ford), Z. Ciesielski (Sopot, Poland), R. De
Vore (Columbia), N. Dyn (Tel-Aviv, Israel), 
M. von Golitschek (Wuerzburg, Germany), 
]. Korevaar (Amsterdam, The Netherlands), 
G. G. Lorentz (Chico) (Shanks Lecturer), 
S. M. Nikol'skii (Moscow, Russia), R. Varga 
(Kent). 
Information: http: I lwww. math. 
vanderbilt . edul-atl. 

* 1 8-1 9 IMA Tutorial: Simulation of Trans
port in Transition Regimes, IMA, Univer
sity of Minnesota, Minneapolis, Minnesota. 
Organizer: I. Gamba (University of Texas, 
Austin). 
Information: Institute for Mathematics and 
its Applications, Univ. of Minnesota, 207 
Church St. SE, 400 Lind Hall, Minneapolis, 
MN 55455;tel: 612-624-6066;e-mail: staff<O 
ima . umn . edu; Web page: http: I lwww . ima . 
umn . edulreactivelspringlt3 .html. 

* 21-26 Millennia! Conference on Number 
Theory, University of Illinois, Urbana, Illi
nois. 
Focus: The Millennia! Conference on Num
ber Theory, held in conjunction with a 
Special Year in Number Theory at the Univ. 
of Illinois, is an international meeting on all 
areas of number theory. The conference will 
feature 19 one-hour plenary talks, invited 
talks of shorter length, and contributed 
talks. 
Speakers: G. Andrews, ]. Coates, H. Dar
mon, K. Ford, R. Graham, A. Granville, 
D. R. Heath-Brown, C. Hooley, W.-C. Li, 
K. Murty, M. Nathanson, K. Ono, C. Pomer
ance, W. Schmidt, C. Skinner, K. Soundarara
jan, R. Taylor, R. Tijdeman, R. C. Vaughan. 
OrganizingCommittee:B.C.Berndt,N.Bos
ton, H. G. Diamond, A. ]. Hildebrand, 
W. Philipp. 
Information: The conference Web page is 
http:llwww .math .uiuc.edulnt2000I 
millennia! . html. Additional information 
will be posted on this Web page as it be
comes available. 

* 22-261MAWorkshop:SimulationofTrans
port in Transition Regimes, IMA, Univer
sity of Minnesota, Minneapolis, Minnesota. 
Organizers: P. Degond(Toulouse), I. Gamba 
(Univ. of Texas, Austin), R. Glassey (Indiana 
Univ.), P. Roe (Univ. of Michigan). 
Information: Institute for Mathematics and 
its Applications, Univ. of Minnesota, 207 
Church St. SE, 400 Lind Hall, Minneapolis, 
MN 55455; tel: 612-624-6066; e-mail: staff<O 
ima. umn. edu; Web page: http : I lwww. ima . 
umn .edulreactivelspringlrf9 .html. 

june 2000 
*5-9 IMA Workshop: Multi scale Models for 

Surface Evolution and Reacting Flows, 
IMA, University of Minnesota, Minneapolis, 
Minnesota. 
Organizers: L. Borucki (Motorola), C. Ring
hofer (Arizona State Univ.). 

MAY 1999 

Information: Institute for Mathematics and 
its Applications, Univ. of Minnesota, 207 
Church St. SE, 400 Lind Hall, Minneapolis, 
MN 55455;tel: 612-624-6066;e-mail: staff<O 
ima . umn . edu; Web page: http: I lwww. ima. 
umn.edulreactivelspringlrf10.html. 
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New Publications 
Offered by the AMS 

Algebra and Algebraic 
Geometry 

ME¥,_9IRS 
Arn~ri<~n Motll~mntlul Society 

Treelike Structures 
Arising from Continua 

and Convergence Groups 

B. H. Bowditch 

Ame rlcon MothemoUcol Sod<ly 

Treelike Structures 
Arising from 
Continua and 
Convergence Groups 
B. H. Bowditch, University of 
Southampton, Highfield, UK 

Contents: Introduction; Trees; 
Pretrees; Flows; Quotients; Continua; 
Groups; Dendrons; References. 

Memoirs of the American Mathematical Society, Volume 139, 
Number 662 

April1999, 86 pages, Softcover, ISBN 0-8218-1003-0, LC 99-
19220, 1991 Mathematics Subject Classification: 20F32, 20F08, 
Individual member $24, List $40, Institutional member $32, 
Order code MEM0/139/662N 

Supplementary Reading 

Semisimple Groups 
and Riemannian 
Symmetric Spaces 
Armand Borel, Institute for 
Advanced Study, Princeton, N], 
Editor 

A publication of Hindustan Book 
Agency. 

This book presents the previously 
unpublished notes from a series of 

lectures given by the author at the Tata Institute of Funda
mental Research in 1961. Basic material on affine connections 
and on locally or globally Riemannian and Hermitian 
symmetric spaces is covered. The final chapter proves the 
basic theorems on maximal compact subgroups of Lie groups. 
Readers should be familiar with differential manifolds and the 
elementary theory of Lie groups and Lie algebras. 
Distributed worldwide except in India by the American Mathematical 
Society. 

Contents: Preliminaries; Orthogonal involutive Lie algebras; 
Locally symmetric spaces; Riemannian symmetric spaces; 
Compact groups. Klein forms of symmetric spaces; Hermitian 
symmetric spaces; Maximal compact subgroups of Lie groups. 

Hindustan Book Agency 

December 1998, 136 pages, Hardcover, ISBN 81-85931-18-6, 
1991 Mathematics Subject Classification: 22E40; 32M15, All 
AMS members $26, List $32, Order code HIN/3N 

Lectures on 
Quantum Groups 
Pavel Etingof, Harvard 
University, Cambridge, MA, 
and Olivier Schiffmann, Ecole 
Normale Superiore, Paris, 
France 

A publication of International Press. 

This book arose from a graduate 
course on quantum groups given by Professor Etingof at 
Harvard and expanded upon by Professor Schiffmann. It offers 
an elementary introduction to the theory of quantum groups 
from the point of view of quantization. 

The topic is presented in the style of lecture notes, rather than 
in monograph form. The result is a reader-friendly exposition 
featuring deep and interesting results. Extensive pictorial 
content aids in writing and checking algebraic relations, and 
numerous examples, problems, exercises and solutions facili
tate reader involvement. 

The first seven chapters are devoted to the theory of the quasi
classical objects that are relevant in the theory of quantum 
groups: Poisson manifolds, Poisson-Lie groups, Lie bialgebras, 
and the classical Yang-Baxter equation and its solutions. The 
material is largely standard. 

The remaining chapters in the book contain the following: bial
gebras and Hopf algebras (definitions and properties); 
monoidal categories; quasi-bialgebras and quasi-Hopf algebras; 
Lie associators and the Grothendieck-Teichmuller group; the 
Tannaka-Krein philosophy for tensor categories; the recently 
developed method of quantization of Lie bialgebras. Appen
dices include applications of the material to number theory 
and to computation of monodromy of the trigonometric 
Knizhnik-Zamolodchikov equation. 

This item will also be of interest to those working in geometry 
and topology and mathematical physics. 
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Distributed worldwide, except in Japan, by the American Mathematical 
Society. 

Contents: Poisson algebras and quantization; Poisson-Lie 
groups; Coboundary Lie bialgebras; Drinfeld's double construc
tion; Belavin-Drinfeld classification (I); Infinite dimensional Lie 
bialgebras; Belavin-Drinfeld classification (II); Hopf algebras; 
Quantized universal enveloping algebras; Formal groups and 
h-formal groups; Infinite dimensional quantum groups; The 
quantum double; Tensor categories and quasi-Hopf algebras; 
Braided tensor categories; KZ equations and the Drinfeld cate
gory; Quasi-Hopf quantized enveloping algebras; Lie 
associators; Fiber functors and Tannaka-Krein duality; Quanti
zation of finite dimensional Lie bialgebras; Universal 
constructions; Universal quantization; Dequantization and the 
equivalence theorem; KZ associator and multiple zeta func
tions; Monodromy of trigonometric KZ equations; Solutions to 
problems and exercises. 

International Press 

August 1998, 239 pages, Hardcover, ISBN 1-57146-063-2, 1991 
Mathematics Subject Classification: 17B37; 16W30, 81R50, All 
AMS members $34, List $42, Order code INPR/33N 

MATiiEMATICAL 
Surveys and Monographs 

The Classification 
of the Finite 
Simple Groups. 
Number4 
Part It, Chapters 1-4: 
Uniqueness Theorems 

Ollnlf:l Oomu1eln 

The Classification of 
the Finite Simple 
Groups, Number 4 
Part II, Chapters 1-4: 
Uniqueness Theorems 

::::~,'\:,",;;,:::, Daniel Gorenstein, t 
Richard Lyons, Rutgers 

~~ .. =·~·---· University, New Brunswick, N], 
and Ronald Solomon, Ohio 

State University, Columbus 

After three introductory volumes on the classification of the 
finite simple groups, (Mathematical Surveys and Monographs, 
Volumes 40.1, 40.2, and 40.3), the authors now start the proof 
of the classification theorem: They begin the analysis of a 
minimal counterexample G to the theorem. 

Two fundamental and powerful theorems in finite group 
theory are examined: the Bender-Suzuki theorem on strongly 
embedded subgroups (for which the non-character-theoretic 
part of the proof is provided) and Aschbacher's Component 
theorem. Included are new generalizations of Aschbacher's 
theorem which treat components of centralizers of involutions 
and p-components of centralizers of elements of order p for 
arbitrary primes p. 

This book, with background from sections of the previous 
volumes, presents in an approachable manner critical aspects 
of the classification of finite simple groups. 

Features: 
· Treatment of two fundamental and powerful theorems in 

finite group theory. 
· Proofs that are accessible and largely self-contained. 
· New results generalizing Aschbacher's Component theorem 

and related component uniqueness theorems. 

Contents: General lemmas; Strongly embedded subgroups and 
related conditions on involutions; p-component uniqueness 
theorems; Properties of K-groups; Background references; 
Expository references; Errata for number 3, Chapter IA: Almost 
simple X -groups; Glossary; Index of terminology. 

New Publications Offered by the AMS 

Mathematical Surveys and Monographs, Volume 40 

April1999, 341 pages, Hardcover, ISBN 0-8218-1379-X, LC 94-
23001, 1991 Mathematics Subject Classification: 20D05; 20B20, 
Individual member $45, List $75 , Institutional member $60, 
Order code SURV /40.4N 

MEMOIRS 
o(th.e 

ArnerlcnnMothemotlu.I Sodety 

Morava K-Theories 
and Localisation 

Mark Hovey 
Nell P. Stnckland 

Morava K-Theories 
and Localisation 
Mark Hovey, Wesleyan 
University, Middletown, CT, 
and Neil P. Strickland, 
University of Sheffield, UK 

® Contents: Introduction; Basic defini-
tions; E theory; K-injective spectra; 
Generalised Moore spectra; Bousfield 
classes; The E(n)-local category; 

General properties of the K(n)-local category; Smallness and 
duality; Homology and cohomology functors; Brown-Comenetz 
duality; The natural topology; Dualisable spectra; K-nilpotent 
spectra; Grading over the Picard group; Examples; Questions 
and conjectures; Completion; Small objects in other categories; 
References; Index. 

Memoirs of the American Mathematical Society, Volume 139, 
Number 666 

April1999, 100 pages, Softcover, ISBN 0-8218-1079-0, LC 99-
19210, 1991 Mathematics Subject Classification: 55P42, 55P60, 
55N22, 55Tl5, Individual member $24, List $40, Institutional 
member $32, Order code MEM0/139/666N 

cCRM 
R MONOGRAPH 
M SERIES 

A Survey of the 
Hodge Conjecture 
Second Edition 

Independent Study 

A Survey of the 
Hodge Conjecture 
Second Edition 
James D. Lewis, University of 
Alberta, Edmonton, Canada 

This book provides an introduction to 
a topic of central interest in transcen
dental algebraic geometry: the Hodge 
conjecture. Consisting of 15 lectures 
plus addenda and appendices, the 

volume is based on a series of lectures delivered by Professor 
Lewis at the Centre de Recherches Mathematiques (CRM). 

The book is a self-contained presentation, completely devoted 
to the Hodge conjecture and related topics. It includes many 
examples, and most results are completely proven or sketched. 
The motivation behind many of the results and background 
material is provided. This comprehensive approach to the book 
gives it a "user-friendly" style. Readers need not search else
where for various results. The book is suitable for use as a text 
for a topics course in algebraic geometry; includes an appendix 
by B. Brent Gordon. 

Contents: Complex manifolds; Vector bundles; Kahler mani
folds; Line bundles; The Lefschetz (1,1) theorem; The Lefschetz 
(1,1) theorem revisited; Formulation of the general Hodge 
conjecture; Chern class theory; Cohomology of complete inter
sections; The Hodge theorem; Analytic and topological 
necessities of the Kahler condition; Intermediate Jacobians; 
Various approaches to the Hodge conjecture for varieties with 
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well understood geometric structure; The approach to the 
Hodge conjecture via normal functions; Hodge theory and 
Chow groups; Results and formulations in the singular case; A 
survey of the Hodge conjecture for abelian varieties; Index; 
Index of notation. 

CRM Monograph Series, Volume 10 

May 1999, 368 pages, Hardcover, ISBN 0-8218-0568-1, LC 99-
13391, 1991 Mathematics Subject Classification: 14C30, 
Individual member $47, List $79, Institutional member $63, 
Order code CRMM/lON 

Characters of 
Connected Lie 
Groups 
Lajos Pukanszkyt 

This book adds to the great body of 
research that extends back to A. Weil 
and E. P. Wigner on the unitary repre
sentations of locally compact groups 
and their characters, i.e. the interplay 
between classical group theory and 
modern analysis. The groups studied 

here are the connected Lie groups of general type (not neces
sarily nilpotent or semisimple). 

Final results reflect Kirillov's orbit method; in the case of 
groups that may be non-algebraic or non-type I, the method 
requires considerable sophistication. Methods used range from 
deep functional analysis (the theory of C*-algebras, factors 
from F. J. Murray and J. von Neumann, and measure theory) to 
differential geometry (Lie groups and Hamiltonian actions). 

This book presents for the first time a systematic and concise 
compilation of proofs previously dispersed throughout the 
literature. The result is an impressive example of the deepness 
of Pukanszky's work. 

Contents: Unitary representations of locally algebraic groups; 
Unitary representations of elementary groups; Existence of 
characters; Generalized Kirillov theory; Bibliography. 

Mathematical Surveys and Monographs 

July 1999, approximately 152 pages, Hardcover, ISBN 0-8218-
1088-X, 1991 Mathematics Subject Classification: 22E45, 
Individual member $35, List $59, Institutional member $47, 
Order code SURV-PUKANSZKYN 

Translations or 

MATHEMATICAL 
MONOGRAPHS 

Algebraic Geometry 1 
From Algebraic Varieties 

> to Schell!es 

Recommended Text 

Algebraic Geometry 1 
From Algebraic Varieties 
to Schemes 
Kenji Ueno, Kyoto University, 
japan 

KenJIUeoo , This is the first of three volumes on 
algebraic geometry. 

$ --- Early in the 20th century, algebraic 
geometry underwent a significant 
overhaul, as mathematicians, notably 

Zariski, introduced a much stronger emphasis on algebra and 
rigor into the subject. This was followed by another funda
mental change in the 1960s with Grothendieck's introduction 
of schemes. Today, most algebraic geometers are well-versed 
in the language of schemes, but many newcomers are still 
initially hesitant about them. Ueno's book provides an inviting 
introduction to the theory, which should overcome any such 
impediment to learning this rich subject. 

The book begins with a description of the standard theory of 
algebraic varieties. Then, sheaves are introduced and studied, 
using as few prerequisites as possible. Once sheaf theory has 
been well understood, the next step is to see that an affine 
scheme can be defined in terms of a sheaf over the prime spec
trum of a ring. By studying algebraic varieties over a field, 
Ueno demonstrates how the notion of schemes is necessary in 
algebraic geometry. 

