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Mathematical Prizes

• There is no Nobel Prize in Mathematics.

• But we have our equivalents — the Fields

Medals, the Nevanlinna Prize, and this year

the new Abel Prize.

• I shall describe a little of the History of the

prizes, and say something about the cer-

emony, the recent winners and their work

— with very few formulae!

• A Tom Lehrer Song makes the case that

Mathematics is ubiquitous: the language

of modern science, high technology, and

everyday life.
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THE FIELDS MEDAL

• The highest honour in mathematics is a

Canadian bequest (1932).

• Two to four are awarded at quadrennial

International Congress of Mathemati-

cians · · · along with the Nevanlinna Prize.

• In 2003, the first annual $500,000 (US)

Abel Prize will be awarded, endowed by

Norway in honour of:

Abel Niels, Hendrik (1802–1829) Nor-

wegian mathematician who made signifi-

cant contributions to both algebra and anal-

ysis, especially to the study of GROUPS

and INFINITE SERIES. He proved the in-

solubility of the quintic at the age of nine-

teen. [From the Collins Dictionary.]
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The transparencies, and other resources,

for this presentation are available at

www.cecm.sfu.ca/personal/jborwein/fields03.html

And now the players · · ·
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A. John Charles Fields

Born in Hamilton: 14 May 1863

Died in Toronto: 9 Aug 1932
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“John Fields received his B.A. in math-

ematics from the University of Toronto

in 1884. After a Ph.D. at Johns Hop-

kins University, Fields was appointed

Professor of Mathematics at Allegheny

College in 1889. However from 1892

Fields studied in Europe with Fuchs,

Frobenius, Hensel, Schwarz and Planck.

In 1902 Fields was appointed to the

position of lecturer at the University of

Toronto where he remained until his

death. In 1923 he was promoted to

research professor at the University of

Toronto. His main research topic was

on algebraic functions.”
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“Fields received several important hon-

ours. He was elected a fellow of the

Royal Society of Canada in 1907 and,

in 1913, he was elected fellow of the

Royal Society of London. In 1924 the

International Congress of Mathemati-

cians was held at Toronto and Fields

was honoured by being President of the

Congress.”

7



• There is a world class Fields Institute for

Research in Mathematical Sciences (Toronto

1992).

• The ICM was held in Vancouver in 1974.

• In 2010 we hope it will be in Montreal.

• The IMU has more than 55 members. In

‘Group V’ are: Canada, China, France,

Germany, Israel, Italy, Japan, Russia, UK,

USA.

• The prize is poorly funded — the CMS and

Fields Institute are trying to improve this

(so far without result).
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B. The Legacy of John Charles Fields

“However Fields is best remembered

for conceiving the idea of, and for pro-

viding funds for, an international medal

for mathematical distinction. Adopted

at the International Congress of Math-

ematicians at Zurich in 1932, the first

medals were awarded at the Oslo Congress

of 1936.

Field’s Medals are awarded to no fewer

than two and no more than four math-

ematicians under 40 years of age

every four years at the International

Congress of Mathematicians. These

conditions were set down to recognise

Fields’ wish, set out in his Will, that the

awards recognise both work com-

pleted and point to the potential for

future achievement.”
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C. The Fields Medal Itself

Obverse: Archimedes facing right
The inscription is:

TRANSIRE SUUM PECTUS MUNDOQUE
POTION “To transcend one’s spirit
and to take hold of (to master) the
world.”

� In the field is “of Archimedes” in Greek,
the artist’s monogram and date RTM, MC-
NXXXIII. R(obert) T(ait) M(cKenzie), the
Canadian sculptor/designer. The correct
date is “MCMXXXIII” (1933).
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Reverse: Archimedes’ sphere

inscribed in a cylinder

CONGREGATI EX TOTO ORBE MATH-

EMATICI OB SCRIPTA INSIGNIA TRIBUERE

“The mathematicians having con-

gregated from the whole world awarded

(this medal) because of outstanding

writings.”

