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Fields Institule Comes to
UofT

]:[n May, 1993 a high prefile inter-
national selection committee
unanimously recommended that
the permanent home for the Fields
Institute for Research in Mathe-
matical Science be located at the
University of Toronto. The world
class guality ol the Mathematics
Department and the commitment
by the senior administration to
developing mathematical sciences
were cited among the major reasons
for the decision.

The Fields Institute was estab-
lished in 1991 with the mandaie to
promote leading edge research in
mathematical science, to increase
opportunities for graduate and post-
doctoral training in Ontario and
Canada and 1o [pster interactions
between universitv-based research
and users ol mathemaitics in the pri-
vate sector. It is funded by the
Frovinee of Ontario and by NSERC,
and is currently located ata temporary
site at the University of Warerloo,

The Fields Institute under construction, May 1995

To heuse the [nstitute the Uni-
versity is constructing a new huilding,
located on College between Si.
George and Huron with the Kolller
Centre (old Metro Library) on one
side and Architeciure on the other,
Construction should be completed
by October 1995,

The arrival of the Instie will
provide a major opportunity for the
Department and the University,
hecause it will attract a steady stream
of strong international mathematical
scientists in a wide variety of fields,
This will provide a major respurce not
only for our Eaculty, but for our grad-
uate students and poswdoctoral fellows
as well, The mandate of the Instinte s
the broad spectrum of mathematical
science, and so its presence at the Uni-
versity will help us focus our efforts to
develop a sense of intellectual com-
munity among the mathematical sci-
entists in the many departments where
mathematics is imporant.
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The Chair

metld like to begin by thanking
those of you who have written to
us. Your interest and support are
important, and our alumni column
will now be a regular feature of this
newsletter, You will be interested and
proud to know that denations o the
Department reached an all time high
in 1993-95, coming from graduates
and [aculty alike. In particular it is a




greal plu:tsm'e to announce the . R.G.
Smvth Scholarship in mathematics,
and a new endowment establishing
the Malcolm Slingsby Robertson Fel-
lowships for graduate students in
mathematics.

This is an eventful time for
mathematics and lor universities, and
a particularly eventful time for
mathematics at U, of T. A Provostial
Review has recommended that the
University plan to develop into one of
the major international centres for
mathematical science, and the Math-
ematics Department is playing an
important role in the Task Force
charged with this responsibility. A
new building to house the Fields
Institute for Research in Mathemat-
ical Seiences is nearing completion on
College Street between 5t. George
and Huron, and the fifveth anniver-
sary meeting of the Canadian Math-
ematical Society has just taken place
on our campus, followed by two
international conferences, one in Spe-
cial Functions, q-5eries, and Related
Topics and the other in Partial Dif-
Jerential Equations and Their Appli-
cations. Both were organized by
members of the Department.

The Department has been
extremely fortunate in appointing
voung tenure stream faculty of the
highest calibre. With the arrival of
the Fields Institute and the positive
atmosphere towards mathematical
science in the University, we expect
1o be able W continue o aract young

I Grossman

mathematicians at the wp ol their
tields. Our plan to play a significant
role in developing mathematical sci-
ence also includes closer co-operation
with other departments, revision of
our s-‘.pecla]isl program and recruiting
top undergraduate and praduate stu-
dents. In addition we are actively par-
ticipating in a program with McGill,
UBC and three leading Chinese uni-
versities. Altogether, mathematics at
1. of T. will be even more exciting for
bath students and faculty.

Our undergraduate and graduate
programs continue to flourish, and
in the Putnam competition our 1992-
93 team ranked second and our 1993-
24 and 1994-035 teams came in the op
ten, with one membher |.B Grossman,
amaong the top five individuals, The
Department has important teaching
responsibilities for students [rom
other areas. In 1992-93, in co-opera-
tion with Botany and Zoology, Joe
Repka pioneered an extraordinarily
successiul course: Biology, Models
and Mathematics, for first vear biol-
ogy students. In 1993-94, in co-oper-
ation with the Faculty of Education,
Ed Barbeau introduced an exciting
new course for future elementary
school teachers: Concepls in Elemen-
Lary Mathemalics. 1t is also a real plea-
sure to report that a number of
calleagues were identified by the first
year Engineering class as among their
top instructors overall. |

The past two years have seen a
number of milesiones: John Bland,
Mark Spivakovsky and Catherine
Sulem were promoted to the rank of
Full Professor, and Fiona Murnaghan
and Luis Seco were promoted to
Associate Professor with tenure.
Kumar Murty won a Steacie Fellow-
ship, Kunic Murasugi received the
Fall Prize of the Japanese Mathe-
martical Socicty, George Elliott and
John Friedlander were invited to
speak at the International Congress
(August, 1994), George Dull and
Donald Coxeter were awarded hon-
ourary degrees (respectively from
Dalhousie and York) and Jim Arthur

was the Weyl Lecturer at the Institute
for Advanced Study in Princeton.
Our second and third Blyth lecture
series were a considerable success,
with Charles Fefferman (Fields
medallist, Princeton) lecturing on
Mathematical Problems from the Ele-
mentary Quantum Mechanics of Atoms
and Efim Zelmanov (Fields Medallist,
Chicagoe) lecturing on The Burnside
Problem and Profinite Groups.