This first volume gives a definition of schemes and describes 
some of their elementary properties. It is then possible, with 
only a little additional work, to discover their usefulness. 
Further properties of schemes will be discussed in the second 
volume. 

Ueno's book is a self-contained introduction to this important 
circle of ideas, assuming only a knowledge of basic notions 
from abstract algebra (such as prime ideals). It is suitable as a 
text for an introductory course on algebraic geometry. 

Contents: Algebraic varieties; Schemes; Category and scheme; 
Solutions to problems; Solutions to exercises; Index. 

Translations of Mathematical Monographs (Iwanami Series in 
Modern Mathematics) 

July 1999, approximately 168 pages, Softcover, ISBN 0-8218-
0862-1, LC 99-22304, 1991 Mathematics Subject Classification: 
14-01, All AMS members $20, List $25, Order code 
MMONO-UENOZN 
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Analysis 

ME¥,91RS 
Amu!canMathemntlcniSocloty 

The Defect Relation of 
Meromorphic Maps on 

Parabolic Manifolds 

George l.awrence Alsllne 

The Defect Relation 
of Meromorphic 
Maps on Parabolic 
Manifolds 
George Lawrence Ashline, 
Saint Michael's College, 
Colchester, VT 

Contents: Introduction; Parabolic 
manifolds and the Ricci functions; 

Jacobian sections for complex manifolds; Preparations; Lemma 
of the logarithmic derivative on parabolic manifolds; Fields 
and vector spaces of meromorphic maps; Steinmetz map and 
automorphisms of Z(p); Important lemmata; Main identity; 
Functions Ba and A; Product to sum estimates; Moving targets 
and the defect relation; Bibliography. 

Memoirs of the American Mathematical Society, Volume 139, 
Number 665 

April1999, 78 pages, Softcover, ISBN 0-8218-1069-3, LC 99-
19211, 1991 Mathematics Subject Classification: 32-XX, 
Individual member $23, List $39, Institutional member $31, 
Order code MEM0/139/665N 

ME¥,91RS 
Amerlc • n ~lathema<lcol Sodoty 

Iterated Function 
Systems and Permutation 

Representations of 
the Cuntz Algebra 

Ola Brattelt 
Palle E. T. Jorgensen 

Amotlcan MothomoUto l ~ocloty 

Iterated Function 
Systems and 
Permutation 
Representations of 
the Cuntz Algebra 
Ola Bratteli, University of 
Oslo, Norway, and Palle E. T. 
jorgensen, University of Iowa, 
Iowa Oty 

Contents: Introduction; Permutative representations of VN; 
Monomial representations and integers modulo N; Cycles of 
irreducible VN representations and their atoms of UHF N repre
sentations; Relations of finite type and sub-Cuntz states; The 
shift representation; The universal permutative multiplicity
free representation; Some specific examples of the cycle and 
atom structure: The mod N case; Some specific examples of 
the cycle and atom structure: The mod N case; The general 
mod N situation; Concluding remarks; Bibliography; List of 
symbols. 

Memoirs of the American Mathematical Society, Volume 139, 
Number 663 

April1999, 89 pages, Softcover, ISBN 0-8218-0962-8, LC 99-
19208, 1991 Mathematics Subject Classification: 46L55, 47C15 ; 
42C05, 22E25, 11B85, Individual member $24, List $40, 
Institutional member $32, Order code MEM0/139/663N 