(Eberhard Knobloch, August 5, 1998)

� Each Medal is struck in the Canadian Mint
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D. The 2002 IMU

• ICM was first Global meeting in Beijing
(fixed in 1995–96) — a major political and
a scientific event.

• We were the news for ten days: especially
John Nash and Stephen Hawking.

“From Aug 20 to 28, many of the world’s
mathematics heavyweights and academic
rising stars, totalling more than 4000
strong, are meeting in Beijing. Among
them, is one Nobel Laureate in Eco-
nomics and six Fields Medalists. This
is China’s first time hosting so many
top-notch mathematicians, whose lec-
tures are indicative of the current level
of mathematical research.”

The Main China News Service
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. . . and the Medal Ceremony

• The award ceremony was the first event.

It was held in the

Great Hall Of The People

after a convoy of 100 buses from the Bei-

jing Convention Centre.

• Last year I wrote

“Math is experiencing a period of great

diversity, synthesis and inter-disciplinarity.

Its value to the other sciences is in-

creasingly recognized. The next Fields

Medalists (August 2002 in Beijing)

will show this in trumps.”
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E. This Year’s Prize Winners

• I was wrong. The speeches (from the Chi-
nese leaders too) were outward looking but
the prizes were not.∗

• Why only two Fields medals were given?
Both in one ‘corner‘ of mathematics. The
committee could not pick numbers 3 and
4 ‘out of the pack’ ! (Areas get medals as
much as people).

• The IMU Executive was not happy. (Public
rhetoric and private dissonance.)

• As Chair of the IMU’s committee on elec-
tronic matters (CEIC) and past president
of the CMS, I was privy to much of this.

∗URL: www.maa.org/news/fields02.html .
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The Great Hall of the People

• The Opening Ceremony with 6,000 people

The Great Hall, August 20, 2002
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A National Treasure

• The Chinese geometer S.S. Chern with Pres-

ident Jiang Zemin:

Shiing-shen Chern (1911– )
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• Try to imagine a Canadian equivalent!
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The Medals Awarded

• Two Fields Medalists and Two Presidents

August 20, 2002

• Lafforgue’s medal . . .
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August 20, 2002
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At the Canadian Embassy

• Mathematical ‘glitterati’ at a Canadian Math-
ematical Society reception (now a fixture at
the ICM) for the medalists .

August 21, 2002

• This was the only event the Nevanlinna prize
winner was invited to! (Another convoy across
the city.)
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E1. A First Winner: Andrew Wiles

Special 1998 IMU Silver Plaque

Andrew Wiles (1953)

� Andrew J. Wiles (Princeton) for the 1994
solution of Fermat’s Last ‘Theorem’ ∗

∗A life-long search, with an error in 1993.
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A Taste of Wiles

Fermat’s last theorem (a 350 year challenge).
The Diophantine equation

xN + yN = zN

has no positive integer solutions for N =
3,4,5, · · · . Solutions for N = 2 are Pythagorean
triples: 32 + 42 = 52, 52 + 122 = 132, etc.

• Pierre de Fermat (1608-1665) claimed ‘an
admirable proof’.∗

• A brilliant false proof (Kummer in 1843)
helped number theory and algebra develop.

• Nova produced The Proof and interviewed
Wiles:
http://www.pbs.org/wgbh/nova/proof/wiles.html.

• The proof uses ‘most‘ of 20th Century math-
ematics — the ‘Langlands program’ (Lang-
lands is a Canadian from New Westminster).
∗Annotating in his copy of Bachet’s Diophantus, ‘the
margin is too narrow to contain it’.
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Proofs by Reduction

Fermat was a master at reduction ad absur-

dum (assume a solution exists, then produce a

smaller one) and could certainly prove certain

cases (N = 4) by such means. This approach

does not work in full generality.

♠ I illustrate ‘reductio’ graphically with Tom

Apostol’s lovely new geometric proof∗ of the

irrationality of
√

2.