(On a sadder note, | regret 1o
report the passing of Dan DeLury
alier a long illness: Dan will be sorely
missed by all of us who knew him. In
his honour the Department has estab-
lished the Daniel B. DeLury Teaching
Award for Graduate Students in
Mathematics. It is also with sadness
that I report the passing of Professor
John Lighton Synge in Blackrock,
County Dublin, Ireland, at the age
of 98. Synge was a Professor of
Applied Mathematics in this Depart-
ment for many vears, and played a
significant role in its development.
His contribution is honoured by the
Synge Prize of the Royal Society of
Canada [or research in mathematics.
{(The first two winners of the Synge
Prize were Jim Arthur and Michael
Sigal of this Department.)

This is the [inal year of my [irst
term as Chair, John Bland will serve
as Acting Chair next year, after which
[ recurn for an additional three years.
I would like to take this opporiunity
o thank all the administrative and
academic members of the Depart-
ment for the way they have worked
together to build the Department. 1
have also enjoyed meeting and talk-
ing with many of you, our alumni,
and T hope you will continue 1o feel
[ree to come back and visit.

— Steve Halperin
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D aniel Bertrand DeLury was homn 19 September, 1907
¢ ar Walker, Minnesota, His fumnily was [rom Otawa, and
after primary schooling in Minnesota he went to Ortawa
for secondary education, living with an uncle. He enrolled

However, he returned to Canada in 1947 10 become the
Head of the Division of Statistics of the Ontario Research
Foundation, which post he occupied until 1958, During this
time and later he was [requently consulted by both indus-
try and government on statistical matters; for example, he
became a member of the Fisheries Research Board of
Canada, and no doubt gave them excellent statistical advice.

In 1938 he retwrned 10 University of Toronto as Profes-
sor of Mathematics and Chairman of the Department of
Mathematics, serving as Chairman until 1968, Dunng this

i the Mathematics, Physics and Chem-
istry program at University of Toronto
in 1925, where another uncle, AT
DeLury, was chairman of the Mmathe-
matics Deparument, graduating in math-
ematics, with first class honors, in 1929
and earning his M.A. in 1930,

Alter that he moved lor a period o
University of Saskatchewan, as an instruc-
wor in Mathematics, and where the lady
who would, in 1941, become his wife
was a student i one of his classes. In
1934 he returned to Toronto [or lurther
graduate study obtaining his Ph.D. in
1936. His thesis was on Number Theory ;
under the direction of Prol. W.J. Webber, It is noteworthy
that another thesis some thirty vears later in the Department
was on a generalization of DeLury’s thesis work. After a post-
doctoral year at Columbia University, he was appointed a
lecturer in the Department of Mathematics. Perhaps due to
his long interest in hiology during this period his interests
changed 1o the area of Mathematical Statistics and he made
himsell an expert in this. He had risen 1o the rank of Assis-
tant Professor when in 1945 he moved to Virginia Poly-
technic Institute as an Associate Professor, being promoted
to Professor four months later,

period he presided over an unprecedented
expansion of the Department, while care-
fully maintaining its quality, while still
maintaining his consulting work with gov-
ernment and industry, and while teach-
ing. The last named should be stressed,
for Dan Delury was an immensely suc-
cessful and popular lecturer, his introduc-
tory course in Prohahility Theory being
famous throughout the university.
Professor Delury retired as Chairman
in 1968, and from the University in 1973,
but continued to lecture part-time until
1977. He died after a long illness Octo-
ber 21, 1993,

Professor DeLury, Dan to all his friends, was noted lor
his generosity, both to staff and to students, his abilities as
an expositor and as an administrator, and his gentle, fronic
and sell-deprecatory wit. He was also a noted statistician,
being honoured a few vears ago by the Canadian Statisti-
cal Society as one of the founders of statistics in Canada,
and being the author of some twenty papers in research
journals and the supervisor of three Ph.I2. studems. He was
a great servant of the university and the mathematical
and statistical communiry.
= Tim Rooney

The Malcolm Shmg] Sﬂ?}' Robertson F@M@wgﬂﬁpg
and The Malcolm Sﬂﬁmg]@]l:by Robertson Prize

}\[[ alcolm Slingsby Robertsom is a
1 distinguished research mathe-
matician in the [ield of complex
analysis, who completed his B.A.
{1.1; i.e. first with [irst class hon-
ours) and M.A. at Toronto in 1929
and 1930, and his Ph.DD, at Princeton
in 1934, After post-doctoral research
and teaching positions al Chicago
and Yale he was appointed to Rurgers

University in 1937, h:aving as Pro-
fessor Emeritus in 1966 1o hecome
the first UNIDEL Professor of Math-
ematics at the University of Dela-
ware, He now lives with his wile in
Kingston.