New Publications Offered by the AMS 

IS~U •fJ!!J'Jf£;M}I'I7CJ<£ 
CO'J{%WPJ(P£ 'P'J(f)C"Fi£'1ll<}{fjS 

:Fu-nction Spaa.s, 
Interpolation Spacu, 
anJ fl{efatei 'Topics 

Yud Btudnyi 
MiehaclCwikcl 
YoramSa8h<:f , 

Edi1ors 

~'ll olkl<fl)<....,.,..,.,.r, 

'!k'(k ..... ~ ... hlll'l~ft..- ll»>M'""""'"'~· 

"TII<f~No><ll>. ... --.... ........ _k> 

~~~>r-n •• ,r....,....,. 

Function Spaces, 
Interpolation Spaces, 
and Related Topics 
Yuri Brudnyi and 
Michael Cwikel, Technion
Israel Institute of Technology, 
Haifa, and Yoram Sagher, 
University of Illinois at 
Chicago, Editors 

A publication of Bar-llan University. 

This volume presents the proceedings of the international 
workshop held at the Technion-Israel Institute of Technology. 
Included are research and survey articles on interpolation 
theory and function spaces. Readers will find in this book both 
current research and a broad overview of the topic. 
Distributed worldwide by the AMS. 

Contents: S. Krein, P. Kuchment, V. Ovchinnikov, and 
E. Semenov, Iosif Shneiberg July 26, 1950-July 21, 1992; 
J. Bastero, M. Milman, and F.]. Ruiz, Reverse Holder inequali
ties and interpolation; M. J. Carro, J. Cerda, and]. Soria, 
Commutators, interpolation and vector function spaces; 
C. Fefferman and R. Narasimhan, Bernstein inequalities for 
analytic and algebraic functions; E. Hernandez, X. Wang, and 
G. Weiss, Characterization of wavelets, scaling functions and 
wavelets associated with multiresolution analyses; S. Janson, 
Complex method interpolation defined using a half-plane or 
full disc; S. V. Kisliakov, Interpolation of HP-spaces: Some 
recent developments; E. Liflyand, A family of function spaces 
and multipliers; R. Nillsen, Function spaces and n-dimensional 
wavelet transforms; E. Pustylnik, Generalized potential type 
operators on rearrangement invariant spaces; E. M. Semenov, 
On the stability of the real interpolation method in the class of 
rearrangement invariant spaces; P. Shvartsman, The K-func
tional of the pair (/oo(w),BMO); 0. E. Tikhonov, On the 
Lozanovskif class of condensing operators and its applications 
to non-commutative integration; 0. E. Tikhonov and 
L. V. Veselova, The uniqueness of the solution to the inverse 
problem of exact interpolation; P. Wingren, Lipschitz and 
Zygmund spaces on subsets, a comparison with respect to the 
Baire category. 

Israel Mathematical Conference Proceedings, Volume 13 

May 1999, approximately 240 pages, Softcover, 
1991 Mathematics Subject Classification: 46B70, 46E15, 46E30, 
Individual member $47, List $79, Institutional member $63, 
Order code IMCP/13N 
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INVARIANT 
MEA,S_URES 
JOHN VON NEUMANN 

. Invariant Measures 
John von Neumann 

In 1940-1941 von Neumann lectured 
on invariant measures at the Institute 
for Advanced Study at Princeton. This 
book is essentially a written version of 
those lectures. 

The lectures began with general 
measure theory and went on to Haar 

fi; "'""' "'"'""w"om measure and some of its generaliza-
tions. Shizuo Kakutani was at the 

Institute that year, and he and von Neumann had many conver, 
sations on the subject. The conversations revealed facts and 
produced proofs. Quite a bit of the content of the course, espe
cially toward the end, was discovered a few weeks before it 
appeared on the blackboard. The original version of these 
notes was prepared by Paul Halmos, von Neumann's assistant 
that year. Von Neumann read the handwritten version before it 
went to the typist and sometimes scribbled comments on the 
margins; he rewrote most of Chapter 6. This book is the first 
published version of the original notes. 

Contents: Measure theory; Generalized limits; Haar measure; 
Uniqueness; Measure and topology; Construction of Haar's 
invariant measure in groups by approximately equidistributed 
finite point sets and explicit evaluations of approximations; 
Index. 

September 1999, approximately 144 pages, Softcover, ISBN 0-
8218-0912-1, LC 98-15971, 1991 Mathematics Subject 
Classification: 28Axx, 22A10, All AMS members $31, List $39, 
Order code INMEASN 

Applications 

iWWJlt~Jl~rlH.\-~ ...... 
............. 

CU&Ilao...-t~UW&CIW.O!NIIa' 
l!l11B~OI'~ 

, .._L\'1 -...,..""* ~· 

Current and Future 
Challenges in the 
Applications of 
Mathematics 
Walter Freiberger, Brown 
University, Providence, RI, 
Editor 

A publication of Brown University. 

This volume is a Special Issue of the 
journal, Quarterly of Applied Mathematics. It features the text 
of invited talks given at the Division of Applied Mathematics at 
Brown University during the 50th anniversary celebration. In 
the spirit of reflection, assessment and planning for the future, 
the symposium was an opportunity for distinguished scientists 
to communicate their work and their views on applied mathe
matics. The book not only presents the authors' scientific 
contributions, it also gives evidence to the future direction of 
applied mathematics. 

Published by Brown University and distributed worldwide by the Amer
ican Mathematical Society. 

Contents: H. Cohen, Opening remarks; P. 1- Davis, Introduc
tion; P. D. Lax, The beginnings of Applied Mathematics after 

the Second World War; U. Grenander and M. I. Miller, Compu
tational anatomy: An emerging discipline; S. A. Ross, The 
mathematics of finance: Pricing derivatives; N. Kopell, 
Networks of neurons as dynamical systems: From geometry to 
biophysics; j. M. Ball, The calculus of variations and materials 
science; j. Glimm and D. Sharp, Stochastic methods for the 
prediction of complex multiscale phenomena; A. J. Chorin, 
New perspectives in turbulence; j. T. Stuart, Mathematics 
applied in fluid motion; P. Diaconis, A place for philosophy? 
The rise of modeling in statistical science; M. Atiyah, Mathe
matics and the real world; H. j. Greenberg, Ater-dinner speech. 

December 1998, 229 pages, Softcover, 1991 Mathematics 
Subject Classification: 01, 34, 35, 39, 49, 62, 73, 76, 82, 90, 92, 
List $50, Order code QAMSPN 

Discrete Mathematics and 
Combinatorics 

Graph Theory and Combinatorial 
Biology 
Laszlo Lovasz, Yale University, New Haven, CT, 
Andras Gyarf, Computer and Automation Institute 
of the Hungarian Academy of Sciences, Budapest, 
Byula 0. H. Katona, Mathematical Institute of the 
Hungarian Academy of Sciences, Budapest, 
Andras Recski, Technical University, Budapest, 
Hungary, and Laszlo Szekely, University of South 
Carolina, Columbia, Editors 

A publication of janos Bolyai Mathematical Society. 

This volume is based on the discussions from the conference 
held in Hungary, entitled "International Colloquium on Combi
natorics and Graph Theory". Surveys were provided by the 
participants and are included in this book. The following 
topics are covered: 
· Graph theory-A classical area of discrete mathematics, its 

continuing development depends in part upon its applica
tions and interactions with other areas. Important links are 
discussed between graph theory and linear algebra and 
geometric configurations. Discussions include a new para
meter relating spectral properties of graphs to topological 
properties (touching upon circle representations and special 
vector labellings); a probabilistic approach to graph coloring 
problems; results on harniltonicity in claw-free graphs; open 
problems and contributions. 

· Extremal sets-A novel approach is represented by three 
papers. Included are new results and interesting applications 
on the "edge isoperimetric problem"; a theory generalizing 
the Kruskal-Katona theorem and closely related problems for 
a class of posets; theorems and methods applied to a typical 
problem in database security. 

· Matroid theory-Considered "old" by the standards of the 
field, this theory provides extremely important links between 
graph theory, linear algebra, projective geometry, and other 
fields. The chapter on combinatorial optimization empha
sizes these connections and illustrates important recent 
developments. 

· Mathematical biology-Since Darwin, the biologist's dream 
has been to reconstruct the phylogenetic tree of living things. 
To date, no known method satisfies the necessary criteria to 
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do so. Yet, there is general agreement that biomolecular 
sequences carry the objective information that is the basis 
for phylogeny reconstruction. Included are discussions on 
the accepted models of nucleotide substitution and the 
criteria for appropriate evaluation; phylogeny reconstruction 
criteria from the point of view of algorithmic complexity; 
competition and phylogeny graphs; a combinatorial shape 
concept: The pharmacophoric polyhedra of biomolecules. 

Distributed worldwide, except in Eastern and Western Europe, by the 
AMS. 

Contents: Graph Theory: R. Faudree, Forbidden subgraphs, 
closure and Hamiltonian properties-recent results; H. van der 
Holst, L. Lovasz, and A. Schrijver, The Colin de Verdiere 
graph parameter; A. V. Kostochka and M. Stiebitz, Excess in 
colour-critical graphs; J. Kratochvil, j. Nesetfil, and M. Rosen
feld, Graph designs, Hadamard matrices and geometric 
configurations; M. Molloy and B. Reed, Graph colouring via the 
probabilistic method; Extremal Sets: S. L. Bezrukov, Edge 
isoperimetric problems on graphs; K. Engel and U. Leek, 
Optimal antichains and ideals in Macaulay posets; J. R. Griggs, 
Database security and the distribution of subset sums in Rm; 
Combinatorial Optimization: K. Murota, Discrete convex 
analysis- exposition on congugacy and duality; J, Oxley, 
Unavoidable minors in graphs and matroids; Combinatorics, 
Molecules, and Biology: A. von Haeseler, Model based phyloge
netic inference; P. G. Mezey, Combinatorial aspects of 
biomolecular shape analysis; F. S. Roberts, Competition graphs 
and phylogeny graphs; T. Warnow, Some combinatorial opti
mization problems in phylogenetics. 

Bolyai Society Mathematical Studies, Volume 7 

February 1999, 443 pages, Hardcover, ISBN 963-8022-90-6, 
1991 Mathematics Subject Classification: 05-06, Individual 
member $44, List $74, Institutional member $59, Order code 
BSMS/ 7N 

Geometry and Topology 

BERKELEY MATHEMATICS 

lECTURE NOTES 

Geometric Models 
for Noncommutative 

Algebras 

AnaCannasdaSilva 
A lan Weinstein 

& - --·-a ~ ._,__ ... W' 

Supplementary Reading 

Geometric Models 
for Noncommutative 
Algebras 
Ana Cannas da Silva and 
Alan Weinstein, University of 
California, Berkeley 

The volume is based on a course, 
"Geometric Models for Noncommuta
tive Algebras" taught by Professor 
Weinstein at Berkeley. Noncommuta

tive geometry is the study of noncommutative algebras as if 
they were algebras of functions on spaces, for example, the 
commutative algebras associated to affine algebraic varieties, 
differentiable manifolds, topological spaces, and measure 
spaces. In this work, the authors discuss several types of 
geometric objects (in the usual sense of sets with structure) 
that are closely related to noncommutative algebras. 

Central to the discussion are symplectic and Poisson mani
folds , which arise when noncommutative algebras are obtained 
by deforming commutative algebras. The authors also give a 
detailed study of groupoids (whose role in noncommutative 
geometry has been stressed by Connes) as well as of Lie alge-

New Publications Offered by the AMS 

broids, the infinitesimal approximations to differentiable 
groupoids. 

Featured are many interesting examples, applications, and 
exercises. The book starts with basic definitions and builds to 
(still) open questions. It is suitable for use as a graduate text. 
An extensive bibliography and index are included. 

Contents: Universal enveloping algebras: Algebraic construc
tions; The Poincare-Birkhoff-Witt theorem; Poisson Geometry: 
Poisson structures; Normal forms; Local Poisson geometry; 
Poisson Category: Poisson maps; Hamiltonian actions; Dual 
Pairs: Operator algebras; Dual pairs in Poisson geometry; 
Examples of symplectic realizations; Generalized Functions: 
Group algebras; Densities; Groupoids: Groupoids; Groupoid 
algebras; Extended groupoid algebras; Algebroids: Lie alge
broids; Examples of Lie algebroids; Differential geometry for 
Lie algebroids; Deformations of Algebras of Functions: Alge
braic deformation theory; Weyl algebras; Deformation 
quantization; References; Index. 

Berkeley Mathematical Lecture Notes, Volume 10 

April1999, 184 pages, Softcover, ISBN 0-8218-0952-0, 1991 
Mathematics Subject Classification: 53F05, 58H05; 16S80, 
17B35, 46L89, All AMS members $16, List $20, Order code 
BMLN/ lON 

Mathematical Physics 

Am~r1Ca.nMal.h"""'-Ueal$oc!My 

TRANSLATIONS 
Som:s2 • Volu....,l9l 

Moscow Seminar 
in Mathematical 
Physics 

A Yu. Morozov 
M. A. Olshanet sky 
Editors 

Moscow Seminar in 
Mathematical Physics 
A. Yu. Morozov and 
M. A. Olshanetsky, Institute of 
Theoretical and Experimental 
Physics, Moscow, Russia, 
Editors 

~ -~~-- The Theory Department of the Insti-
"'i!i' tute of Theoretical and Experimental 

Physics (ITEP) is internationally recog
nized for achievements in various branches of theoretical 
physics. The seminars at ITEP for many years have been among 
the main centers of scientific life in Moscow. 

This volume presents results from the seminar on mathemat
ical physics that has been held at ITEP since 1983. It reflects the 
style and direction of some of the work done at the Institute. 

The majority of the papers in the volume describe the 
Knizhnik-Zamolodchikov-Bernard connection and its far
reaching generalizations. The remaining papers are related to 
other aspects of the theory and integrable models. Included 
are discussions on quantum Lax operators analyzed by 
methods of algebraic geometry, current algebras associated 
with complex curves, and the relationship between matrix 
models and integrable systems. 

Contents: G. E. Arutyunov, L. 0. Chekhov, and S. A. Frolov, 
Quantum dynamical R-matrices; B. Enriquez and V. Rubtsov, 
Some examples of quantum groups in higher genus; V. V. Fock 
and A. A. Rosly, Poisson structure on moduli of flat connec
tions on Riemann surfaces and the r-matrix; D. A. Ivanov and 
A. S. Losev, KZB equations as a flat connection with spectral 
parameter; S. Kharchev, Kadomtsev-Petviashvili hierarchy and 
generalized Kontsevich model; S. Khoroshkin, D. Lebedev, and 
S. Pakuliak, Yangian algebras and classical Riemann problems; 
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I. Krichever and A. Zabrodin, Vacuum curves of elliptic L-oper
ators and representations of the Sklyanin algebra; A. M. Levin 
and M. A. Olshanetsky,. Hierarchies of isomonodromic defor
mations and Hitchin systems; N. Nekrasov, Infinite-dimensional 
algebras, many-body systems and gauge theories. 

American Mathematical Society Translations-Series 2 
(Advances in the Mathematical Sciences), Volume 191 

May 1999, 299 pages, Hardcover, ISBN 0-8218-1388-9, LC 91-
640741, 1991 Mathematics Subject Classification: 58Fxx; 81Txx, 
Individual member $66, Ust $110, Institutional member $88, 
Order code TRANS2/ 191N 

Probability 

MEMOIRS 
of the 

Am<rl<!T\ Moth<<T\A\It•IS<>d<IY 

Limit Theorems for 
Functionals of Ergodic 
Markov Chains with 
General State Space 

Xla Chen 

~ 
~ 

Limit Theorems for 
Functionals of 
Ergodic Markov 
Chains with General 
State Space 
Xia Chen, Northwestern 
University, Evanston, IL 

Contents: Split chain and regenera
tion; The central limit theorem; The 

law of the iterated logarithm; The moderate deviation prin
ciple; Appendix; References. 

Memoirs of the American Mathematical Society, Volume 139, 
Number 664 

April1999, 203 pages, Softcover, ISBN 0-8218-1060-X, LC 99-
19209, 1991 Mathematics Subject Classification: 60B12, 60FOS, 
60Fl0, 60Fl5, 60]10, Individual member $30, Ust $50, 
Institutional member $40, Order code MEM0/ 139/ 664N 

Translations of 

MATIIEMATI~AL 
. M.ONOGRAP~S ' 

Volu.ne UW 

Fin>:mcial Mk kets 
StochastiC Aruilysls 
~theP!'Iclng 
of Derivative Securities 

A.V.Mcl'nlkov 

' 1' ·-..... ~ ..... 

Recommended Text 

Financial Markets 
Stochastic Analysis and 
the Pricing of Derivative 
Securities 
A. V. Mel' nikov, Steklov 
Institute of Mathematics, 
Moscow, Russia 

Financial mathematics is going 
through a period of intensive develop-
ment, particularly in the area of 

stochastic analysis. This timely work presents a comprehen
sive, self-contained introduction to stochastic financial 
mathematics. It is based on lectures given at Moscow State 
University, "Stochastic Analysis in Finance", and comprises the 
basic methods and key results of the theory of derivative secu
rities pricing in discrete financial markets. 

The following elements: martingales, semimartingales, 
stochastic exponents, Ito's formula, Girsanov's theorem, and 
more, are used to characterize notions such as arbitrage and 
completeness of financial markets, fair price and hedging 
strategies for options, forward and futures pricing, and utility 
maximization. Limiting transition from a discrete to contin-

uous model with derivation of the famous Black-Scholes 
formula is shown. 

The book contains a wide spectrum of material and can serve 
as a bridge to continuous models. It is suitable as a text for 
graduate and advanced graduate students studying economics 
and/ or financial mathematics. 

Contents: Basic concepts and objects of a financial market; The 
elements of discrete stochastic analysis; A stochastic model for 
a financial market. Arbitrage and completeness; Pricing Euro
pean options in complete markets. The binomial model and the 
Cox-Ross-Rubinstein formula; Pricing and hedging American 
options in complete markets; Financial computations on a 
complete market with the use of nonself-financing strategies; 
Incomplete markets. Pricing of options and problems of mini
mizing risk; The structure of prices of other instruments of a 
financial market. Forwards, futures, bonds; The problem of 