♣ This can be beautifully illustrated in a dy-

namic computational geometry package such

as Geometer’s Sketchpad or Cinderella.

∗MAA Monthly, November 2000, 241-242.
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PROOF. Consider the smallest right-angled

isoceles triangle with integer sides. Circum-

scribe a circle of radius the vertical side, and

construct the tangent on the hypotenuse.

The square root of 2 is irrational

The smaller isoceles triangle is again integral

· · · . QED
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E2. A Second Winner: Madhu Sudan

The Nevanlinna Prize Winner

Madhu Sudan (1966)

� Madhu Sudan (MIT) in recognition of his
contributions to the underpinning of prob-
abilistically checkable proofs, non-approx-
imability of optimisation problems and error-
correcting codes.
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The Nevanlinna Prize

� Given, every four years, since 1982 “for

outstanding work in the field of theo-

retical computer science” as a counter-

part to the Fields Medal.

� Named for the great Finnish analyst Rolf

Nevanlinna (1895-1980), Rector of Univ.

of Helsinki and IMU President, who in the

1950s also initiated computing at Finnish

universities.

• The German Mathematical Society has en-

dowed a Gauss Prize for applied math-

ematics from the surplus from the 1998

Berlin ICM — to start in 2006.
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A Taste of Sudan: Proof Checking

CITATION. “He was a main player in

the development of methods for a “ver-

ifyer” (typically a computer) to estab-

lish with a high degree of probability

whether a proof is correct.”

• From the front page of next day’s Hindu:

A ‘big honour’ for a versatile computer scientist

“Madhu Sudan, who has won the Nevan-

linna Prize, in recognition . . ., was born

in Chennai in 1966. He did his B.Tech.

in computer science at the IIT, Delhi,

and Ph.D. in computer science from

the University of California at Berkeley.
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”The award marks the winner’s choices

of problems, their methods and their

results being different from one another,”

said Mr. Jacob Palis, president of the

International Mathematical Union,” and

this diversity exemplifies the vitality of

the whole of the mathematical sciences.”

His work on probabilistically check-

able proofs showed that the traditional

way of proving a proof to be either ‘cor-

rect’ or ‘incorrect’ and those inconsis-

tencies in proofs are not meant to be

quantified was a pure misconception.
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One area which may benefit from his
work is cryptography and computer se-
curity where the notion of a proof un-
derlies many basic tasks that we per-
form routinely. The second area is the
non-approximability of optimisation

problems (NOP).

This works around the central idea of
whether P equals NP where P consists
of problems that are ‘easy’ to solve with
current computing methods and NP stands
for problems that are fundamentally harder.
His work showed that for many prob-
lems approximating an optimal solution
was just as hard as finding an optimal
solution. ”A major impact of this re-
sult was to curb a lot of ongoing re-
search into approximation algorithms,”
he said, ”as all efforts would prove fruit-
less where approximation algorithms are
sought widely for optimisation problems.”
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The third area where he had made sig-

nificant contributions is error-correcting

codes. These codes play a role in in-

formation transmission. A certain amount

of noise is produced in any message

that is being transmitted and this causes

errors. The Reed-Solomon codes were

used to reduce the quantum of errors.

His new decoding algorithm has chal-

lenged the general notion that the Reed-

Solomon code could correct only a cer-

tain number of codes.”

∇ This is an exciting area, last summer Agrawal,

Kajal and Saxena from IIT (Kanpur) proved

(quite simply) that there is a deterministic poly-

nomial time method of proving a number prime.

Sudan will lecture at the December 2003

CMS Meeting hosted by SFU.
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E3. The Two Fields Medalists

Lafforgue (1966) Voevodsky (1966)

• Laurent Lafforgue (IHES, Paris) for prov-
ing the global Langlands correspondence
for function fields.

• Vladimir Voevodsky (IAS, Princeton), for
developing a new cohomology theory for
algebraic varieties.
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A Taste of Two: Some Common Themes

• They cross and mix fields (topology, geom-

etry, algebra, number theory, knot theory).