In his honour, and in recogni-
tion of his enduring commiument to
research and teaching in Mathemat-
ics, the family of Prolessor Robertson

has established an open endowment
in the Department of Mathematics,
University of Toronto to support The
Malcolm Slingshy Robertson Fel-
lowships [or graduate studenis, and
The Malcolm Slingshy Robertson
Prize in Mathematics, to be awarded
annually w a graduating Ph.D. siu-
dent for demaonstrated excellence in
research.
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_&‘ [ hen December approaches, most
T undergraduates are gewing reacy
for final exams, However, it is also
that time ol the vear when many math
students prepare for the “Pumam.”

I'he William Lowell Putnam
Mathematical Competition is an
annual mathematical competition
open to all undergraduates in col-
leges and universities in the United
states and Canada, The Putnam is
written on the first Saturday of
December. It consists of two three-
hour sessions. each involving six

challenging problems. In 1994, 2314
contestants from 409 instilutions par-
ticipated in the competition.

Al the University of Toronto
alone, thiny-nine students partici-
pated in last years Putnam. The com-
petition not only provides our students
an opportunity to work on interesting
problems, but also helps them get 1o
know each other and discuss their
interests in mathematics, over pizza
and pop provided by the Deparument.

The standing of a participating
university depends on the perfor-

mance of a designated three mem-
ber team. Since 1991, the University
ol Toronto has consistently ranked
among the top ten universities in
MNorth America. 1994 was no excep-
tion, as the team of J.P Grossman
{Third Year), Naoki Sato {(Sccond
Year), and Edward Leung (First Year)
placed seventh. For the second year
in a row, J.P was named a Putnam
Fellow for ranking among the top
five individuals in North America!
Congratulations to all members of
the team!

|D®m:ﬂ|][ﬂ Coxeler Wins
Joinl CRM/ Felds Prize

he first Joint Centre de Recherches Mathématiques/
I Fields Institute Prize has been awarded to Prolessor
H.5.M. (Donald) Coxeter ol our Department. Prol. Cox-
eter was honoured for a long and remarkable record of
accomplishment,

From a citation in the Notices of the Amevican Math. Soci-
ety: Although he has drawn inspiration from elementary
geometry and the symmetries of Platonic solids, Prol. Cox-
eter’s work has permeated modern mathematics. He has
worked in a range of arcas, [rom groups acting on n-space and
sphere packings in n-dimensions, to the structure and clas-
sification of Lie groups, to noneuclidean geometry. In addi-
tion to mathematicians, many others — including artists,
architects, chemists, philosophers, and physicists — know of
Coxeter and have heen directly influenced by his writing
and his unlailing sense of beauty in mathematics, His book
Regular Polytapes has been a classic since the time it was writ-
ten and has been and continues to be widely read. The recent
advances in buckyballs, fullerenes and quasicrystals have
reemphasized that the regular and semiregular polytopes
continue to play important rales in science and mathematics.

As part of the celebration of his Joint CRM/Fields
Institute Prize, Prol. Coxeter will present lectures at the
Ficlds Institute and the Centre de Recherches Mathéma-
tiques during the fall of 1993,

Kumar Murty Wins
Sleache IF@N@%MP

]I11 1995 scientists at the University of Toronio won
three of the four E.W.R. 5Steacie Memorial Fellowships,
awarded each year by the Natural Sciences and Engineer-
ing Research Council of Canada. The winners included
Prof. Kumar Murty of our Department, cited by NSERC
as “a brilliang | '
young mathe- '
malician who is
making a major
contribution to
number theory
and arithmetic
geuml:tr}’, ad CEen=
tral, but very dil-
ficult field of
modern mathe-
matics. His worle
explores how
numbher rela-
tionships (such |
as those found, gbsl -
for example, in EEGESEREE ST LT
many integer equations and in the distribution of prime
and non-prime numbers) are intimately tied 1o deep prob-
lems in geometry.”
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wo members of our Department

— Profs. George Elliott and John
Friedlander — were honoured hy
invitations Lo address the Interna-
tional Congress in Zurich. The con-
gress meets in a different city every
four years, bringing together mathe-
maticians of all disciplines 1o hear
the most exciting recent develop-
ments and problems in mathemat-
ics. George Elliott (who holds
positions at Toronto and the Univer-
sity of Copenhagen) spoke in the
Section on Operator Algebras and
Functional Analysis. and John Fried-
lander in the Section on Number
Theory. We are very pleased that they
have summarized their addresses for
our Newsletter.