optimal investment; The concept of continuous models. Limiting 
transitions from a discrete market to a continuous one. The 
Black-Scholes formula; Appendix 1; Appendix 2; Appendix 3; 
Hints for solving the problems; Bibliography; Subject index. 

Translations of Mathematical Monographs, Volume 184 

May 1999, 133 pages, Hardcover, ISBN 0-8218-1082-0, LC 99-
17735, 1991 Mathematics Subject Classification: 90-02, 90A12, 
90A09; 90A60, 60H30, 60G42, 60G40, Individual member $29, 
List $49, Institutional member $39, Order code MMON0/ 184 

Previously Announced 
Publications 

Continuous Cohomology, Discrete 
Subgroups, and Representations of 
Reductive Groups 
Second Edition 
A. Borel, Institute for Advanced Study, Princeton, N], 
and N. Wallach, University of California, San Diego, La 
Jolla 
It has been nearly twenty years since the first edition of this 
work. In the intervening years, there has been immense 
progress in the use of homological algebra to construct admis
sible representations and in the study of arithmetic groups. 
This second edition is a corrected and expanded version of the 
original, which was an important catalyst in the expansion of 
the field. Besides the fundamental material on cohomology and 
discrete subgroups present in the first edition, this edition also 
contains expositions of some of the most important develop
ments of the last two decades. 

Contents: Notation and preliminaries; Relative Lie algebra 
cohomology; Scalar product, Laplacian and Casimir element; 
Cohomology with respect to an induced representation; The 
Langlands classification and uniformly bounded representa
tions; Cohomology with coefficients in Ilc, (G); The 
computation of certain cohomology groups; Cohomology of 
discrete subgroups and Lie algebra cohomology; The construc
tion of certain unitary representations and the computation of 
the corresponding cohomology groups; Continuous coho
mology and differentiable cohomology; Continuous and 
differentiable cohomology for locally compact totally discon
nected groups; Cohomology with coefficients in Tioo (G): The 
p -adic case; Differentiable cohomology for products of real Lie 
groups and t.d. groups; Cohomology of discrete cocompact 
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subgroups; Noncompact S-arithmetic subgroups; References; 
Index; Leitfaden to some results. 

Mathematical Surveys and Monographs 

June 1999, approximately 265 pages, Hardcover, ISBN 0-8218-
0851-6, LC 98-44527, 1991 Mathematics Subject Classification: 
22E41; 22E40, 22E45, 57Tl5, All AMS members $47, List $59, 
Order code SURV-BORELRT95 

Spline Functions and the Theory of 
Wavelets 
Serge Dubuc, Universite de Montreal, PQ Canada, and 
Gilles Deslauriers, Ecole Polytechnic de Montreal, PQ 
Canada, Editors 

This work is based on a series of thematic workshops on the 
theory of wavelets and the theory of splines. Important appli
cations are included. The volume is divided into four parts: 
Spline Functions, Theory of Wavelets, Wavelets in Physics, and 
Splines and Wavelets in Statistics. 

Part one presents the broad spectrum of current research in 
the theory and applications of spline functions. Theory •ranges 
from classical univariate spline approximation to an abstract 
framework for multivariate spline interpolation. Applications 
include scattered-data interpolation, differential equations and 
various techniques in CAGD. 

Part two considers two developments in subdivision schemes; 
one for uniform regularity and the other for irregular situa
tions. The latter includes construction of multidimensional 
wavelet bases and determination of bases with a given time 
frequency localization. 

Part three extends the multifractal formalism to fractal func
tions involving oscillating singularites. There is a review of a 
method of quantization of classical systems based on the 
theory of coherent states. Wavelets are applied in the domains 
of atomic, molecular and condensed-matter physics. 

Part four shows ways in which wavelets can be used to solve 
important function estimation problems in statistics. Different 
wavelet estimators are proposed in the following distinct 
cases: functions with discontinuities, errors that are no longer 
Gaussian, wavelet estimation with robustness, and error distri
bution that is no longer stationary. 

Some of the contributions in this volume are current research 
results not previously available in monograph form. The 
volume features many applications and interesting new theo
retical developments. Readers will find powerful methods for 
studying irregularities in mathematics, physics, and statistics. 

This item will also be of interest to those working in applica
tions. 

Contributors include: L. P. Bos, D. Holland H. Brunner, 
F. Dubeau, J. Savoie, J.-P. Dussault, N. Pfister,]. C. Fiorot, 
P. ]eannin, A. Le Mehaute, A. Bouhamidi, P. Sablonniere, 
N. Dyn, D. Levin, M. Holschneider, A. Karoui, R. Vaillancourt, 
]. Kovacevic, R. Bernardini, K.-S. Lau, M.-F. Ma, S. Maes, 
E. Schulz, K. F. Taylor, S. Twareque Ali, J.-P. Antoine, 
Ph. Antoine, B. Piraux, J. Elezgaray, G. Berkooz, P. Holmes, 
C. R. Handy, R. Murenzi, A. Arneodo, E. Bacry, S. Jaffard, 
]. F. Muzy, A. Antoniadis, R. Averkamp, C. Houdre, 
D. L. Donoho, T. P. Y. Yu, J. 0. Ramsay, N. Heckman, R. von 
Sachs, G. P. Nason, G. Kroisandt. 

CRM Proceedings & Lecture Notes, Volume 18 

New Publications Offered by the AMS 

February 1999, 397 pages, Softcover, ISBN 0-8218-0875-3, 
LC 98-54441, 1991 Mathematics Subject Classification: 65D07, 
41A30; 41A15, 42C15, 94Al2, 65Dl5, 81V45, 62G07, 
Individual member $66, List $ll0, Institutional member $88, 
Order code CRMP/18RT95 

Number Theory 
Fifth Conference of the Canadian Number 
Theory Association 
Rajiv Gupta, University of British Columbia, Vancouver, 
BC, Canada, and Kenneth S. Williams, Carleton 
University, Ottawa, ON, Canada, Editors 

This book contains papers presented at the fifth Canadian 
Number Theory Association (CNTA) conference held at 
Carleton University (Ottawa, ON). The invited speakers focused 
on arithmetic algebraic geometry and elliptic curves, diophan
tine problems, analytic number theory, and algebraic and 
computational number theory. The contributed talks repre
sented a wide variety of areas in number theory. David Boyd 
gave an hour-long talk on "Mahler's Measure and Elliptic 
Curves". This lecture was open to the public and attracted a 
large audience from outside the conference. 

Contents: A. Baragar, B. C. Berndt, H. H. Chan, M.-J. Bertin, 
F. Beukers, D. A. Buell, K.-K. Choi, ]. D. Vaaler, R. ]. Cook, 
W. Duke, R.-M. Elkenbracht-Huizing, P. L. Montgomery, 
R. D. Silverman, R. K. Wackerbarth, S. S. Wagstaff, Jr., 
P. Erdos, M. R. Murty, C. Friesen, W. F. Galway,C. Greither, 
S. Gurak, A. Ivic, C. Pomerance, ]. W. jones, D. P. Roberts, 
M. Kaneko, P. Kaplan, M. Langevin, X.-]. Li, S. Lindhurst, 
M.-C. Liu, T. Wang, S. Louboutin, R. A. Mollin, K. Ono, 
K. Soundararajan, P. L. Pacelli, Y. N. Petridis, A. J. van der 
Poorten, C.]. Smyth, S. H. Son, H. A. Verrill, L. Ya. Vulakh, 
M. Waldschmidt, S. Wong, R. K. Guy, P. Ribenboim. 

CRM Proceedings & Lecture Notes, Volume 19 

February 1999, 392 pages, Softcover, ISBN 0-8218-0964-4, 
LC 98-49282, 1991 Mathematics Subject Classification: ll-06, 
Individual member $66, List $ll0, Institutional member $88, 
Order code CRMP/19RT95 

Probability Theory and Applications 
Elton P. Hsu, Northwestern University, Evanston, IL, and 
S. R. S. Varadhan, Courant Institute, New York 
University, NY, Editors 

This volume, with contributions by leading experts in the field, 
is a collection of lecture notes of the six minicourses given at 
the lAS/Park City Summer Mathematics Institute. It introduces 
advanced graduates and researchers in probability theory to 
several of the currently active research areas in the field. Each 
course is self-contained with references and contains basic 
materials and recent results. Topics include interacting particle 
systems, percolation theory, analysis on path and loop spaces, 
and mathematical finance. 

The volume gives a balanced overview of the current status of 
probability theory. An extensive bibliography for further study 
and research is included. This unique collection presents 
several important areas of current research and a valuable 
survey reflecting the diversity of the field. 
Members of the Mathematical Association of America (MAA) and the 
National Council of Teachers of Mathematics (NCTM) receive a 20% 
discount from list price. 

Contents: R. Durrett, Stochastic Spatial Models: Introduction; 
The voter model; Coalescing random walks; Voter model with 
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New Publications Offered by the AMS 

mutation; The block construction; Long range limits; Rapid 
stirring limits; Bibliography; ]. T. Chayes, A. L. Puha, and T. 
Sweet, Independent and Dependent Percolation: Preface; The 
basics of percolation; Rescaling and finite-size scaling in perco
lation; Critical exponent inequalities; Two fundamental 
questions; Finite-size scaling and the incipient infinite cluster; 
The BK(R) inequality; The Potts model and the random cluster 
model; Bibliography; L. jensen and H.-T. Yau, Hydrodynamical 
Scaling Limits of Simple Exclusion Models: Introduction; The 
simple exclusion model; Proof of Theorem 1.4; Local ergod
icity; Two-block estimate; Relative entropy; The Green-Kubo 
formula and asymmetric simple exclusion processes; Some 
open problems; Bibliography; D. W Stroock, An Introduction to 

Analysis on Path Space: Introduction; Gaussian measures on a 
Hilbert space; Rolling on; About 'WM; A few facts, and some
thing else; Bibliography; E. P. Hsu, Analysis on Path and Loop 
Spaces: Introduction; Euclidean Brownian motion; Gradient 
operator; Ornstein-Uhlenbeck operator; Brownian motion on 
manifolds; Gradient formulas; Integration by parts; Loga
rithmic Sobolev inequalities; Bibliographical comments; 
Bibliography; M. Avellaneda, An Introduction to Option Pricing 
and the Mathematical Theory of Risk: Bibliography. 

lAS/Park City Mathematics Series, Volume 6 

March 1999, 374 pages, Hardcover, ISBN 0-8218-0590-8, LC 98-
51767, 1991 Mathematics Subject Classification: 60-01, 60-02, 
All AMS members $45, List $56, Order code PCMS/6RT95 

Recommended Text 

Supplementary Reading 

Algebraic Topology: An Intuitive 
Approach 
Hajime Sato, Nagoya University, japan 

The single most difficult thing one faces when one begins to 
learn a new branch of mathematics is to get a feel for the 
mathematical sense of the subject. The purpose of this book is 
to help the aspiring reader acquire this essential common 
sense about algebraic topology in a short period of time. To 
this end, Sato leads the reader through simple but meaningful 
examples in concrete terms. Moreover, results are not 
discussed in their greatest possible generality, but in terms of 
the simplest and most essential cases. 

In response to suggestions from readers of the original edition 
of this book, Sa to has added an appendix of useful definitions 
and results on sets, general topology, groups and such. He has 
also provided references. 

Topics covered include fundamental notions such as homeo
morphisms, homotopy equivalence, fundamental groups and 
higher homotopy groups, homology and cohomology, fiber 
bundles, spectral sequences and characteristic classes. Objects 
and examples considered in the text include the torus, the 
Mobius strip, the Klein bottle, closed surfaces, cell complexes 
and vector bundles. 

Contents: Objectives; Homeomorphisms and homotopy equiva
lences; Topological spaces and cell complexes; Fundamental 
groups and higher homotopy groups; Homology; Homology 
groups of cell complexes; Cohomology; Homology of product 
spaces and the universal coefficient theorem; Fiber bundles 
and vector bundles; Spectral sequences; A view from current 
mathematics; Appendix; Answers to exercises; Recommended 
reading; Index. 

Translations of Mathematical Monographs (Iwanami Series in 
Modern Mathematics), Volume 183 

Aprill999, 118 pages, Softcover, ISBN 0-8218-1046-4, LC 98-
53247, 1991 Mathematics Subject Classification: 55-01; 57-01, 
All AMS members $16, List $20, Order code MMON0/183RT95 

Differential and Symplectic Topology of 
Knots and Curves 
S. Tabachnikov, University of Arkansas, Fayetteville, 
Editor 

This book presents a collection of papers on two related 
topics: topology of knots and knot-like objects (such as curves 
on surfaces) and topology of Legendrian knots and links in 
3-dimensional contact manifolds. 

Featured is the work of international experts in knot theory 
("quantum" knot invariants, knot invariants of finite type), in 
symplectic and contact topology, and in singularity theory. The 
interplay of diverse methods from these fields makes this 
volume unique in the study of Legendrian knots and knot-like 
objects such as wave fronts. A particularly enticing feature of 
the volume is its international significance. The volume 
successfully embodies a fine collaborative effort by worldwide 
experts from Belgium, France, Germany, Israel, Japan, Poland, 
Russia, Sweden, the U.K., and the U.S. 

Contents: ]. C. Alvarez Paiva, E. Ferrand, V. Goryunov, 
T. Januszkiewicz, ]. Swi<l tkowski, S. K. Lando, A. B. Merkov, 
M. Polyak, B. Shapiro, S. Tabachnikov, V. Tchernov, 
M. Umehara, G. Thorbergsson, M. Umehara,V. A. Vassiliev. 

American Mathematical Society Translations-Series 2 
(Advances in the Mathematical Sciences), Volume 190 

March 1999, 286 pages, Hardcover, ISBN 0-8218-1354-4, LC 91-
640741, 1991 Mathematics Subject Classification: 57Gxx; 
53Cxx, Individual member $59, List $99, Institutional member 
$79, Order code TRANS2/190RT95 

The Heritage of Emmy Noether 
Mina Teicher, Bar-Ilan University, Ramat-Gan, Israel, 
Editor 

A publication of Bar-Ilan University. 

Named for the noted mathematician, the Emmy Noether 
Research Institute for Mathematics held a two-day conference 
dedicated to her heritage and her influence on mathematics 
and physics in the 20th and 21st centuries. This volume 
presents the proceedings of that conference. It includes a 
comprehensive description of her contributions to commuta
tive and noncommutative algebra, algebraic geometry, 
topology, and physics given by world experts in these fields. 
Also included is a profile of her life. The volume is a compre
hensive collection of Noether's valuable contributions to 
mathematics and physics. 
Distributed worldwide by the AMS. 

Contents: M. Teicher, H. Flenner, W. Scharlau, F. Hirzebruch, 
N. Byers, Y. Ne'eman. 

Israel Mathematical Conference Proceedings, Volume 12 

December 1998, 101 pages, Softcover, 1991 Mathematics 
Subject Classification: 13, 14, 16, 17; 54, Individual member 
$23, List $39, Institutional member $31, Order code 
IMCP/12RT95 
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Mathematics and Biology 
These AMS books are in keeping with this year's Mathematical Awareness theme: Mathematics and Biology. The appli
cation of mathematics to biological research is indispensable in many fields, including genetics, epidemiology, cardiology, 
data analysis, and more. The selections below highlight some of the areas in which the marriage of mathematics to 
biology has advanced scientific discovery and applications. Order these and more titles in applications or research from 
the AMS Bookstore at www.ams.org/bookstore/, or call Customer Services. (See contact information, below.) 

Stochastic Partial Differential 
Equations: Six Perspectives 
Rene A. Carmona, Princeton University, NJ, and 
Boris Rozovskii, University of Southern California, 
Los Angeles, Editors 
Mathematical Surveys and Monographs, Volume 64; 1999; ISBN 0·8218-
0806-0; 334 pages; Hardcover; All AMS members $39, List $49, Order Code 
SURV/64CT95 

Mathematical Support 
for Molecular Biology 
Martin Farach-Colton, Lucent Technologies Bell 
Laboratories, Murray Hill, NJ, Fred S. Roberts, Rutgers 
University, New Brunswick, NJ, Martin Vingron, Heidelberg, 
Germany, and Michael Waterman, University of Southern 
California, Los Angeles, Editors 
DIMACS: Series in Discrete Mathematics and Theoretical Computer 
Science, Volume 47; 1999; ISBN 0-8218-0826-5; 286 pages; Hardcover; 
Individual member $39, List $65, Institutional member $52, Order Code 
DIMACS/47CT95 

DNA Based Computers II 
Laura F. Landweber, Princeton University, NJ, and 
Eric B. Baum, NEG Research Institute, Princeton, NJ, Editors 
DIMACS: Series in Discrete Mathematics and Theoretical Computer 
Science, Volume 44; 1999; ISBN 0-8218-0756-0; 275 pages; Hardcover; 
Individual member $35, List $59, Institutional member $47, Order Code 
DIMACS/44CT95 

DNA Based Computers 
Richard J. Lipton, Princeton University, NJ, and 
Eric B. Baum, NEG Research Institute, Princeton, NJ, Editors 
DIMACS: Series in Discrete Mathematics and Theoretical Computer 
Science, Volume 27; 1996; ISBN 0-8218-0973-3; 221 pages; Softcover; 
Individual member $29, List $49, Institutional member $39, Order Code 
DIMACS/27.SCT95 

Mathematical Hierarchies 
and Biology 
Boris Mirkin, Rutgers University, Piscataway, NJ, 
F. R. McMorris, University of Louisville, KY, 
Fred S. Roberts, Rutgers University, New Brunswick, NJ, 

and Andrey Rzhetsky, Columbia University, New York City, 
NY, Editors 
DIMACS: Series in Discrete Mathematics and Theoretical Computer 
Science, Volume 37; 1997; ISBN 0-8218-0762-5; 388 pages; Hardcover; 
Individual member $47, List $79, Institutional member $63, Order Code 
DIMACS/37CT95 

Mathematical and 
Computational Biology: 
Computational Morphogenesis, 
Hierarchical Complexity, 
and Digital Evolution 
Chrystopher L. Nehaniv, University of Hertfordshire, 
Hatfield, UK, Editor 
Cover art created and provided by Richard Michod and Denis Raze. Used 
with permission. 

Lectures on Mathematics in the Life Sciences, Volume 26; 1999; 