• They see unexpected connections. They

combine the old and the new.

• They can concentrate for a very very long

time (one characteristic of genius),

• They possess technical prowess and bril-

liant insight.

• They are ordinary, if very smart, nice hu-

man beings!
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A Taste of Lafforgue: Big Ideas I

CITATION. He as honored for mak-

ing major advances in the “Langlands

Program,” based on a visionary set of

conjectures by Robert Langlands that

sketch out deep connections between

number theory, analysis, and group rep-

resentation theory. Lafforgue proved

the global Langlands correspondence

for function fields, building on the work

of Vladimir Drinfeld (also a Fields medal-

ist, in 1990).

Lafforgue’s work confirms the funda-

mental insights of Langlands and is an

important step towards the realization

of the full program. It is ”characterized

by formidable technical power, deep in-

sight, and a tenacious, systematic ap-

proach.”
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Lafforgue was ‘odds-on’

A proof of the Langlands conjecture for

function fields answers a question that has

puzzled mathematicians for over 3 decades

Dana Mackenzie, Science, Feb 4 (2000) 792-3.

“In January 1967, a 30-year-old Prince-

ton mathematics professor named Robert

Langlands wrote to Andr Weil, the dean

of the world’s number theorists, asking

for his opinion about two new conjec-

tures. “If you are willing to read [my

letter] as pure speculation I would ap-

preciate that,” wrote Langlands;“if not

— I’m sure you have a waste basket.”

Weil never wrote back, but Langlands’s

letter turned out to be a Rosetta stone

linking two different branches of math-

ematics.
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“He posited that there was an equiv-

alence — rather like a French-English
dictionary — between Galois represen-
tations and automorphic forms. The

former describe the intricate relation-
ships among the solutions to equations

studied in number theory. The latter
are highly symmetric functions. · · ·
For 30 years, Langlands’s questions

— which are often called the “Lang-

lands program” because of their many

ramifications — have been a driv-

ing force in number theory. The
program has led to two (now three)

Fields medals. . . . 2000, Perhaps the

greatest mathematical achievement

of the 20th century, Andrew Wiles’s
1994 proof of Fermat’s Last Theorem,

can also be viewed as the completion of
a small part of the Langlands program.
· · ·”
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“ This fall, thanks to Lafforgue, an-
other piece of the program finally fell
into place. In November, Lafforgue gave
the first U.S. presentation of his proof
of the “Langlands conjecture for func-
tion fields” in a series of IAS lectures.”

• The Gauss Reciprocity Theorem. For odd
primes p and q we have

(p/q) · (q/p) = (−1)
(p−1)(q−1)

4 .

Here we define (p/q) by

(p/q) =



+1 q a quadratic residue of p

−1 otherwise

where q is a quadratic residue of p if one can
solve x2 ≡ q mod p for some integer x.

• This is viewed as a primal ancestor of the
Langlands programme:

(5/13) = (13/5) = (2/5) = −1.
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A Taste of Voevodsky: Big Ideas II

CITATION. “He was honored for de-
veloping a new cohomology theory for
algebraic varieties. Voevodsky’s “mo-
tivic cohomology” (the name is re-
lated to Alexander Grothendieck’s vi-
sionary idea that there should exist ob-
jects, called ”motives”, that establish
the connection between number theory
and algebraic geometry) builds on an
idea first proposed by Andrei Suslin.

· · ·
One consequence of Voevodsky’s work
is a proof of the Milnor Conjecture, for
many years the main open question in
algebraic K-theory. His work is “char-
acterized by an ability to handle highly
abstract ideas with ease and flexibil-
ity and to deploy those ideas in solv-
ing quite concrete mathematical prob-
lems.”
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Mathematicians Defined

“Renyi would become one of Erdos’s

most important collaborators. ... Their

long collaborative sessions were often

fuelled by endless cups of strong coffee.