The Class
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by George A. Elliou

I, '.]11 Hon
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]]:w:r since von Neumann showed
that Heisenbergs matrix mechan-
ics and Schrodinger’s wave mechan-
ics were equivalent formulations of
the same thing (what is now called
gquantum mechanics) by constructing
an isomorphism between the math-
ematical systems underlying these
two epoch-making theories, the
notion of isomorphism of mathe-
matical systems has been considered
of central importance, both in physics
and in mathematics.

In physics, the passage from a
finite to an infinite number of degrees
of freedom led to a breakdown of von
MNeumann’s uniqueness theorem. This
culminated in the mathematical theory
of so-called amenable von Neumann
algebras, a complete enumeration of
which, up to isomorphism, was given

by Connes (with important contribu-
tions made by others). This enumera-
tion, or classification, was in terms ol
a natural parametrization by a much
simpler object — not a real number,
but an action of the real numbers ona
MECASUNe Space.

Another recent achievement (also
based on the work of a number of
people) has been the enumeration, up
to isomorphism, of finite simple
groups. Interestingly enough, these
results, both of fundamental impor-
tance for mathematical reasons alone,
have been closely intertwined with
the physics of infinitely many degrees
of freedom — in technical terms,
quantum field theory. What is even

that there is also a natural notion of
amenability tor C*-algebras, closely
related to that for von Neumann alge-
bras. Roughly speaking, the amenable
algebras, in either class, are just the
ones that arise naturally.

In spite of the complete success
of the work on von Neumann alge-
hras, it was not at all clear that any-
thing like it might be possible for
C*-algebras.

Early work on a very special case
(due to Glimm, Dixmier, Braveli, and
me) had resulted in a classification,
but in a setting so special a8 1o be con-
sidered not typical at all.

Alter fifteen vears, it finally
became clear that there were too many

more striking, all
three of these sub-
jects have been
intertwined (figu-
ratively!) with the
theory of ordinary
knots, by work of
Vaughan Jones.

I have been
interested in a
question which is
closely related to
the classification of
amenable von Neu-
mann algebras. Von
Meurnann algebras
are self-adjoint
algebras of opera-
tors on a Hilbert space which are
closed in the so-called strong opera-
tor topology. It is also of interest to
consider algebras which are closed
in a much stronger wpology, the oper-
ator norm topology. These are called
C*-algebras. While, a priori, thisis a
larger class, it is natural w0 impose a
separahility restriction (ditferent in
the two cases), and then the only
algebras belonging to both classes are
the finite-dimensional ones,

It has been known for some time

Prof, George

s hines. All that one
| had todo, it turned
out, to generalize
the earlier result,
was to work harder.
For live years, |
have been doing
this. Other people
have been doing
this, too. Soon, the
problem may be
solved completely
— perhaps at a
single siroke.
The answer —
what the parame-
ters, or invariants,
should he — was
already there. In the special case of so-
called approximately finite-dimen-
sional C*-algebras, solved twenty
vears ago, | had appropriated the wol
of K-theory from algebraic topology.
{This may perhaps be compared with
the use of ergodic theory to parame-
trize amenable von Neumann alge-
bras.) A similar use of K-theory has
now led to the enumeration, up to
isomorphism, a rather large class
of amenable C*-algebras, (Again, the
resulis are due to a number of

Ellio




people.) The invariants now known,
simple though they are, may well
form a complete seL.

The theory of amenable C*-alge-
bras, like that of amenahle von Neu-
mann algebras, appears o be related w
physics. In particular, the topological
nature of the invariants has heen asso-
ciated with the discreteness of quantum
numbers. An interesting case of this is
the quantum Hall effect, in which a cer-
tain quantity appears in discrete
amounts W such a high degree of pre-
cision as o provide a new standard
for electrical resistance. Another appli-
cation has been o produce theoretical
examples of quantum stadstical sys-
tems with specified phase diagrams.
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by John B. Friedlander

’I[‘he study of the zeta and L-func-
tions of number theory possessa
rich history. The prototypical exam-
ple. the *Riemann zeta-function” was
considered by Euler as a lunction of
a real variable. Euler discovered sev-
eral of its basic properties, lor exam-
ple its special values at the even
integers, and recognized its perti-
nence o the distribution of primes.

Riemann introduced the notion of
the zeta-lunction as a [unction of a
complex variable and was therehy led
much further, Among other things,
he proved a basic functional equation
(discovered in special cases by Euler)
that provides a simple relation between
the values af the function at *s” and at
“1-5" and he studied the distribution
of the zeros of the function, relating
these o the error term in the Prime
Mumber Theorem. He lormulated the
conjecture that the zeros (apart from
those that were known w be located
at the negative even integers) were all
on the “critical line™ Re s = 41, This
conjecture, known today as the Rie-
mann Hypothesis, is among the most
famous and fundamental open ques-
tions in mathematics.

