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THE SFANISH FACE OFTHE CONGRESS

11 Outstanding Spanish Mathematicians

For the first time in its 125 year histoy Spaniard will
deliver one of the plenary lectures at the International
Congress of Mathematicians. Juan LMé&zquez's

“We're specialists in the concepts and calculations behind
these things; nonlinear fifential equations, the density
of mass or engy, measurements and probabilities,

appearance is a source of pride for Spanish research and asymptotic methods, etc¥azquez was president of the

science, but he will not be alone at the Congress; ten
other Spanish mathematicians will be appearing as
invited speakeraNhat follows is a brief profile of them
and their work.

Juan Luis Vazquez (Oviedo, 1946). Nonlinear
diffusive equations.

Juan Luis
Vazquez is
professor of
Mathematics and
telecommunications
engineer at the
Complutense
University in
Madrid. Heat
propagation, o« }
contamination, the N =
nuclear mushroom \\\m.
cloud, population

Spanish Society dfpplied Mathematics from 1996 to
1998, and was awarded the Julio Rey Pastor National
Prize for Mathematical Research in 2003.

Mar cos Marifio (Santiago de Compostela, 1970).
String Theory.

Marcos Marifio Beiras obtained his PhD in theoretical
physics in his native city in 1998fter periods spent in
research a¥ale, Rutgers and Harvard, he currently works
at the CERN Department of Physics in Geneva and also
visiting professor in Lisbon. His field of work is string
theory the most ambitious attempt at a description of the
physical world and the unification of its interactive
forces, including gravityMarifio will address the latest
advances in this subject during his talk at the ICM2006.

“String Theory still remains the only consistent unified
theory we know says Marifio, “and although some
physicists might not agree, | believe it to be the only
consistent quantum theory of gravitg's regards its
interrelation with other disciplines, Marifio considers that

studies and stellar dynamics are just some of the subjects a fruitful dialogue has been established between string

that are covered by nonlinearfdiion,Vazquez's
specialized field, and it is with these limited support,
nonlinear difusive equations that his lecture at the

Congress will deal. “They are laws that reign over a great

part of physics,” say¥4zquez. “They have many

theory and other disciplines such as statistical physics,
cosmology general relativityand so on.

Rafael de la Llave. Pedictive Models

applications such as time control and to medical problems He graduated in physical sciences at the Complutense

like tumour treatment”.

The common denominator of his studies is “the
mathematics of entities that arefdfed in groups (in
crowds — in his own words); they occupy a zone in space
and have a certain densityrherefore, they have
applications to particles, fluids and populations; answers
are sought for questions such Athere are they? How
many are there®/here are they going? Do they tend to
stabilize?

His highly abstract research work provides a theoretical instabilities in

framework for a great variety of scientific problems. It is

a meticulous task that can sometimes mean concentratingsystems. Since

on the same integral for an entire yé#lve're involved

with a type of mathematics inspired directly in the
problems of fluid mechanics, stellar dynamics, population
studies, chemical reactions, and so on”, 3&y&juez.

University in
Madrid and
obtained his PhD
in Mathematics at
Princeton in 1983.
He is engaged in
research into
predictive models
and the study of

dynamical

1989 he has
worked at the
University of
Texas inAustin
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and currently collaborates with various groups in Spain,
especially with the team working in dynamical systems in
Barcelona.

When asked about the filifulty of seeking the
predictive models he researches, de la Llave says that
“the chances of a system becoming chaotic or not is a
very delicate matteirhe slightest alteration in a
parameter can lead to drastic changes in properties.
level of instability of a system depends a great deal on
small details and even on the point of departure”.

Xavier Tolsa (Barcelona, 1966). PainlevéTheorem.

Tolsa gained his PhD in industrial engineering at the
Polytechnical University of Catalonia, where he also
studied mathematics, graduating in this subject in 1994
and going on to obtained his doctorate in 1998, under
supervision from Mark MelnikaAfter some years
abroad, he returned to Spain with the Ramén y Cajal
Programme and in
2003 he was hired
by the ICREAas a
research professor
His solution to the
Painlevé and
Vitushkin
historical
problems have
brought him
international
recognition, as
manifested in the
Salem Prize and
the European
Mathematical
Society Prize.