ISBN 0-8218-0941-5; 201 pages; Sottcover; Individual member $35, List $59, 
Institutional member $47, Order Code LLSCI/26CT95 

Differential Equations with 
Applications to Biology 
Shigui Ruan, Dalhousie University, Halifax, NS, Canada, 
Gail S. K. Wolkowicz, McMaster University, Hamilton, ON, 
Canada, and Jianhong Wu, York University, North York, ON, 
Canada, Editors 
Fields Institute Communications, Volume 21; 1999; ISBN 0-8218-0944-X; 
509 pages; Hardcover; Individual member $77, List $129, Institutional member 
$103, Order Code FIC/21CT95 

DNA Based Computers Ill 
Harvey Rubin, University of Pennsylvania, Philadelphia, 
and David Harlan Wood, University of Delaware, Newark, 
Editors 
DIMACS: Series in Discrete Mathematics and Theoretical Computer 
Science, Volume 48; 1999; ISBN 0-8218-0842-7; approximately 351 pages; 
Hardcover; Individual member $47, List $79, Institutional member $63, Order 
Code DIMACS/48CT95 
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All prices subject to change. Charges for delivery are $3.00 per order. For optional air delivery outside of the continental U. S., please include $6.50 per 
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Perfect PDE Texts 

Have you ever wished for the "perfect" POE text? What 
would you want it to include? Would you expect a 
detailed and comprehensive overview, covering historical 

as well as contemporary advances? Would you want the book to 
be useful for a broad audience, including theorists, applied 
scientists and/or professors? How would you face such a 
demanding task? Read on to see how the AMS defined the 
"perfect" POE presentation and met the challenge of making it 
accessible. 

First, what would the book contain? Start with the general 
theory: the Dirichlet and Neumann problems, Cauchy's problem, 
characteristics, etc. Add any significant advances made since 
the sixties. Include today's cutting-edge research developments: 
results on nonlinear PDEs, the modern interplay between func
tional analytic insights, calculus-type estimates within the context 
of Sobolev spaces, etc. Once you've compiled this extensive 
information, you would present it in a way that would appeal to a 
wide audience with different approaches to one topic-PDEs. 
Sounds like you've got potential for the perfect POE book, 
doesn't it? 

Such a detailed and comprehensive tome would be invaluable. 
Postdocs, researchers, lecturers, pure and applied mathemati
cians and physicists would be clamoring for a copy, correct? 
Not really. The practical considerations of producing this 
"perfect" POE text render the idea unrealistic. This "perfect" text 
would be a monumental undertaking that would be exhausting, 
overly expensive, and run to several thousand pages! The 
"perfect" POE text sounds great in theory, but the reality of 
preparing the actual book seems more prohibitive than utili
tarian! 

The AMS has an alternate solution to the single "perfect" POE 
text. It is a solution that is both economical and practical: three 
outstanding volumes containing detailed and comprehensive 
information for a broad readership. The texts span POE research 
from historical development through current results. The volumes 
outline POE development and offer a unique perspective illus
trating how we got from "there" to "here". The texts are suitable 
for research needs, applied purposes and/or classroom instruc
tion. Each volume is affordably priced and elegantly produced by 
the AMS. Ordering and AMS contact information is listed below. 

Harold Levine, Stanford University, CA 

Partial Differential Equations 
The book by Levine is a classical approach to PDEs, treating the 
fundamental general questions and covering the core equations 
derived from mathematical physics. 
Titles in this series are co-published with International Press, Cambridge, 
MA. 

AMS/IP Studies in Advanced Mathematics, Volume 6; 1997; 706 pages; 
Hardcover; ISBN 0-8218-0775-7; List $69; All AMS members $55; Order 
code AMSIP/6NA 

P. R. Garabedian, New York University, 
Courant Institute, NY 

Partial Differential Equations 
Garabedian's treatment includes the classical topics, but is, at 
heart, informed by the needs of the applied mathematician. In 

particular, he has chapters on the method of finite differences and 
on fluid mechanics. 
AMS Chelsea Publishing; 1964; 672 pages; Hardcover; ISBN 0-8218-1377-
3; List $45; All AMS members $41; Order code CHEU325.HNA 

Lawrence C. Evans, University of California, 
Berkeley 

Partial Differential Equations 
Evans takes the most modern approach to the subject, but without 
becoming diverted into a course on functional analysis. Roughly 
one third of the book deals with nonlinear equations. There is also 
an emphasis on understanding generalized solutions. 
Graduate Studies in Mathematics, Volume 19; 1998; 662 pages; 
Hardcover; ISBN 0-8218-0772-2; List $75; All AMS members $60; 
Order code GSM/19NA 

More fine PDE texts 
from theAHS 

Hyperbolic Equations and Frequency 
Interactions 
Luis Caffarelli and Weinan E, Courant Institute, New York 
University, NY, Editors 
Members of the Mathematical Association of America (MAA) and the 
National Council of Teachers of Mathematics (NCTM) receive a 20% 
discount from list price. 

lAS/Park City Mathematics Series, Volume 5; 1999; 466 pages; Hardcover; 
ISBN 0-8218-0592-4; List $69; All AMS members $55; Order code PCMS/5NA 

Lectures on Elliptic and Parabolic 
Equations in Holder Spaces 
N. V. Krylov, University of Minnesota, Minneapolis 

The author has fully achieved his goal ... and has written an impres
sive book that presents nice material in an interesting way ... this 
book can be recommended as a thorough, modern and sufficiently 
broad introduction to partial differential equations of elliptic and para
bolic types for graduate students and instructors (and also for 
individual study) in mathematics, physics, and (possibly) engineering. 

-Mathematical Reviews 
Graduate Studies in Mathematics, Volume 12; 1996; 164 pages; Hardcover; 
ISBN 0-8218-0569-X; List $29; All AMS members $23; Order code 
GSM/12NA 

Monotone Operators in Banach Space 
and Nonlinear Partial Differential 
Equations 
R. E. Showalter, University of Texas at Austin 

The book is extremely clear and well written, and so it is very read
able. It contains a large variety of examples and applications and 
consequently it will prove quite useful not only to mathematicians, 
but also to engineers and physicists. 

-Mathematical Reviews 
Mathematical Surveys and Monographs, Volume 49; 1997; 278 pages; 
Hardcover; ISBN 0-8218-0500-2; List $75; Individual member $45; Order 
code SURV/49NA 

All prices subject to change. Charges for delivery are $3.00 per order. For optional air delivery outside of the continental U. S., please include $6.50 
per item. Prepayment required. Order from: American Mathematical Society, P. 0. Box 5904, Boston, MA 02206-5904, USA. For credit card orders, 
fax 1-401 -455-4046 or call toll free 1-800-321-4AMS (4267) in the U. S. and Canada, 1-401-455-4000 worldwide. Or place your order through the 
AMS bookstore at www.ams.org/bookstore/. Residents of Canada, please include 7% GST. 

~ For many more titles in this subject area, visit the AMS bookstore at www.ams.org/bookstore/. 



Classified Advertisements 
Positions available, items for sale, services available, and more 

ALABAMA 

THE UNIVERSITY OF ALABAMA 
Department of Mathematics 
College of Arts and Sciences 

Director of Introductory Mathematics 

The Department of Mathematics invites 
applications for a tenure-track position as 
Director of Introductory Mathematics at 
the assistant/associate professor level to 
begin in June 1999. This is a 12-month 
position. Candidates must possess a doc
torate in mathematics or a doctorate in 
mathematics education with a master's 
degree in mathematics (or the equivalent). 
The Director of Introductory Mathematics 
has primary responsibility for curriculum 
development, coordinating and scheduling 
introductory mathematics courses, and su
pervision of instructors and GTAs. Candi
dates must have successful teaching expe
rience at the developmental level and post
secondary level; possess excellent com
munication skills; demonstrate knowledge 
of compensatory mathematics programs, 
materials, and methods; and have strong 
organizational skills. In addition, the Direc
tor is expected to teach at least one course 
per semester and to engage in scholarship 
in mathematics or mathematics education. 
Send letter of application, vita, transcripts, 
and at least three letters of reference 
to: Recruiting Committee, Department of 

Mathematics, The University of Alabama, 
Box 870350, Tuscaloosa, AL 35487-0350. 
Review of applications will begin in Feb
ruary and will continue until position is 
filled. The University of Alabama is an 
AA/EO Employer. For more information 
about the position or institution: http: I I 
www .math . ua. edu/. 

THE UNIVERSITY OF 
ALABAMA IN HUNTSVILLE 

Mathematical Sciences Department 

The Mathematical Sciences Department at 
the University of Alabama in Huntsville 
invites applications for two non-tenure
track faculty positions with the rank of 
lecturer beginning August 1999. The po
sitions are renewable upon the result of 
annual performance evaluations. Appli
cants must possess at least a master's 
degree or, preferably, a doctoral degree 
in mathematics or mathematics education, 
demonstrate evidence of excellent teach
ing ability, and have expertise or strong 
interest in computer-assisted mathematics 
curriculum. Send a letter of application, 
vita, transcripts, and three letters of refer
ence to Chairman, Department of Mathe
matical Sciences, University of Alabama in 
Huntsville, Huntsville, AL 35899. Review 
of applicants will begin April 20, 1999, 
and will continue until the positions are 
filled. Women and minorities are encour-

aged to apply. The University of Alabama 
in Huntsville is an Affirmative Action/ 
Equal Opportunity Institution. 

ILLINOIS 

SOUTHERN ILLINOIS 
UNIVERSITY CARBONDALE 

Department of Mathematics 
Temporary Positions 

1999-2000 

Temporary positions as Lecturer are antic
ipated starting on August 16, 1999. Mas
ter's degree in mathematics or admission 
to candidacy required; Ph.D. preferred. 
Applicants must provide evidence of ex
cellence in teaching and evidence of ability 
to teach effectively in English. Preference 
given to applicants with research interests 
compatible with those of the faculty. The 
duties will consist of 12 hours of un
dergraduate mathematics instruction each 
semester. Closing date April 15, 1999, or 
until positions are filled. Send applications 
(including transcripts) to: Temporary Po
sitions, Department of Mathematics, Mail
code 4408, Southern Illinois University, 
Carbondale, IL 62901-4408. 

Southern Illinois University Carbondale 
is an Equal Opportunity I Affirmative Ac
tion Employer. 

Suggested uses for classified advertising are positions available, books 
or lecture notes for sale, books being sought, exchange or rental of 
houses, and typing services. 

21, 1999; October issue-July 23, 1999; November issue-August 23, 1999; 
December issue-September 24, 1999. 

The 1999 rate is $100 per inch or fraction thereof on a single column 
(one-inch minimum), calculated from top of headline. Any fractional text 
of l /2 inch or more will be charged at the next inch rate. No discounts for 
multiple ads or the same ad in consecutive issues. For an additional $10 
charge, announcements can be placed anonymously. Correspondence will 
be forwarded. 
Advertisements in the "Positions Available" classified section will be set 
with a minimum one-line headline, consisting of the institution name 
above body copy, unless additional headline copy is specified by the 
advertiser. Headlines will be centered in boldface at no extra charge. Ads 
will appear in the language in which they are submitted. 
There are no member discounts for classified ads. Dictation over the 
telephone will not be accepted for classified advertising. 
Upcoming deadlines for classified advertising are as follows: June/ July 
issue-April 26, 1999; August issue-May 21, 1999; September issue-June 

U.S. laws prohibit discrimination in employment on the basis of color, 
age, sex, race, religion, or national origin. "Positions Available" advertise
ments from institutions outside the U.S. cannot be published unless they 
are accompanied by a statement that the institution does not discriminate 
on these grounds whether or not it is subject to U.S. laws. Details and 
specific wording may be found on page 13 73 (vol. 44). 
Situations wanted advertisements from involuntarily unemployed 
mathematicians are accepted under certain conditions for free publi
cation. Call toll-free 800-321-4AMS (321-4267) in the U.S. and Canada, or 
401-455-4084 worldwide, for further information. 
Submission: Promotions Department, AMS, P. 0. Box 6248, Providence, 
Rhode Island02940, or via fax, 401-331-3842, or send e-mail to c l assads\\1 
ams. or g. AMS location for express delivery packages is 201 Charles 
Street, Providence, Rhode Island 02904. Advertisers will be billed upon 
publication. 
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Classified Advertisements 

TURKEY 
ISTANBUL BILGI UNIVERSITY 

Faculty Positions 

The Department of Mathematics and Com
puter Science at Istanbul Bilgi University, 
Turkey, invites applications at all levels. 
Candidates from all ar_eas of specializa
tion in mathematics will be considered. 
Candidates should have a Ph.D. in mathe
matics and have a strong interest in both 
research and teaching. The appointments 
will begin in August 1999. For full consid
eration, applications should be submitted 
by March 15, 1999. However, applications 
will be accepted until the positions are 
filled. Applicants should send a letter of 
intent, resume, and statement of research 
and teaching interests to Prof. Ali Nesin 
(e-mail: anesin!Dibun. edu. tr). 

SERVICES AVAILABLE 

DocuTEXing 

DocuTI)Xing is a high-quality T};X type
setting facility for mathematical journals 
and monographs. Our services also in
clude HTML coding, reference validation, 
and illustrations. We can see an elec
tronic journal through from start to fin
ish. For more information, samples, and 
references, please e-mail main-office!§ 
DocuTeXing. com, or visit http: I /www. 
DocuTeXing. com/. 

PUBLICATIONS OFFERED 
FREE TEXTBOOK ONLINE 

Textbooks are too long and too expensive. 
Elements of Abstract and Linear Algebra by 
E. H. Connell is 130 pages. Nearly. This "in 
your face" algebra text breaks the mold and 
is designed to make the subject easier to 
teach and easier to learn. There should be 
no difficulties except those inherent in the 
material itself. You may view or download 
at http://www .math.miami.edu;-ec/. 

PUBLICATIONS WANTED 
MATHEMATICS BOOKS PURCHASED 

Pure & appl. adv. & research level, any 
age, usable cond. Reprints OK. One box 
to whole libraries sought. Contact: Col
lier Brown or Kirsten Berg @ Powell's 
Technical Bks., Portland, OR. Call 800-
225-6911, fax 503-228-0505, or e-mail 
kirsten!Dtechnical.powells.com. 
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The Most Powerful 

Mathematical Typesetting 

Software 

Y&Y TeX System 

There's no better mathematical typesetting language than 
TEX, and there's no better software for implementing it 
than Y&Y TeX System. Y&Y TeX System simplifies TEX while 
maximizing its unsurpassed typesetting capabilities. 

• On-the-fly font re-encoding lets you 
specify unencoded characters otherwise 
inaccessible in Windows. 

• Partial font downloading dramatically 
Y&Y TeX System. I sp~eds up printing. 

• Web publishing capabilities let you prepare 
documents in Acrobat PDF which appear 

The Ultimate on screen exactly as you designed them. 

• Customizable TEX menu lets you link to 
an editor, spell-checker or any other DOS 
or Windows program. 

Problem Solver. 
But that's just part of the whol.e formula. 

For more information about 

Y&Y Inc. 
Y&Y TeX System, check out our 

web site at http://www:YandY.com 

or e-mail sales-help@YandY.com Concord, MA USA 

800-742-4059 http:/ /www.YandY.com 
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The MATHEMATICAL ASSOCIATION OF AMERICA 

EXECUTIVE DIRECTOR 

The Mathematical Association of America seeks an Executive Director to begin on or about January 1, 
2000. The Association, with 26,000 members, is dedicated to the advancement of mathematics, 
particularly at the collegiate level. Its activities include national and regional meetings, publication of 
journals and books, professional development programs, and mathematical competitions. 

In cooperation with other mathematical organizations the Association is active in publicizing and 
explaining to the public and the government the importance of mathematics in meeting the needs of the 
country. 

The Executive Director is the Chief Executive Officer of the Association, working for the Board of 
Governors under the immediate direction of the President and Treasurer, and assisted by directors for 
publications and electronic services, membership and marketing, development, and finance. 

The Executive Director has ultimate responsibility for all programmatic and administrative activities of 
the Association, including supervision of the headquarters staff of25, and, along with the elected 
officers, represents the Association in professional, governmental, and public affairs as an advocate on 
behalf of collegiate mathematics, as a fund raiser, and as a liaison with other organizations. 

Candidates should hold a graduate degree in mathematics or science and have substantial professional 
experience as practitioners or educators in their field. Candidates from the academic world should have 
administrative experience at least at the level of department chair. Experience in personnel 