Ewven hetore Riemann, other
functions of similar nature had begun
o appear on the scene. Dirichler,
motivated by the work of Euler, intro-
duced his L-functions which played
the analosous role {or the distribuion
ol primes in an arithmetic progres-
sion. Like Euler, Dirichlet consid-
ered these as functions of a real
variable but, following the work ol
Riemann, they were analogously
extended, were found o satisly sim-
ilar lunctional equations, and
appeared also o satisly {although no
proot was forthcoming) the corre-
sponding “Generalized” Riemann
Hypothesis,

In this century the number of
types of L-Tunc-
tions has prolifer-
ated and their
study pervades the
field, There are -
functions attached
to number fields,
L-functions
attached to func-
tion lields ([or
which the corre-
spnnding_ Riemann
Hypothesis is
known to hald!),
to elliptic curves,

convexity bound”. A very much
stronger bound, known as the Lin-
delof Hypothesis, is expected to hold,
and indeed is known to [ollow as a
simple consequence of the Generalized
Riemann Hypothesis. This is the pri-
mary goal in this problem, but, for a
number of applications, it is not really
necessary 1o have such a strong bound
but is crucial to have one which
improves the convexity estimate.

In the case of the Riemann zeta
[unction, ideas developed by Weyl,
Hardy, Littlewood, van der Corput
and others early in this century led 1o
improvements in the convexity
bound. These may be peneralized to
a great extent to other such lunc-
tions in studving
the “s-aspect™ b
not to the (usually
more impnrtani]
problem of study-
ing the other para-
meters in which
these more general
functions vary. For
example, in the
case of the Dirich-
let L-functions,
there is associated
the modulus “g” of
the corresponding

to modular forms,
1o motives, and to
representations. Their names are asso-
ciated o Dedekind, 10 Artin, o
Hecke, to Hasse, to Weil, to Selberg,
to Deligne, to Langlands, They have
applicatiuns to many basic questions
of arithmetic.

A natural problem that has
attracted attention, and is also impor-
tant for applications, is that of obtain-
ing good upper bounds for the order of
magnitude of these lunctions.

For rather general L-tunctions,
one has a functional equation of the
type referred to above. This, wgether
with the convexity principle of Phrag-
mén-Lindelaf, allows one, without
losing anything essential in generality,
Lo restrict attention to the cenral crit-
ical line Re s = ', Tralso allows one o
deduce a fairly weak but non-trivial

Prof. fohn Friedlander

character and the
dependence of the
bounds on this parameter is of greater
interest for applications.

In the case of the Dirichlet L-
functions, some filty vears later (and
some thirty vears ago), Burgess suc-
ceeded in breaking the convexity bar-
rier with respect to the modulus.
Although extremely important, this
method oo is rather special. Tt
depends crucially on the [act that,
when you translate the set of integers
inan interval by a small integer, vou
gel something not very different [rom
what you had at the starn,

In my lecture 1 discussed some
of the history and applications of these
results and went on to describe a new
method that 1 have been developing
jointly with W Duke and H. lwaniec
which improves the convexity bound




in the above cases but also applies
much more generally, for example 1o
the 5L(2) automorphic L-functions,
hence to many (conjecturally all) L-
functions of elliptic curves, and to the
L-functions attached to the class group
of imaginary quadratic number fields.

I also discussed the related proh-
lem of linding useful approximations
to L-functions by functions of simpler
type, and especially by Dirichlet poly-
nomials (by which are meant finite
sections of Dirichlet series). Some
hasic examples of such approxima-
tions have heen known for many
vears and [urnish an important tool
in the problem of obtaining bounds
of the type referred to above. 1t would
be significant, for this purpose, o
tind very short Dirichlet polynomials
which closely approximate the L-
function. 1 discussed recent joint
work with E. Bombieri which sets
limits to the length of such approxi-
mations. These limits are very close
to the lengths atained by approxi-
mations already known

Rﬂy[un Lectures in Mathemalics

his distinguished lecture series

was inaugurated in 1993 as part of
the Departments 130th Anniversary
Celebrations.

The 1994 Blyth lecturer was Prof.
Charles Fefferman (Princeton), an
analyst and mathematical physicist
who won the Fields Medal in 1978,
Fellerman gave a series ol walks on
mathematical problems that appear in
gquantum mechanics, He explained
why the laws of quantum statistical
mechanics imply the lormation of
atoms, molecules and matter as we
know them. He presented a statisti-
cal analysis of the ground state struc-
ture of the atom, in the limit when the
nuclear charge is large. In a final 1alk
he explained that the stability of mat-
ter amounts to a simple mathemati-
cal inequality that has yet to be
rigorously established, but which
may be the key to understanding
many physical problems.

Feflerman’s lectures were based
in part on his joint work with Prof.
Luis Seco of our Department, that
was cited in Encyclopedia Britan-
nica’s 1995 Yearbook.