Caffeine is the drug of choice for most

of the world’s mathematicians and cof-

fee is the preferred delivery system. Renyi,

undoubtedly wired on espresso, summed

this up in a famous remark almost al-

ways attributed to Erdös: “A math-

ematician is a machine for turning

coffee into theorems.“ ... Turan, af-

ter scornfully drinking a cup of Ameri-

can coffee, invented the corollary: “Weak

coffee is only fit for lemmas.“ ”

On page 155 of My Brain is Open, Schechter’s

1998 biography of Erdös.
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Topologists Defined

“A topologist is a mathematician
who can not distinguish a coffee cup
from a Tim Horton donut.“

• Knot theory, as done — in 3D — upstairs
in the New Media Innovation Centre, is closely
related.
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F. The Abel Prize

• For a few years there will be a ‘feeding

frenzy’.

• The prize will quickly become the Mathe-

matics Nobel.

• For the reasons we have seen Langlands is

a very strong (Canadian) candidate. I note

– he has honorary degrees from every province

– he spends his summers at the Centre de

Recherches Mathématiques in Montreal

– and his niece works at SFU.
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Robert Langlands

Langlands at Laval CMS Meeting

16 June 2002
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Tying Some Pieces Together

♦ Kontsevich (1998 Fields Medalist) mixes

physics, string theory, knot theory, topology &

geometry to extraordinary effect.

Reidermeister Moves

♥ Kontsevich found the ‘best knot invariant’∗
so far. We still can not tell when two knots

are the same, or even effectively when we have

an ‘un-knot‘ (KnotPlot†).
∗Invariants discriminate: such as ‘casting out nines‘.
†http://www.colab.sfu.ca/KnotPlot/

43



• Much of the way was led by Canada’s most

famous living mathematician, the geometer:

Donald Coxeter (1907 – )
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Coxeter’s 95th Birthday Mobile

• A projection of a regular four-dimensional

solid whose faces consist of 120 regular do-

decahedrons.∗

∗//www.fields.utoronto.ca/programs/scientific/
01-02/coxeter95/.
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♦ McMullen (1998 Fields Medalist) says:
“There are many practical applications
to [my] work,” he said,“such as more
detailed knowledge of how heart at-
tacks begin, how earthquakes start, and
how an asteroid might suddenly change
its path and head for Earth.”∗

The Most Famous Modern Math Image?

� Constructed from Julia sets: J(µ) the z0 so
that zn+1 = z2

n + µ remains bounded when it-
erated in the complex plane. It shows µ with
J(µ) connected.†
∗See www.news.harvard.edu/gazette/1998/09.17/
MathematicianCu.html

†http://aleph0.clarku.edu/personal/djoyce/julia/
explorer.html
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Fractal Behaviour in Zeros of Polynomials
(CECM/Springer-Verlag)
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E. Research at SFU

Sudan’s areas mesh with research at SFU:

February 1, 2002 The Canada Foun-
dation for Innovation approved its part
of a twelve million dollar project to build
a unique world class SFU Interdisciplinary
Research facility in the Mathematical
and Computational Sciences (IRMaCS).

At its core will be the strong research
groups at Simon Fraser University in
highly computational pure and applied
mathematics and science. These groups
of scientists and students span math-
ematics, statistics, computing science,
computational biology, engineering, ki-
nesiology and more. This grant will
build (to open in late 2004) and equip
approximately 25,000 square feet of ad-
vanced research space.

(P. Borwein, Project Leader)
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· · · And something rare

• Mathematics consists of beautiful general

theories and equally beautiful exotica. We have

seen some of each.

The Only White Waratah Plant

� I personally am entranced by ‘sporadic’ Waratah-

like examples.
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G. CONCLUSION

The Fields Medal

• Math is experiencing a period of great di-
versity, synthesis and inter-disciplinarity. Its
value to the other sciences is increasingly
recognized. The next Fields Medalists (Au-
gust 2006 in Madrid) will show this in trumps.
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