management, financial and budget management, fund raising, publishing, electronic services, 
marketing, and working with volunteers is desirable. 

The Executive Director is based at the Washington, D.C. headquarters of the Association. The 
appointment is for a renewable five-year term. The salary will be competitive, and fringe benefits are 
liberal. 

The Chairperson of the Search Committee is Kenneth A. Ross. Send applications (with resume and 
names of three references) and nominations to: 

Professor Gerald L. Alexanderson 
Department ofMathematics 
Santa Clara University 
Santa Clara, CA 95053-0290 

The deadline for applications is May 20, 1999. For more information about the association, see MAA 
Online at www.maa.org. 

The Mathematical Association of America is an Affirmative Action, Equal Opportunity Employer. 



APPLICATION FOR 
MEMBERSHIP 

1999 
jANUARY-DECEMBER 

Please read the "Membership Categories" seaion of this form to determine the 
membership category for which you are eligible. Then (Ill out this application and 
return it as soon as possible. 

Date _____ _ 19 ____ _ 

Family Name First Middle 

Place of Birth City State Country 

Date of Birth Day Month Year 

If formerly a member of AMS, please indicate dates __________ _ 

Check here if you are now a member of either D MAA or D SIAM 

Degrees, with institutions and dates _______________ _ 

Present position-~----------------------

Firm or institution _ ___ __________________ _ 

City State Zip/Country 

Primary Fields of Interest (choose five from the list at right) 

Secondary Fields of Interest (choose from the list at right) 

Address for all mail 

Telephone number(s)·-------- -------------

Electronic address ______________________ _ 

Signature 

Fields of Interest 
If you wish to be on the mailing lists to receive information about publications in 
fields of mathematics in which you have an interest, please consult the list of major 
headings below. These categories will be added to your computer record so that 
you will be informed of new publications or special sales in the fields you have indi· 
cated. 

EME Education/Mathematics Education 
00 General 
01 History and biography 
03 Mathematical logic and foundations 
04 Set theory 
05 Combinatorics 
06 Order, lattices, ordered algebraic 

structures 
08 General algebraic systems 
11 Number theory 
12 Field theory and polynomials 
13 Commutative rings and algebras 
14 Algebraic geometry 
15 Linear and multilinear algebra; 

matrix theory 
16 Associative rings and algebras 
17 Nonassociative rings and algebras 
18 Category theory, homological alge-

bra 
19 K-theory 
20 Group theory and generalizations 
22 Topological groups, Lie groups 
26 Real functions 
28 Measure and integration 
30 Functions of a complex variable 
31 Potential theory 
32 Several complex variables and ana-

lytic spaces 
33 Special functions 
34 Ordinary differential equations 
35 ·Partial differential equations 
39 Finite differences and functional 

equations 
40 Sequences, series, summability 
41 Approximations and expansions 
42 Fourier analysis 
43 Abstract harmonic analysis 
44 Integral transforms, operational cal

culus 

45 
46 
47 
49 

51 
52 
53 
54 
55 
57 
58 

60 

62 
65 
68 
70 
73 
76 
78 
80 

81 
82 

83 
85 
86 
90 

92 

93 
94 

Integral equations 
Functional analysis 
Operator theory 
Calculus of variations and optimal 
control; optimization 
Geometry 
Convex and discrete geometry 
Differential geometry 
General topology 
Algebraic topology 
Manifolds and cell complexes 
Global analysis, analysis on mani-
folds 
Probability theory and stochastic 
processes 
Statistics 
Numerical analysis 
Computer science 
Mechanics of particles and systems 
Mechanics of solids 
Fluid mechanics 
Optics, electromagnetic theory 
Classical thermodynamics, heat 
transfer 
Quantum theory 
Statistical mechanics, structure of 
matter 
Relativity and gravitational theory 
Astronomy and astrophysics 
Geophysics 
Economics, operations research, 
programming, games 
Biology and other natural sciences, 
behavioral sciences 
Systems theory; control 
Information and communication, cir-
cuits 

Prepayment Methods and Mailing Addresses 
All prices quoted in U.S. dollars. 
Payment by check must be drawn on U.S. bank if paid in U.S. dollars. 

Send checks, money orders, UNESCO coupons to American 
Mathematical Society, P.O. Box 5904, Boston, MA 02206-5904 

To use credit cards, fill in information requested and mail to American 
Mathematical Society, P.O. Box 6248, Providence, Rl 02940-6248 or call 
(401) 455-4000 or 1-800-321-4AMS. 

For Foreign Bank Transfers: American Mathematical Society, State 
Street Bank and Trust Company, 225 Franklin St., ABA \#011000028, 
Account \#0128-262-3, Boston, MA 02110. 

D American Express D Discover 

Account number 

DVISA D MasterCard 

Expirat ion date 
'-IM=9=N-:-::o=l 



Membership Categories 
Please read the following to determine what membership category you are eligible for, 
and then indicate below the category for which you are applying. 

Introductory ordinary member rate applies to the first five consecutive years of ordi
nary membership. Eligibility begins with the first year of membership in any category 
other than student and nominee. Dues are $50. 

For ordinary members whose annual professional income is below $55,000, the dues 
are $99; for those whose annual professional income is $55,000 or more, the dues are 
$132. 

For a joint family membership, one member pays ordinary dues, based on his or her 
income; the other pays ordinary dues based on his or her income, less $20. (Only the 
member paying full dues will receive the Notices and the Bulletin as a privilege of mem
bership, but both members will be accorded all other privileges of membership.) 

Minimum dues for contributing members are $198. The amount paid which exceeds 
the higher ordinary dues level and is purely voluntary may be treated as a charitable con
tribution. 

For either students or unemployed individuals, dues are $33, and annual verification 
is required. 
The annual dues for reciprocity members who reside outside the U.S. are $66. To be 

eligible for this classification, members must belong to one of those foreign societies with 
which the AMS has established a reciprocity agreement, and annual verification is 
required. Reciprocity members who reside in the U.S. must pay ordinary member dues 
($99 or $132). 
The annual dues for category-S members, those who reside in developing countries, 

are $16. Members can chose only one privilege journal. Please indicate your choice below. 
Members can purchase a multi-year membership by prepaying their current dues rate 

for either two, three, four or five years. This option is not available to category-S, unem
ployed, or student members. 

I 999 Dues Schedule Oanuary through December) 

Introductory ordinary member rate.................. .. .............. .......... ............ .. .. ..... 0$50 

Ordinary member ...................... ........ .. ............ .............................. .. .. 0$99 0$132 

Joint family member (full rate) ........................................................ 0$99 0$132 

Joint family member (reduced rate) ............................................... 0$79 0$112 

Contributing member (minimum $192) .................... .... .. .................... ..................... 0 

Student member (please verify)' .... .. .............................. .. ........ .......................... 0$33 

Unemployed member (please verify) ' ............................................................... 0$33 

Reciprocity member (please verify)' .............. ............... 0$66 0$99 0$132 

Category-$ member 4 .................................................. .............................. ........... 0$16 

Multi-year membership ... ....... ... .. .... .. ...................... .. .... $ .................... for ........ .. ... ... years 

' Student Verification (sign below) 
I am a full-time student at _________________ _ 

______________ __ currently working toward a degree. 

'Unemployed Verification (sign below) I am currently unemployed and actively 
seeking employment. 

' Reciprocity Membership Verification (sign below) I am currently a member of 
the society indicated on the right and am therefore eligible for reciprocity membership. 

Signature 

' 0 send NOTICES 0 send BULLETIN 

Reciprocating Societies 
0 Allahabad Mathematical Society 

0 Australian Mathematical Society 

0 Azerbaijan Mathematical Society 

0 Balkan Society of Geometers 

0 Berliner Mathematische 
Gessellschaft e.V. 

0 Calcutta Mathematical Society 

0 Canadian Mathematical Society 

0 Croatian Mathematical Society 

0 Cyprus Mathematical Society 

0 Dansk Matematisk Forening 

0 Deutsche Mathematiker-Vereinigung 
e.V. 

0 Edinburgh Mathematical Society 

0 Egyptian Mathematical Society 

0 Gesellschaft tor Angewandte 
Mathematik und Mechanik 

0 Glasgow Mathematical Association 

0 Hellenic Mathematical Society 

0 Icelandic Mathematical Society 

0 Indian Mathematical Society 

0 Iranian Mathematical Society 

0 Irish Mathematical Society 

0 Israel Mathematical Union 

0 Janos Bolyai Mathematical Society 

0 The Korean Mathematical Society 

0 London Mathematical Society 

0 Malaysian Mathematical Society 

0 Mathematical Society of Japan 

0 Mathematical Society of Serbia 

0 Mathematical Society of the 
Philippines 

0 Mathematical Society of the 
Republic of China 

0 Mongolian Mathematical Society 

0 Nepal Mathematical Society 

0 New Zealand Mathematical Society 

0 Nigerian Mathematical Society 

0 Norsk Matematisk Forening 

0 bsterreichische Mathematische 
Gesellschaft 

0 Palestine Society for Mathematical 
Sciences 

0 Polskie Towarzystwo Matematyczne 

0 Punjab Mathematical Society 

0 Ramanujan Mathematical Society 

0 Real Sociedad Matematica Espanola 

0 Saudi Association for Mathematical 
Sciences 

0 Singapore Mathematical Society 

0 Sociedad Colombiana de 
Matematicas 

0 Sociedad Espanola de Matematica 
Aplicada 

0 Sociedad de Matematica de Chile 

0 Sociedad Matematica de Ia 
Republica Dominicana 

0 Sociedad Matematica Mexicana 

0 Sociedad Uruguaya de Matematica y 
Estadfstica 

0 Sociedade Brasileira Matematica 

0 Sociedade Brasileira de Matematica 
Aplicada e Computacional 

0 Sociedade Paranaense de 
Matematica 

0 Sociedade Portuguesa de 
Matematica 

0 Societal Catalana de Matematiques 

0 Societatea de $tiinte Matematice din 
Romania 

0 Societatea Matematicienilor din 
Romania 

0 Societe Mathematique Appliquees et 
lndustrielles 

0 Societe Mathematique de Belgique 

0 Societe Mathematique de France 

0 Societe Mathematique du 
Luxembourg 

0 Societe Mathematique Suisse 

0 Society of Associations of 
Mathematicians & Computer 
Science of Macedonia 

0 Society of Mathematicians, 
Physicists, and Astronomers of 
Slovenia 

0 South African Mathematical Society 

0 Southeast Asian Mathematical 
Society 

0 Suomen Matemaattinen Yhdistys 

0 Svenska Matematikersamfundet 

0 Ukrainian Mathematical Society 

0 Union Mathematica Argentina 

0 Union of Bulgarian Mathematicians 

0 Union of Czech Mathematicians and 
Physicists 

0 Union of Slovak Mathematicians and 
Physicists 

0 Unione Matematica ltaliana 

0 Vijnana Parishad of India 

0 Wiskundig Genootschap 



Meetings & Conferences 
oftheAMS 

IMPORTANT NEW PROGRAM INFORMATION: In order that AMS meeting programs include the most timely 
information for each speaker, abstract deadlines have been moved to dates much closer to the meeting. As are
sult, Sectional Meeting programs have been appearing in the Notices ''after'' the meeting takes place. The Secre
tariat of the AMS has observed that this arrangement does not provide an adequate service to the reader. So, be
ginning with the Gainesville meeting (March 12-13, 1999), AMS Sectional Meeting programs will no longer appear 
in the print version of the Notices. However, prior to the meeting date, comprehensive and continually updated 
meeting and program information with links to the abstract for each talk can be found on e-MATH. See 
http: I /www. ams. org/meeti ngs/. Programs and abstracts will continue to be displayed one-MATH in the Meet
ings and Conferences section until about three weeks after the meeting is over. Final programs for Sectional Meet
ings will be archived one-MATH in the next electronic issue of the Notices which follows the meeting. See the 
entry "Program issue of electronic Notices" listed below for each meeting to identify the specific issue. 

Gainesville, Florida 
University of Florida 

March 12-1 3, 1999 

Meeting #940 
Southeastern Section 
Associate secretary: Robert J. Daverman 
Announcement issue of Notices: January 1999 
Program first available on eMATH: February 17, 1999 
Program issue of electronic Notices: May 1999 
Issue of Abstracts: Volume 20, Issue 2 

Urbana, Illinois 
University of Illinois, Urbana-Champaign 

March 1 8-21, 1 999 

Meeting #941 
Central Section 
Associate secretary: Susan J. Friedlander 
Announcement issue of Notices: January 1999 
Program first available on eMATH: March 3, 1999 
Program issue of electronic Notices: May 1999 
Issue of Abstracts: Volume 20, Issue 2 

Las Vegas, Nevada 
University of Nevada, Las Vegas 

April10-11, 1999 

Meeting #942 
Western Section 
Associate secretary: Bernard Russo 
Announcement issue of Notices: February 1999 
Program first available on eMATH: March 5, 1999 
Program issue of electronic Notices: June 1999 
Issue of Abstracts: Volume 20, Issue 2 

Deadlines 
For organizers: Expired 
For consideration of contributed papers in Special Ses

sions: Expired 
For abstracts: Expired 

Invited Addresses 

Greg Kuperberg, UC Davis, From topological quantum field 
theory to fault-tolerant quantum computation. 

Lorenzo A. Sadun, University of Texas at Austin, Tilings, 
quasicrystals and continuous symmetry. 

John Steel, University of California, Berkeley, Large car
dinals, determinacy, and inner models. 
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Meetings & Conferences 

Special Sessions 

Analysis and Geometry, Peter ti and Song-Ying ti, Uni
versity of California, Irvine. 

Combinatorial Theory, Kequan Ding, University of Illinois, 
Urbana, Peter Shiue, University of Nevada, Las Vegas, and 
Yeong-Nan Yeh, Academia Sinica. 

Control and Dynamics of Partial Differential Equations, 
Zhonghai Ding, University of Nevada, Las Vegas. 

Diophantine Problems, Arthur Baragar, University of 
Nevada, Las Vegas, and Michael Bennett, University of Illi
nois. 

Geometric Group Theory, Eric M. Freden, Southern Utah 
University, and Eric Lewis Swenson, Brigham Young Uni
versity. 

Graph Theory, Hung-tin Fu, National Chiao-Tung Univer
sity-Taiwan, Chris A. Rodger, Auburn University, and 
Michelle Schultz, University of Nevada, Las Vegas. 

Invariants, Distributions, Differential Operators and Har
monic Analysis, Ronald L. tipsman, University of Maryland, 
College Park. 

Nonlinear PDEs-Methods and Applications, David Costa, 
University of Nevada, Las Vegas. 

Number Theory, Gennady Bachman, University of Nevada, 
Las Vegas, Richard A. Mollin, University of Calgary, and 
Peter J. Shiue, University of Nevada, Las Vegas. 

Numerical Analysis and Computational Mathematics, Jun 
Zhang, University of Kentucky, and Jennifer Zhao, Uni
versity of Michigan, Dearborn. 

Set Theory, Douglas Burke and Derrick DuBose, Univer
sity Nevada, Las Vegas. 

Symmetries of Knots and Three-manifolds, Swatee Naik, Uni
versity of Nevada, Reno, and jozef H. Przytycki, George 
Washington University. 

Buffalo, New York 
State University of New York at Buffalo 

April24-25, 1999 

Meeting #943 
Eastern Section 
Associate secretary: Lesley M. Sibner 
Announcement issue of Notices: February 1999 
Program first available on eMATH: March 17, 1999 
Program issue of electronic Notices: June 1999 
Issue of Abstracts: Volume 20, Issue 3 

Deadlines 
For organizers: Expired 
For consideration of contributed papers in Special Ses

sions: Expired 
For abstracts: Expired 

Invited Addresses 

Michele M. Audin, University of Louis Pasteur, Integrable 
systems and spaces of curves. 
Russel E. Caflisch, UCLA, Atomistic, continuum and bulk 
models for epitaxial growth. 

Jeffrey H. Smith, Purdue University, Symmetric spectra. 
Alexander Voronov, Michigan State University, Operad 
theory and some applications. 
Gregg J. Zuckerman, Yale University, Harmonic algebra. 

Special Sessions 

Combinatorics and Graph Theory, Harris Kwong, SUNY Col
lege at Fredonia. 
Complex Geometry, Terrence Napier, Lehigh University, and 
Mohan Ramachandran, SUNY at Buffalo. 
Integrable Systems, Michele Audin, Universite Louis Pas
teur et NCRS, and tisa Claire Jeffrey, University of Toronto. 
Knot and 3-Manifolds, Thang T.Q. Le, SUNY at Buffalo, 
William W. Menasco, SUNY at Buffalo, and Morwen B. 
Thistlethwaite, University of Tennessee. 
Mathematical Physics, Jonathan Dimock, SUNY at Buffalo. 
Operads, Algebras, and Their Applications, Alexander A. 
Voronov, Michigan State University. 
Representations of Lie Algebras, Duncan J. Melville, Saint 
Lawrence University. 
Smooth Categories in Geometry and Mechanics, F. William 
Lawvere, SUNY at Buffalo. 
Thin Films: Solid and Liquid, E. Bruce Pitman, SUNY at Buf
falo, and Brian Spencer, SUNY at Buffalo. 

Registration and Meeting Information 
N.B. This meeting will be held on the South Campus of the 
State University of New York at Buffalo. 

Registration will take place in Room 114, Diefendorf Hall 
(Math Department Lounge), from 7:30a.m. to 4:00p.m. on 
Saturday and from 8:00 a.m. to noon on Sunday. All ses
sions and talks will take place in Diefendorf Hall. 

Registration fees (payable on-site only) are $30/ AMS or 
CMS members; $45 nonmembers; $10 emeritus members, 
students, or unemployed mathematicians. Fees are payable 