This years Blyth lecturer was the
1994 Fields Medalist, Prof. Efim Zel-
manov (Chicago, Yale), an algebraist
who gave three lectures on the Burn-
side Problem and Profinite Groups.
W. Burnside formulated his famous
problem, “Is a finitely generated peri-
odic group finite?” in 1902, In the
[ollowing 90 + years the problem
played an outstanding role in the
development of algebra. Zelmanaov
reviewed the history and recent
developments connected with the
problem — it was his solution of the
“restricted Burnside problem” that
gained him the Fields Medal. He elu-
cidated the importance of the Burn-
side problems to group theory and
Lie algebras.

@[E:l F(E:Jﬂm :ﬁll]i’ﬁ

by V. Kumar Murty

[[‘ ermat’s Last Theorem is the assertion thatifn =z 3 isan
i integer, and x,y, 2 are integers satisfying the equation
X+y=z
then xyz =0 {i.e., at least one of x,y or 7 is zero), Pierre de
Fermat was a lawyer and amateur mathematician. He
made many mathematical assertions without supplying
proofs, His “Last Theorem™ is the last of his claims that had
not been already either proved rigorously or disproved.

Many mathematicians since the time of Fermat have
studied his equation. Most met with little or no success.
There were several exceptions, most notably Kummer. In
the last ten vears, it was the work of Frey relating Fermats
equation to elliptic curves which led to rapid progress.
What is an elliptic curve? Over the field of rational num-
bers J, it is a curve given by an equation of the form

Ye=x'eax+ b
where a. b are rational numbers and the cubic on the right
has distinct roots. It should not be confused with an

ellipse! Elliptic curves have the marvellous property that
the set of points forms an additive group.

Assuming that {a,b.c) is a nontrivial solution of
Fermat’s equation and that n = p is prime, Frey considered
the elliptic curve

¥ o= xi{x-at)(x+br)
and showed that the points of order p on this curve gen-
erate an extension K{p) of © which has very limited
ramilication.

From another direction, in the 1930, Taniyama ini-
tiated a line of thought which was later developed hy
Shimura and Weil, and which led to the conjecture that all
elliptic curves deflined over ) could be classified in terms
of madular cusp forms. Cusp forms are analytic objects but
when coupled with an algebra of operators called the
Hecke algebra, they yield arithmetic information. They
come equipped with several parameters, one of which is
the “level”.

Serre had the insight to consider cusp forms which are
“congruent” to a given elliptic curve modulo the prime p.
He predicted that the ramification of the field K(p) is
related to the level of such cusp forms. In particular, the
very limited ramification of K{p) should imply the existence
of a cusp lorm of level 2. But such forms are known not
to exist!




Elliptic curves which are consiructed from modular
{cusp) forms are called modular elliptic curves. Ribet was
able 1o prove that Serre’s insight was correct for such
elliptic curves. Thus, if the Frey curve is indeed modular,
as the Shimura-Taniyama conjecture asserts, then we get
a contradiction and Fermats Last Theorem follows.

The final thrust was given by Andrew Wiles who
showed that semistahle elliptic curves over © (a class of
curves which includes Freys) are indeed modular. He uses
the technigques of deformation theory of Galois represen-
tations initiated a few years earlier by Mazur, and an intense

study of Hecke algebras, building on work of Hida, Mazur
and many others. A key property of these algebras was estab-
lished by Wiles in collaboration with Richard Taylor.

Wiles' work has now appeared in the Annals of Math-
ematics. Number theorists around the world are studying
it and trying to explain it to each other and to the world.
The Canadian Mathematical Society and the American
Mathematical Society will soon be publishing a volume with
some of the background necessary to understand the argu-
ment. Wiles' work is a remarkable achievement [or the
number and variety of its new insights.

Recenl Faculty Appointments

Claudio Albanese joined the Department at Erindale Col-
lege in 1994, Prof. Albanese was born in Ortona, laly. He
did his undergraduate work in Physics at the University of
Pavia, and obtained his Ph.D. in Mathematical Physics from
the Swiss Federal Institute of Technology in Zurich. He
spent the following three years in the U5, at U.C.LA., the
Courant Institute and Princeton University, and then
returned to Zurich for another three years.

Prof. Albanese has worked on infinite-dimensional
Hamiltonian systems, proving the first hifurcation theorem
for a system with dense spectrum, and in statistical mechan-
ies, where he introduced powerful new technigues for the
analysis of quantum spin systems. He is currently interested
in problems of stochastic control theory that have appli-
cations o mathematical linance.

Boris Khesin has accepted a position in our Department
& 1 this year. Profl, Khesin was born
| in Moscow and received his
Ph.D. in 1989 from Moscow
State University, where he was
a student of Prof. V.I. Arnold.
He left Russia the following
year. After spending two years
at the University of California in
: Berkeley, he held an Assistant
th:,gsmsmp at Yale, He has been a Visiting Professor at
the Max-Planck Institute in Bonn, the Institut des Hautes
Etudes Scientifiques in Bures-sur-Yvette, and the Isaac
Newton Institute in Cambridge.

Profl. Khesin has made important contributions to
symplectic geometry, singularity theory and integrable
systems, all with a highly individual flavour, His idea of the
logarithm ol the derivative (now called the Khesin cocy-
cle) has provided a missing link in the theory of inte-
grable systems and determinant theory. He has developed

this idea in his recent work on group-theoretical methods
in hydrodynamics, providing a beautiful generalization
to infinite-dimensional mechanics of the notion of ergodic
hehaviour.

Askold Khovanskii has also joined our Department this year,
as Professor. One of the leading Russian mathematicians of
his generation, Prof. Khovanskii has been a member of
the lnstitute for System Studies of the Academy ol 5Sci-
ences of the U.5.5.R., and Scientific Director of the Moscow
Mathematical Institute. He has held visiting professorships
in Canada, France, Sweden, Switzerland and the United
States, and was invited to address the International Con-
gress of Mathematicians in Warsaw in 1983.

Prol. Khovanskii is a geometer, but his work tran-
seends classification into a fixed subject area. His theory
of “fewnomials” — the idea that objects defined by “sim-
ple” systems of equations should have a “simple” topology
— has important applications in real algebraic geometry,
the theory of abelian integrals, logic and complexity the-
ory. His foundational work on Newton polyhedra connects
real and complex algebraic geometry with the geometry and
combinatorics of convex polyhedra, with stunning appli-
cations in both directions.

r‘ilex.mdn:r Hahumvsk}* Jﬂlntd the Department of Mathe-
matics at Taronto in 1993, He
began his studies in Russia, and
obtained his Ph.D. from the
Weizmann Institute of Science
in Israel, in 1992, He has taught
at Stanford University and the
Courant Institute of Mathe-
matical Sciences at Mew York
Universily.




Frol. Mabutovsky is interested in gquestions of exis-
tence and complexity of algorithms for problems in dif-
ferential geometry and topology. Using recursion theary,
he has shown that the theory of “thick™ knots differs in
a remarkable way [rom classical knot theory (where the
“ropes” have zero thickness!). He is using algorithmic
methods to study one of the most important questions in
Riemannian geometry: What is the "best” metric on a given
compact manifold?

Maciej Zworski is taking a position as Professor in our
Department this year. He was
born in Wroclaw, Poland, and
began his studies in Mathe-
matics at Imperial College,
London. When his [amily
moved to Canada in 1983, he
continued his studies at the
Massachusetts Institute of
Technology. He received his
F‘h D. {rum M. 3 T. in 1989, as a Sloan Doctoral Disserta-
tion Fellow. After graduating, Prol. Zworski was a Ben-
Jamin Pierce Lecturer al Harvard, and a Visiting Professor
at the Université de Paris-5ud in Orsay. He went to Johns
Hopkins University in Baltimore as a Sloan Research
Fellow in 1991, and became Professor at Johns Hopkins
in 1904,

Prol. Zworski is a world expert in partial differential
equations, microlocal analysis and scattering theory, He has
done remarkable work on the diffraction of waves by solid
bodies, and on the distribution of resonances or poles in
ohstacle and potential scattering. Prof, Zworski joins a very
strong group in partial differential equations and mathe-
matical physics at Toromao,

Recent limited-term laculty appoinuments: Frangois
Destrempes (Ph.D., Comnell) was formerly Assistant Pro-
lessor at the University of Ottawa. Eriko Hiromaka (Ph.D.,
Brown); Prof. Hironaka was a Szegd Instructor at Stanford
before coming to Toronto, Andrew Hwang (Ph.D., Berke-
ley) was a Fellow at Osaka University belore joining our
Department. Lawrence Kolasa (Ph.D., California Inst.
Technology}, formerly at the University of Wisconsin-
Parkside. Serge Resnick (Ph.D., Chicago). Brooks Roberts
(Fh.D., Chicago); before coming to Toronto, Prol. Roberts
was Guest Researcher at the Max-Planck-Instine fur Math-
ematik. Frank Sottile (Ph.D., Chicago). Sarah Witherspoon
(Ph.D., Chicaga)

Prof. Warwick Sawyer
Well |
Ciﬂ]I]IIl‘l‘Dl‘[Tl@I(g]'E, England

|*1]m:mm

]Iwns very pleased to see that the Department is taking an
active part in regard to mathematics teaching in ele-
mentary schools, Until 1976 1 held a joint appoinunent,
Mathematics and Education, and have always regarded the
elementary stage as the vital one. If a child comes to dis-
like or fear mathematics at that stage it requires a near mir-
acle to correct these feelings later.