by cash, check, VISA, MasterCard, Discover, or American 
Express. 

Denton, Texas 
University of North Texas 

May 19-22, 1999 

Meeting #944 
Fourth International ]oint Meeting of the AMS and the So
ciedad Matematica Mexicana (SMM). 
Associate secretary: Lesley M. Sibner 
Announcement issue of Notices: February 1999 
Program first available on eMATH: AprilS, 1999 
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Program issue of electronic Notices: July 1999 
Issue of Abstracts: Volume 20, Issue 3 

Deadlines 
For organizers: Expired 
For consideration of contributed papers in Special Ses

sions: Expired 
For abstracts: Expired 

Invited Addresses 

Raymundo Bautista, UNAM, Title to be announced. 

William Fulton, University of Michigan, Ann Arbor, Title to 
be announced. 

Francisco Gonzalez Acuna, UNAM, Title to be announced. 
Ronald L. Graham, AT&T Labs, Title to be announced (Erdos 
Memorial Lecture). 

Jack K. Hale, Georgia Institute of Technology, Title to be 
announced. 
Onesimo Hemandez-Lerma, CINVESTAV del lPN, Title to 
be announced. 

Special Sessions 

Algebraic Geometry and Commutative Algebra, Javier Eli
zondo, UNAM, Xavier Gomez-Mont, CIMAT, Alberto Corso, 
Michigan State University, and David A. Jorgensen, Uni
versity of Texas at Arlington. 

Algebraic Topology, Frederick R. Cohen and Samuel Gitler, 
University of Rochester, and Carlos Prieto, UNAM. 

Combinatorics and Combinatorial Geometry, Jorge Urru
tia, IMATE-UNAM and University of Ottawa, and Wlodz
imierz Kuperberg, Auburn University. 
Complex Analysis, E. Ramirez de Arellano, CINVESTAV, and 
John E. Fomaess, University of Michigan, Ann Arbor. 
Continuum Theory (in honor of the 60th birthday of Pro
fessor Sam B. Nadler ]r.), Wayne Lewis, Texas Tech Uni
versity, and Sergio Macias and Alejandro manes, UNAM. 

Differential Equations, Nonlinear Analysis, and Numerical 
Solutions to PDEs, John W. Neuberger, University of North 
Texas, and Alfredo C. Nicolas, UAM. 

Differential Geometry and Geodesics, Phillip E. Parker, Wi
chita State University, and Lilia Del Riego, Univ Auto de 
San Luis Potosi. 

Functional Analysis and Its Applications, S. Perez-Esteva, 
UNAM, and Josefina Alvarez, University of New Mexico. 

Geometric and Symbolic Dynamical Systems, Luca Q. Zam
boni, University of North Texas, and Edgardo Ugalde, Uni
versity of San Luis Potosi. 

Low Dimensional Topology, Mark W. Brittenham, Univer
sity of North Texas, Francisco Gonzalez Acuna, IM-UNAM, 
and Luis Valdez-Sanchez, University of Texas at El Paso. 
Noncommutative Geometry, Quantum Groups, and Appli
cations, Micho Durdevich, UNAM, and Hanna Ewa Makaruk 
and Robert M. Owczarek, Los Alamos National Laboratory. 
Nonlinear Models in Biology and Celestial Mechanics, Ernesto 
Perez-Chavela and Jorge X. Velasco-Hernandez, UAM, 

Meetings & Conferences 

Mary E. Parrott, University of South Florida, and Emesto 
A. Lacomba, UAM. 

Representation Theory of Algebras, jose A. de Ia Pena and 
Christof Geiss, UNAM, and Birge Zimmerman, University 
of California, Berkeley. 

Ring Theory, Carlos Signoret-Poillon, UNAM-UAM, Sergio 
Lopez-Permouth, Ohio University, and Ricardo Alfaro, 
University of Michigan-Flint. 
Smooth Dynamical Systems, David A. Delatte and Dan 
Mauldin, University of North Texas, jose Seade, UNAM, Mar
iusz Urbanski, University of North Texas, and Alberto 
Verjovsky, UNAM. 
Stochastic Processes, Frederi G. Viens, University of North 
Texas, jorge A. Leon, CINVESTAV, and Juan Ruiz de 
Chavez, UAM. 

Stochastic Systems and Control, Daniel Hernandez-Her
nandez and Onesimo Hemandez-Lerma, CINVESTAV, and 
Guillermo FerreYra, Louisiana State University. 

Registration and Meeting Information 
Registration will take place in the Lyceum Lobby in the Uni
versity Union on Wednesday, 3:00p.m. to 6:00p.m.; Thurs
day and Friday, 8:00 a.m. to 4:00 p.m.; and Saturday, 9:00 
a.m. to noon. Sessions will take place in the University 
Union and another facility to be determined. The regis
tration fee is $50, payable by cash, check, or credit card 
(VISA, MasterCard, Discover, or American Express). Regis
tration in advance is strongly encouraged! Many of the so
cial events may sell out through advance registration, so 
register early! The deadline for advance registration is 
April 12. See the paper form at the back of the February 
issue, or see the Web form at www. ams. org/amsmtgs/ 
205Lother. html. 

Melbourne, Australia 
Melbourne, Australia 

July 12-16, 1999 

Meeting #945 
First International ]oint Meeting of the American Mathe
matical Society and the Australian Mathematical Society 
Associate secretary: Susan ]. Friedlander 
Announcement issue of Notices: April1999 
Program first available on eMATH: N/ A 
Program issue of electronic Notices: N/ A 
Issue of Abstracts: N/ A 

Deadlines 
For organizers: Expired 
For consideration of contributed papers in Special Ses-

sions: April 2, 1999 
For abstracts: April 2, 1999 

Invited Addresses 

jennifer Chayes, Microsoft, Title to be announced. 
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Michael Eastwood, University of Adelaide, Title to be an
nounced. 

Roger Grimshaw, Monash University, Title to be announced. 

Gerhard Huisken, University of Tuebingen, Title to be an
nounced. 

Vaughan Jones, University of California, Berkeley, Title to 
be announced. 
Hyam Rubinstein, Melbourne University, Title to be an
nounced. 
Richard M. Schoen, Stanford University, Title to be an
nounced. 

Neil Trudinger, Australian National University, Title to be 
announced. 

Special Sessions 

Algebraic Groups and Related Topics (Code: AMS SS M1), 
Eric Friedlander, Northwestern University, and Gustav 
Lehrer, University of Sydney. 

Computability and Complexity (Code: AMS SS R1), Rod 
Downey, Victoria University. 

Differential Geometry and Partial Differential Equations 
(Code: AMS SS N1), Benjamin H. Andrews, Australian Na
tional University, Michael G. Eastwood, University of Ade
laide, Klaus Ecker, Monash University, and Gerhard 
Huisken, Princeton University and University of Tuebingen. 

Fluid Dynamics (Code: AMS SS Cl), Susan Friedlander, 
Northwestern University, and Roger H. J. Grimshaw, 
Monash University. 

General Relativity(Code: AMS SS Q1), Robert Bartnik, Uni
versity of Canberra, Gregory Galloway, University of Miami, 
and Anthony Lun, Monash University. 

Geometric Group Theory(Code: AMS SS K1), Swarup Gadde 
and Walter Neumann, University of Melbourne. 

Geometric Themes in Group Theory (Code: AMS SS A1), Gus
tav I. Lehrer, University of Sydney, Cheryl E. Praeger, Uni
versity of Western Australia, and Stephen D. Smith, Uni
versity of Illinois at Chicago. 

Group Actions (Code: AMS SS H1), Marston Conder, Gaven 
Martin, and Eamonn O'Brien, University of Auckland. 

Low Dimensional Topology (Code: AMS SS D1), William H. 
Jaco, Oklahoma State University, and Hyam Rubinstein, 
Melbourne University. 

Mathematical Physics: Many Body Systems (Code: AMS SS 
B1), Alan L. Carey, University of Adelaide, Paul A. Pearce, 
University of Melbourne, and Mary Beth Ruskai, Univer
sity of Massachusetts, Lowell. 

Mathematics Learning Centers (Code: AMS SS G1), Judith 
Baxter, University of Illinois, Chicago, Marian Kemp, Mur
doch University, Jackie Nicholas, University of Sidney, and 
Jeanne Wald, Michigan State University. 

Moduli Spaces of Riemann Surfaces, Mapping Class Groups 
and Invariants of 3-manifolds (Code: AMS SS Fl), Ezra Get
zler, Northwestern University, and Richard Hain, Duke 
University. 

Nonlinear Dynamics and Optimization (Code: AMS SS Ll), 
A. F. Ivanov, Penn State University and University of Bal
larat , A. Mees, University of Western Australia, and A. Ru
binov, University of Ballarat. 

Operations Research Methods and Applications (Code: AMS 
SS S1), Adi Ben-Israel, Rutgers University, and Moshe 
Sniedovich, University of Melbourne. 

Probability Theory and Its Applications (Code: AMS SS E1), 
Timothy Brown, University of Melbourne, Phil Pollett, Uni
versity of Queensland, and Ruth J. Williams, University of 
California, San Diego. 

Recent Trends in Operator Theory and Harmonic Analysis 
(Code: AMS SS ]1), Michael T. Lacey, Georgia Institute of 
Technology, and Alan G. R. Mcintosh, Macquarie Univer
sity. 

Solitons, Integrable Systems and Singular Limits (Code: AMS 
SS P1), Jared Bronski, University of Illinois, Urbana, Nalini 
Joshi, University of Adelaide, Peter Miller, Monash Uni
versity, and Colin Rogers, University of New South Wales. 

Salt Lake City, Utah 
University of Utah 

September 25-26, 1999 

Meeting #946 
Western Section 
Associate secretary: Bernard Russo 
Announcement issue of Notices: June 1999 
Program first available on eMATH: August 19, 1999 
Program issue of electronic Notices: December 1999 
Issue of Abstracts: Volume 20, Issue 4 

Deadlines 
For organizers: Expired 
For consideration of contributed papers in Special Ses-

sions: June 8, 1999 
For abstracts: August 3, 1999 

Invited Addresses 

Robert Burton, Oregon State University, Title to be an
nounced. 

Richard Wentworth, University of California, Irvine, Title 
to be announced. 

Madej Zworski, University of California, Berkeley, Title to 
be announced. 

Special Sessions 

Arithmetical Algebraic Geometry (Code: AMS SS B1), Min
hyong Kim, University of Arizona, and Wieslawa Niziol, 
University of Utah. 

Commutative Algebra (Code: AMS SS C1), Paul Roberts, Uni
versity of Utah, and Roger Wiegand, University of 
Nebraska. 
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Complex Variables and Operator Theory (Code: AMS SS 
A1), Siqi Fu, Far had Jafari, and Peter Polyakov, University 
of Wyoming. 

Providence, Rhode 
Island 
Providence College 

October 2-3, 1999 

Meeting #947 
Eastern Section 
Associate secretary: Lesley M. Sibner 
Announcement issue of Notices: August 1999 
Program first available on eMATH: August 25, 1999 
Program issue of electronic Notices: December 1999 
Issue of Abstracts: Volume 20, Issue 4 

Deadlines 
For organizers: Expired 
For consideration of contributed papers in Special Ses-

sions: June 16, 1999 
For abstracts: August 11, 1999 

Invited Addresses 

Dan M. Barbasch, Cornell University, Title to be announced. 

Henri Berestycki, Universite Paris VI and Ecole Normale 
Superieure, Title to be announced. 

David Mumford, Brown University, Title to be announced. 

Guoliang Yu, University of Colorado, Title to be announced. 

Special Sessions 

Algebraic Dynamics (Code: AMS SSG 1), Jonathan Lubin and 
Joseph H. Silverman, Brown University. 

Algebraic and Geometric Combinatorics (Code: AMS SS A1), 
Vesselin N. Gasharov, Cornell University, and Ira M. Ges
sel, Brandeis University. 

Difference Equations and Applications (Code: AMS SS E1), 
Gerasimos Ladas, University of Rhode Island, and Jeffrey 
T. Hoag, Providence College. 

Geometry and Representation Theory of Algebraic Groups 
(Code: AMS SS Cl), James E. Humphreys and Ivan Mirkovic, 
University of Massachusetts. 

Operator K-Theory and its Applications to Geometry and 
Topology (Code: AMS SS D1), Guoliang Yu, Carla E. Farsi, 
and JeffreyS. Fox, University of Colorado, Boulder. 

Representation Theory of Reductive Groups (Code: AMS SS 
B1), Dan M. Barbasch and Birgit Speh, Cornell University. 

The History of Mathematics (Code: AMS SS Fl), Daniel 
Otero, Xavier University, and C. Edward Sandifer, Western 
Connecticut State University. 

Meetings & Conferences 

Austin, Texas 
University of Texas-Austin 

OctoberS-10, 1999 

Meeting #948 
Central Section 
Associate secretary: Susan]. Friedlander 
Announcement issue of Notices: August 1999 
Program first available on eMATH: August 25, 1999 
Program issue of electronic Notices: December 1999 
Issue of Abstracts: Volume 20, Issue 4 

Deadlines 
For organizers: Expired 
For consideration of contributed papers in Special Ses-

sions: June 16, 1999 
For abstracts: August 11, 1999 

Invited Addresses 

Mikhail Kapranov, Northwestern University, Title to be 
announced. 

John Roe, Oxford and Pennsylvania State University, Title 
to be announced. 
Catherine Sulem, University of Toronto, Title to be an
nounced. 
Tatiana Toro, University of Washington, Title to be an
nounced. 

Special Sessions 

Aperiodic Tiling (Code: AMS SS D1), Charles Radin and 
Lorenzo Sadun, University of Texas, Austin. 
Banach and Operator Spaces: Isomorphic and Geometric 
Structure (Code: AMS SS E1), Edward Odell and Haskell P. 
Rosenthal, University of Texas, Austin. 
DNA Topology (Code: AMS SS ]1), Isabel K. Darcy, Univer
sity of Texas, Austin, and Makkuni Jayaram, University of 
Texas, Austin. 
Dehn Surgery and Kleinian Groups (Code: AMS SS Ll), John 
Luecke and Alan Reid, University of Texas, Austin. 
Dynamical Systems (Code: AMS SS S1), David Delatte, R. 
Daniel Mauldin, Mariusz Urbanski, and Luca Quardo Zam
boni, University of North Texas. 
Free Surface Interfaces and PDEs (Code: AMS SS K1), Kirk 
Lancaster, Wichita State University, and Thomas Vogel, 
Texas A&M University. 
Harmonic Analysis and PDEs (Code: AMS SS C1), William 
Beckner and Luis A. Caffarelli, University of Texas, Austin, 
Toti Daskalopoulos, University of California, Irvine, and 
Tatiana Toro, University of Washington. 
Interconnections Among Diophantine Geometry, Algebraic 
Geometry, and Value Distribution Theory (Code: AMS SS Q1), 
William Cherry, University of North Texas, Min Ru, Uni
versity of Houston, and Felipe Voloch, University of 
Texas, Austin. 
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Mathematical Problems in Transport Phenomena (Code: 
AMS SS M1), Jose Antonio Carrillo and Irene M. Gamba, 
University of Texas, Austin. 

Mathematical and Computational Finance (Code: AMS SS 
H1), Stathis Tompaidis, University of Texas, Austin. 

Nonlinear Dynamics (Code: AMS SS G 1), Robert J. McCann 
and Catherine Sulem, University of Toronto. 

Recent Developments in Index Theory (Code: AMS SS Fl), 
DanielS. Freed, University of Texas, Austin, and John Roe, 
Pennsylvania State University. 

The Development of Topology in the Americas (Code: AMS 
SS A1), Cameron Gordon, University of Texas, Austin, and 
loan Mackenzie James, University of Oxford. 

The Diverse Mathematical Legacy of]ean Leray (Code: AMS 
SS N1), Eric M. Friedlander, Northwestern University, and 
Susan J. Friedlander, University of Illinois, Chicago. 

Theoretical, Computational and Experimental Aspects of 
Mechanics (Code: AMS SS P1), Jerry Bona, Steven Levan
dosky, and Jiahong Wu, University of Texas, Austin. 

Topology of Continua (Code: AMS SS R1), Wayne Lewis and 
Carl Seaquist, Texas Tech University. 

Wavelets and Approximation Theory(Code: AMS SS B1), Don 
Hong, Eastern Tennessee State University, and Michael 
Prophet, Murray State University. 

Charlotte, North 
Carolina 
University of North Carolina, Charlotte 

October 1 5-17, 1999 

Meeting #949 
Southeastern Section 
Associate secretary: John L. Bryant 
Announcement issue of Notices: August 1999 
Program first available on eMATH: September 1, 1999 
Program issue of electronic Notices: December 1999 
Issue of Abstracts: Volume 20, Issue 4 

Deadlines 
For organizers: Expired 
For consideration of contributed papers in Special Ses-

sions: June 23, 1999 
For abstracts: August 18, 1999 

Invited Addresses 

Valery Alexeev, University of Georgia, Title to be an
nounced. 

Bela Bolio bas, University of Memphis and Cambridge Uni
versity, Title to be announced. 

Konstantin M. Mischaikow, Georgia Institute of Technol
ogy, Title to be announced. 

Yakov Sinai, Princeton University, Title to be announced. 

Special Sessions 

Algebraic Geometry (Code: AMS SS K1), Valery Aleexev, 
William Graham, Roy C. Smith, and Robert Varley, Uni
versity of Georgia. 

Commutative Algebra (Code: AMS SS B1), Sarah Glaz, Uni
versity of Connecticut, and Evan G. Houston and Thomas 
G. Lucas, University of North Carolina at Charlotte. 

Contemporary Methods in Dynamics and Differential Equa
tions (Code: AMS SS J1), Robert W. Ghrist and Konstantin 
M. Mischaikow, Georgia Institute of Technology. 

Gauge Theory and Low-Dimensional Topology (Code: AMS 
SS Ll), Eric P. Klassen, Florida State University, and Paul 
A. Kirk, Indiana University. 

Geometric Function Theory (Code: AMS SS H1), David A. Her
ron, University of Cincinnati, and Shanshuang Yang, Emory 
University. 

Knot Theory and Its Applications (Code: AMS SS A1), Yua
nan Diao, University of North Carolina at Charlotte. 

Operator Theory, including Applications in Operator Alge
bras and Wavelets (Code: AMS SS Fl), Alan L. Lambert and 
Xingde Dai, University of North Carolina at Charlotte. 

Optimal Control and Computational Optimization (Code: 
AMS SS D1), Mohammed A. Kazemi, University of North 
Carolina at Charlotte, and Gamal N. Elnagar, University of 
South Carolina Spartanburg. 

Set-Theoretic Topology (Code: AMS SSG 1), Ronald F. Levy. 

Spectral Theory of Differential Operators and Applications 
(Code: AMS SS C1), Boris R. Vainberg and Stanislav 
Molchanov, University of North Carolina at Charlotte. 

Stochastic PDEs and Turbulence (Code: AMS SS E1), Weinan 
E, Courant Institute, New York University. 

Washington, District 
of Columbia 
Marriott Wardman Park Hotel and Omni 
Shoreham Hotel 

january 19-22,2000 

Note: This is a World Math Year 2000 (l.VMY2000) event. 

Meeting #950 
]oint Mathematics Meetings, including the 1 06th Annual 
Meeting of the AMS, 83rd Meeting of the Mathematical As
sociation of America (MAA), with minisymposia and other 
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special events contributed by the Society for Industrial and 
Applied Mathematics (SIAM), and the annual meetings of 
the Association for Women in Mathematics (A V'VM) and the 
National Association of Mathematicians (NAM). 
Associate secretary: Bernard Russo 
Announcement issue of Notices: October 1999 
Program first available on eMATH: To be announced 
Program issue of electronic Notices: January 2000 
Issue of Abstracts: Volume 21, Issue 1 

Deadlines 
For organizers: April 20, 1999 