In all the countries 1 have been in, 1 have found that
those people who have never experienced good mathe-
matics teaching; 1. Think doing mathematics is a matter
of abeving certain rules (how these rules came 1o bhe
revealed to humanity is a question that is never raised). 2.
Thus it is an extremely dull subject. 3. 1t is difficult. 4. Often
itis found [rightening. Nobody can possibly teach math-
ematics well so long as he or she is in the grip of this cul-
ture. An approach that sets out simply to convey
information is bound 1o fail. The emotional and intellec-
tual basis must be tackled from the stare

At the time of “Modern Math” in U.S.A. many lectur-
ers emphasized how advanced the new topics were, “Do
you realize that this topic was never taught at a lower level
than college?” This was exactly the opposite of what was
needed, something so simple that it produced the response,
“Oh, I see that, Why did nobody tell me this before?”

When 1 was giving talks to elementary school teach-
ers in Connecticut T managed to get this reaction by means
of pictures which showed that the sum of even numbers
was always even, and so forth. As most of the teachers had
never seen a mathematical result belore, the effect was
almaost that of a religious revival meeting,

Teachers and future teachers should get the experience
of arriving at mathematical results for themselves; they
should meet results that are interesting and surprising; most
of the time they should succeed and gain in confidence;
they should also gradually come to realize that some prob-
lems in mathematics have taken years or even centuries to
solve, and that some are still unsolved, Tt should be empha-
sized that in our trade we we do not claim 1o know every-
thing. There are questions. like Goldbachs conjecture,
that can be understood by an eight-year-old student, 1o
which nobody knows the answer.




Alumomi News

John Benedetto (Ph.D. "64) is a pro-
fessor of mathematics at the Uni-
versity of Maryland a1 College Park.
He is the founder and editor of the
Journal of Fourier Analysis and
Applications,

Jean Duquesnay retired in 1984 after
teaching secondary school math for
28 years. She has been a climatolog-
ical weather observer since 1957 and
is Membership Secretary of the
Algoma Unit of Superannuated
Teachers of Ontario.

Samuel Goldherg (Ph.D. '31) has
been a visiting prolessor at the Uni-
versity of the West Indies (Kingsion,
Jamaica) since 1991,

Ken Hoyle (4T3) and his wile Don-
nie have lived in Guelph, Ontario
since Ken's retivement in 1981 [rom
Bell Canada. He worked for Bell for
35 vears, and travelled 1o many places
(Geneva, Stockholm, Moscow, Aus-
tralia, etc.) Tor international tele-
phony. “It was not at all boring as
Sam Beatty [oretold in 437, He was a
member of the winning Putnam team

inn 42 and recalls that, after the morn-
ing session, Donald Coxeter “pro-
vided off-the-cull answers for those
[problems| I had found puzzling™

Bruce MacDonald writes: “1 suspect
actuarial science is no longer as
important at Varsity as it once was,
what with the courses being given at
Waterloo and Laval that are specifi-
cally designed to produce actuaries.
We didn't go into first year plan-
ning to become actuaries. It was a
decision we reached en route to our
degree, and 1 think we were the bet-
ter for this.”

g

Rocco Martino (5T 1, Ph.DD. 55 Inst.
Aerospace Studies) has held acacdemic
appointments at the University of
Waterloo, where he was the founding
head ol the Dept. of Management
Enginecring, and at New York
University. He is the founder and
Chairman of XET, Inc, (Wayne, Penn-
sylvania) which provides real-time
financial networks on a national and
international basis. He has published
18 books and over 200 articles. Neu-
mann College (Aston, Pa.) awarded
Bocco an honorary D.5¢. in 1993,
citing him and his wile Barbara as
“an example for compassion and
commitment 1o the improvement of
the larger world around them”.

Clare Stockdale (6T7) has recently
returned to her home in Sydney, Aus-
tralia after working as a U.5. tax asso-
ciate with Price-Waterhouse in
Tokyo, where her hushand was on
assignment as a corporate lawyer.
She writes “I would love to hear
about fellow graduates from MPC. |
only ran into 3 of them at the 25th
Reunion. 1 believe there were only 10
girls who graduated in that class but
our attrition rate was less than 40%
whereas the boys' was over 73%.
Even so, 1 wonder how many of the
girls actually ended up with full-time

Careers.”

Robert Thomas (6T4) graduated
from M & P with philosophy replac-
ing the more usual physics. He has
worked in the Dept. of Applied Math.,
University of Manitoba, since 1978,
and edits the new Series 11 of
Philosophia Mathematica, the only
journal in the world dedicated to the
philosophy of mathematics. His son,
Hugh (9T4) is now a graduate stu-
dent in Mathematics at the University
of Chicago.

George Watson (3T6) has been a fel-
low of the Society of Actuaries for
50 years and of the Canadian Institute
of Actuaries since its incorporation 30
YEars ago.

Thinking About Mﬁuﬂdﬂg

;
a Donation?

If you are planning to make a donation to the Department of Mathematics,
remember to make your cheque payable to the University of Toronto. The
designations “Department of Mathematics” and either “graduate” or “under-
graduate” program should appear at the bottom of the page. And if you
recently received an Annual Fund Pledge Card, please remember to return it
along with your chegue.