For consideration of contributed papers in Special Ses

sions: August 10, 1999 
For abstracts: October 5, 1999 
For summaries of papers to MAA organizers: To be an

nounced 

AMS Invited Addresses 

Arthur M. Jaffe, Harvard University, Title to be announced 
(AMS Retiring Presidential Address). 

Roger Penrose, Oxford University, Title to be announced 
(AMS Josiah Willard Gibbs Lecture). 

AMS Special Sessions 

The Feynman Integral and Applications (Code: AMS SS A1), 
MichelL. Lapidus, University of California, Riverside, and 
Gerald W. Johnson, University of Nebraska. 

Lowell, 
Massachusetts 
University of Massachusetts, Lowell 

April1-2, 2000 
Eastern Section 
Associate secretary: Lesley M. Sibner 
Announcement issue of Notices: To be announced 
Program first available on eMATH: To be announced 
Program issue of electronic Notices: To be announced 
Issue of Abstracts: To be announced 

Deadlines 
For organizers: July 1, 1999 
For consideration of contributed papers in Special Ses

sions: To be announced 
For abstracts: To be announced 

Invited Addresses 

Walter Craig, Brown University, Title to be announced. 

Erwin Lutwak, Polytechnic University, Title to be announced. 

Alexander Nabutovsky, Courant Institute of Mathemati
cal Sciences, NYU, Title to be announced. 

Mary Beth Ruskai, University of Massachusetts, Lowell, Title 
to be announced. 

Meetings & Conferences 

Special Sessions 

Invariance in Convex Geometry (Code: AMS SS A1), Daniel 
A. Klain, Georgia Institute of Technology, and Elisabeth 
Werner, Case Western Reserve University. 

Notre Dame, Indiana 
University of Notre Dame 

April 7- 9,2000 
Central Section 
Associate secretary: Susan]. Friedlander 
Announcement issue of Notices: To be announced 
Program first available on eMATH: To be announced 
Program issue of electronic Notices: To be announced 
Issue of Abstracts: To be announced 

Deadlines 
For organizers: July 7, 1999 
For consideration of contributed papers in Special Ses

sions: To be announced 
For abstracts: To be announced 

Lafayette, Louisiana 
University of Southwestern Louisiana 

April14-16, 2000 
Southeastern Section 
Associate secretary: John L. Bryant 
Announcement issue of Notices: To be announced 
Program first available on eMATH: To be announced 
Program issue of electronic Notices: To be announced 
Issue of Abstracts: To be announced 

Deadlines 
For organizers: July 14, 1999 
For consideration of contributed papers in Special Ses

sions: To be announced 
For abstracts: To be announced 

Odense, Denmark 
Odense University 

June 13-16,2000 
First AMS-Scandinaivan International Mathematics Meeting. 
Sponsored by the AMS, Dansk Matematisk Forening, Suomen 
matemaattinen yhdistys, Icelandic Mathematical Society, 
Norsk Matematisk Forening, and Svenska matematiker
samfundet. 
Associate secretary: Robert M. Fossum 
Announcement issue of Notices: To be announced 
Program first available on eMATH: N/A 
Program issue of electronic Notices: N/ A 
Issue of Abstracts: N/ A 
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Deadlines 
For organizers: To be announced 
For consideration of contributed papers in Special Ses

sions: To be announced 
For abstracts: To be announced 

Los Angeles, 
California 
University of California-Los Angeles 

August 7-12, 2000 
Note: This is a World Math Year 2000 (WM¥2000) event. 
Associate secretary: Robert M. Fossum 
Announcement issue of Notices: To be announced 
Program first available on eMATH: To be announced 
Program issue of electronic Notices: To be announced 
Issue of Abstracts: To be announced 

Deadlines 
For organizers: To be announced 
For consideration of contributed papers in Special Ses

sions: To be announced 
For abstracts: To be announced 

See "AMS Meeting in August 2000", Notices March 1999, 
p. 355. 

Toronto, Ontario 
Canada 
University of Toronto 

September 22-24,2000 
Central Section 
Associate secretary: Susan J. Friedlander 
Announcement issue of Notices: To be announced 
Program first available on eMATH: To be announced 
Program issue of electronic Notices: To be announced 
Issue of Abstracts: To be announced 

Deadlines 
For organizers: To be announced 
For consideration of contributed papers in Special Ses

sions: To be announced 
For abstracts: To be announced 

New York, New York 
Columbia University 

November 3-5, 2000 
Eastern Section 
Associate secretary: Lesley M. Sibner 
Announcement issue of Notices: To be announced 
Program first available on eMATH: To be announced 
Program issue of electronic Notices: To be announced 
Issue of Abstracts: To be announced 

Deadlines 
For organizers: February 3, 2000 
For consideration of contributed papers in Special Ses

sions: To be announced 
For abstracts: To be announced 

Invited Addresses 

Paula Cohen, Universite des Sciences et Technologies de 
Lille, France, Title to be announced. 

Birmingham, 
Alabama 
University of Alabama-Birmingham 

November 10-12,2000 
Southeastern Section 
Associate secretary: John L. Bryant 
Announcement issue of Notices: To be announced 
Program first available on eMATH: To be announced 
Program issue of electronic Notices: To be announced 
Issue of Abstracts: To be announced 

Deadlines 
For organizers: February 10, 2000 
For consideration of contributed papers in Special Ses

sions: To be announced 
For abstracts: To be announced 

New Orleans, 
Louisiana 
New Orleans Marriott and ITT Sheraton New 
Orleans Hotel 

January 10-13,2001 
]oint Mathematics Meetings, including the 107th Annual 
Meeting of the AMS, 84th Meeting of the Mathematical As
sociation of America (MAA), annual meetings of the Asso
ciation for Women in Mathematics (A WM) and the National 
Association of Mathematicians (NAM). 
Associate secretary: Lesley M. Sibner 
Announcement issue of Notices: To be announced 
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Program first available on eMATH: To be announced 
Program issue of electronic Notices: To be announced 
Issue of Abstracts: To be announced 

Deadlines 
For organizers: Aprilll, 2000 
For consideration of contributed papers in Special Ses

sions: To be announced 
For abstracts: To be announced 
For summaries of papers to MAA organizers: To be an

nounced 

Columbia, South 
Carolina 
University of South Carolina 

March 16-18, 2001 
Southeastern Section 
Associate secretary: John L. Bryant 
Announcement issue of Notices: To be announced 
Program first available on eMATH: To be announced 
Program issue of electronic Notices: To be announced 
Issue of Abstracts: To be announced 

Deadlines 
For organizers: June 15, 2000 
For consideration of contributed papers in Special Ses

sions: To be announced 
For abstracts: To be announced 

Lawrence, Kansas 
University of Kansas 

March 30-31 , 2001 
Central Section 
Associate secretary: Susan]. Friedlander 
Announcement issue of Notices: To be announced 
Program first available on eMATH: To be announced 
Program issue of electronic Notices: To be announced 
Issue of Abstracts: To be announced 

Deadlines 
For organizers: June 28, 2000 
For consideration of contributed papers in Special Ses

sions: To be announced 
For abstracts: To be announced 

Hoboken, New Jersey 
Stevens Institute of Technology 

April28-29, 2001 
Eastern Section 
Associate secretary: Lesley M. Sibner 

Meetings & Conferences 

Announcement issue of Notices: To be announced 
Program first available on eMATH: To be announced 
Program issue of electronic Notices: To be announced 
Issue of Abstracts: To be announced 

Deadlines 
For organizers: July 28, 2000 
For consideration of contributed papers in Special Ses

sions: To be announced 
For abstracts: To be announced 

Williamstown, 
Massachusetts 
Williams College 

October 1 3-14, 2001 
Eastern Section 
Associate secretary: Lesley M. Sibner 
Announcement issue of Notices: To be announced 
Program first available on eMATH: To be announced 
Program issue of electronic Notices: To be announced 
Issue of Abstracts: To be announced 

Deadlines 
For organizers: January 11, 2001 
For consideration of contributed papers in Special Ses

sions: To be announced 
For abstracts: To be announced 

San Diego, California 
San Diego Convention Center 

January 6-9, 2002 
]oint Mathematics Meetings, including the 1 OBth Annual 
Meeting of the AMS and 85th Meeting of the Mathematical 
Association of America (MAA). 
Associate secretary: John L. Bryant 
Announcement issue of Notices: To be announced 
Program first available on eMATH: To be announced 
Program issue of electronic Notices: To be announced 
Issue of Abstracts: To be announced 

Deadlines 
For organizers: April 4, 2001 
For consideration of contributed papers in Special Ses

sions: To be announced 
For abstracts: To be annm.,mced 
For summaries of papers to MAA organizers: To be an

nounced 
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Meetings and Conferences of the AMS 

Associate Secretaries ofthe AMS 
Western Section: Bernard Russo, Department of Mathe

matics, University of California, Irvine, CA 92697; e-mail: 
brusso@math.uci.edu; telephone: 949-824-5505. 

Central Section: Susan J. Friedlander, Department of Math
ematics, University of Illinois at Chicago, 851 S. Morgan (M/C 249), 
Chicago, IL 60607-7045; e-mail: susan@math. nwu. edu; telephone: 
312-996-3041. 

The Meetings and Conferences section of the Notices gives 
information on all AMS meetings and conferences approved 
by press time for this issue. Please refer to the page numbers 
cited in the table of contents on this page for more detailed 
information on each event. Invited Speakers and Special Ses
sions are listed as soon as they are approved by the cognizant 
program committee; the codes listed are needed for electronic 
abstract submission. For some meetings the list may be in
complete. Information in this issue may be dated. Up-to
date meeting and conference information is available on the 
World Wide Web at www.ams.org/meetings/. 

Meetings: 

1999 
March 12-13 Gainesville, Florida p.615 
March 18-21 Urbana, Illinois p.615 
April10-ll Las Vegas, Nevada p.615 
April24-25 Buffalo, New York p.616 
May 19-22 Denton, Texas p.616 
July 12-16 Melbourne, Australia p.617 
September 25-26 Salt Lake City, Utah p.618 
October 2-3 Providence, Rhode Island p.619 
October 8-10 Austin, Texas p.619 
October 15-17 Charlotte, North Carolina p.620 

2000 
January 19-22 Washington, DC p.620 

Annual Meeting 
April1 -2 Lowell, Massachusetts p.621 
April 7-9 Notre Dame, Indiana p.621 
April14-16 Lafayette, Louisiana p.621 
June 13-16 Odense, Denmark p.621 
August 7-12 Los Angeles, California p.622 
September 22-24 Toronto, Ontario, Canada p.622 
November 3-5 New York, New York p.622 

Eastern Section: Lesley M. Sibner, Department of Mathe
matics, Polytechnic University, Brooklyn, NY 11201-2990; 
e-mail: lsi bner@magnus. poly. edu; telephone: 718-260-3505. 

Southeastern Section: John L. Bryant, Department of Math
ematics, Florida State University, Tallahassee, FL 32306-4510; e
mail: b ryant@math. fsu. edu; telephone: 850-644-5805. 

November 10-12 Birmingham, Alabama p.622 
2001 
January 10-13 New Orleans, Louisiana p.622 

Annual Meeting 
March 16-18 Columbia, South Carolina p.623 
March 30-31 Lawrence, Kansas p.623 
April28-29 Hoboken, New Jersey p.623 
October 13-14 Williamstown, MA p.623 
2002 
January 6-9 San Diego, California p.623 

Annual Meeting 

Important Information Regarding AMS Meetings 
Potential organizers, speakers, and hosts should refer to page 
106 in the January 1999 issue of the Notices for general in
formation regarding participation in AMS meetings and con
ferences. 

Abstracts 
Several options are available for speakers submitting ab
stracts, including an easy-to-use interactive Web form. No 
knowledge of LaTeX is necessary to submit an electronic form, 
although those who use LaTeX or AMS-LaTeX may submit ab
stracts with such coding. To see descriptions of the forms avail
able, visit http: I /www. ams. org/abstracts/ 
instructions. html or send mail to abs-submi t@ams. org, 
typing help as the subject line, and descriptions and in
structions on how to get the template of your choice will be 
e-mailed to you. 

Completed abstracts should be sent to abs-submi t@ 
ams. org, typing submission as the subject line. Questions 
about abstracts may be sent to abs-i nfo@ams. org. 

Paper abstract forms may be sent to Meetings & Conferences 
Department, AMS, P.O. Box 6887, Providence, RI 02940. Note 
that all abstract deadlines are strictly enforced. Close atten
tion should be paid to specified deadlines in this issue. Un
fortunately, late abstracts cannot be accommodated. 

Conferences: (See http: I /www . ams. org/meeti ngs/ for the most up-to-date information on these conferences.) 
1999: 
June 13-July 1: Joint Summer Research Conferences in the Mathematical Sciences, Boulder, CO. See pp. 143 5-1441 (November 1998) 
for details. 
July 26-:-August 13: Summer Research Institute on Smooth Ergodic Theory and Applications, Seattle, WA. See pp. 1442-1443 (No
vember 1998) for details. 
August 16-2 7: 1999 Von Neumann Conference, Symposium on Arithmetic Fundamental Groups and Noncommutative Algebra, Berke
ley, CA. See pp. 405-406 (March 1999) for details. 
Cosponsored Conference: 
July 18-28, 1999: Foundations of Computational Mathematics (FoCM), University of Oxford, England. See http://www-seem. 
stanford. edu / FoCM/ for details. 
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Modelling 
Financial 
Derivatives with 
Mathematica® 
William Shaw 

In rhis book, William Shaw 

explains when models and 

numerical schemes can be 
relied on, and when rhey 

can'r. The book uses Mathe

matica's graphical and anima

rion capabiliries ro show how 
a model 's characrerisrics can 

be visualized in rwo an d rhree 

dimensions. The models 

described are all avai lable on an accompanying CD-ROM. 

1999 548 pp. 0-521-59233-X Hardback $150.00 

Geometry 
David A. Brannan, Matthew F. Esplen, and 
Jeremy J. Gray 

T his is a rexrbook rhar demonsrrares rhe exciremenr and beaury 

of geo merry. The aurhors explo re various geomerries: affi ne, 

projecrive, inversive, non-Euclidean and spherical. In each case 

rhey carefully explain key resulrs and discuss rhe relarionship 

among geomerries. Includes full solurions ro over 200 problems. 
1999 c.480 pp. 0-521-59193-7 Hardback about $69.95 

0-521-59787-0 Paperback $24.95 

Finite Fields 
Second Edition 
Rudolf Lid/ and Harald Niederreiter 

"The authors have done a masterfUl job in first digesting an 

enormous amount of material and then organizing it in an 

efficient way to make for a clear and readable treatise ... the 

standard reference on finite fields. " 

- Bulletin of the American Mathematical Society 
Encyclopedia of Mathematics and its Applications 20 

1997 769 pp. 0-521 -39231 -4 Hardback 

Complexity and Information 
J. F. Traub and A. G. Werschulz 

$110.00 

T his informal, morivarional book srarrs by inrroducing 

informarion-based complexiry. Ir rhen moves ro a variery of ropics, 

including breaking rhe curse of dimensionaliry, complexiry of 

parh inregrarion, solvabi liry of ill-posed problems, value of 
informarion in compurarion, ass igning values ro marhemarical 

hyporheses, and marhemarical finance. 
Lezioni Lincee Lectures 

1999 152 pp. 0-521-48005-1 
0-521-48506-1 

Hardback 
Paperback 

$54.95 
$19.95 

Mathematical Explorations with 
MAT LAB 
Ke Chen, Peter J. Giblin, and Alan Irving 

This volume examines rhe marhemarics mosr frequenrly en
counrered in firsr-year universiry courses. A key fearure of rhe 

book is irs use ofMATLAB, a popular and powerful sofrware 

package. Each lesson is app lied ro a rich variery of invesriga

rions and modeling problems, from sequences of real numbers 

ro cafereria queues, from card shuffling ro models of fish growrh. 

1999 c.320 pp . 0-521-63078-9 Hardback $64.95 
0-521 -63920-4 Paperback $24.95 

A Practical Guide to Pseudospectral 
Methods 
Bengt Fornberg 

" ... serves as an essential addition to the small library of books and 

monographs on spectral and PS methods. In particular it provides 

a unique perspective on PS methods, which equips the reader with 

an additional .framework for developing a greater understanding 

of the subject and the means to quickly get hands dirty with some 
numerical programming using PS methods. " 

-Mathematical Reviews 
Cambridge Monographs on Applied and Computational Mathematics 1 

1998 243 pp. 0-521-64564-6 Paperback $29.95 

Automorphic Forms on SL2(R) 
Armand Borel 

" .. .!would recommend [this book} to graduate students or anyone 

else who wants to get into the subject. There is a great deal of 

foundational material here. Any effort put into reading it and 
working exercises will be rewarded with a good understanding 

of the basics. " 

-Bulletin of the American Mathematical Society 
Cambridge Tracts ill Mathematics 130 

1997 202 pp. 0-521-58049-8 Ha rdback $47 .95 

Contemporary Issues in Mathematics 
Education 
Proceedings of a Conference at MSRI, December, 1996 
Estela A . Gavosto, Steven G. Krantz, and 
William McCallum, Editors 

During rhe pasr decade, marhemarics educarion has changed 

rapidly, giving rise ro a polarizarion of opinions among rhe com

muniry of research marhemaricians. This volume, rhe proceed
ings of a conference held ar rhe Marhemarical Sciences Research 
Insrirure in Berkeley in 1996, prcsenrs a serious discussion of 

rhese educarional issues, wirh a balanced represenrarion of 

opposing ideas. 
Mathematical Sciellces Research Institute Publicatiolls 36 

1999 c.200 pp. 0-521 -65255-3 
0-521-65471-8 

Hardback 
Paperback 

about $59.95 
$19 .95 

CAMBRIDGE 40 West 20th Street, New York, NY 10011-4211 
Available in . 

bookstores or from Call toll-free 800-872-7423. Web Site: http://www.cup.org 
UNIVERSITY PRESS MasterCardNISA accepted. Prices subject to change. 
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