Tolsa struggles against one of the great clichés about
mathematics in Spain; showing that indeed there are
many things still to be researched. In this sense, he
continues to work on PainlesTheorem, researching
into how to generalize some of the results already
obtained for analytical capacity at higher dimensions.
(Techniques developed for the complex plane — in
dimension 2 — do not work in higher dimensions and
require new ideas).

Antonio Ros (Granada 1958). Minimal Surfaces and
the Isoperimetric Problem.

the simplest everyday object we can use to construct a
spherical figureThe explanation for this phenomenon is
the isoperimetric property of the sphere: the surface of
least area among all those enclosing a given volume”.

Enrique Zuazua (Eibar, 1961). Contol and
Optimization.

Zuazua is professor éfpplied Mathematics at the
Autonomous University of Madrid. He is the author of
more than 150 published articles, and his research work is
focused on partial dérential equations, their numerical
approximation and their application in control and
optimization.

He defines control and optimization as two eminently
interdisciplinary mathematical fields with shared
applications. For Zuazua, both disciplines can provide
answers to the same types of questions; to find the
configuration
and the
“optimum”
planning for
the mechanism
or process
under
consideration.
In this context,
“optimum”
means “the
best possible”.
“They are both
disciplines
inspired in
applications,”
Zuazua points
out,
“developed
from ideas
belonging to the classical theory offdifential equations
and the calculation of variations to provide answers to
problems which were first posed by the industrial
revolution and which since then have become much
greater and more sophisticated”.

Francisco Santos (¥lladolid, 1968).Triangulations
and Polytopes.

The talk given by this professor of Geometry and
Topology who works at the University of Cantabria will

Professor at the University of Granada, Ros has focusecdeal with “Triangulations and Polytopes”, a subject in

his work on diferential geometryThe team of specialists
in this field that have formed around him have achieved
worldwide recognition for their worlAs an expert on

this subject, Ros will give a talk within the Geometry
Section of the Congress, which will deal with minimal
surfaces and the isoperimetric problem.

As an explanation of his researches, Ros quotes the
example of a soap bubble on a wire rilgis would be a
“minimal surface”. “This is due to the fact that the point
of equilibrium of a physical system is that which
minimizes its engy,” states Ros. “In the case of the soap
film, the enegy is the surface area itself.soap bubble is

which Santos is an expert of international renofvn.
polytope is a geometric shape equivalent to a polygon in
the plane (2-D) and the polyhedron in space (3-D), but in
any number of dimensions.

With regard to its applications, Santos makes particular
mention of his studies in topograpmumerical
resolution of equations of various variables, and in
geometric design. “In certain problems concerning
computational geometry we use algorithms that seek an
optimum triangulation by means of combinatorics.
Furthermore, it has other surprising applications in pure
mathematics. In particulapart of my work has been
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devoted to exploring the connections with algebraic
geometry and combinatorial topolgdyut this is such an
abstract question that it would befitifilt for a lay person
to understand”.

Luis Vega Gonzélez (Madrid, 1960). Nonlinear
Schrodinger Equations.

Graduated in mathematics in 1982 from the
Complutense University in Madrid, and went on to gain
his doctorate at th&utonomous University of Madrid
six years laterSince 1993 he has been working at the
University of the Basque Counfrgluring which time he
has published more than 70 articles and papers in
international journals with a high degree of impact.
Many practical works in telecommunications and fluid
mechanics have grown out of his researchers.

His talk will deal with a versatile general method of
solving nonlinear Schrodinger equations, a universal

restoration of satellite imagealthough the object of his
studies already enjoys the benefits of the latest image
restoration techniques, Caselles is at pains to point out
that there are still many restoration problems still to be
solved with regard to compressed images or those
affected by satellite vibrations. Furthermore, he is
looking for the solution to problems related with low
resolution images. In the field of video processing and
digital cinema, a series of algorithms has been
developed for disentangling video, restoring film, colour
correction, and for simulating day-foight shots.

Juan Luis LépezVelasquez (Madrid, 1964)

Physics graduate and PhD in Mathematics from the
Complutense University in Madrid, where he is
currently professor of Mathematics. In his talk he will
speak about the mathematical results obtained for the
Keller-Segel system of equations. His studies have been

equation describing, among other things, how dispersive focused on the behaviour of the solutions tdedé&nt

waves evolve in time; that is, those waves whose
velocity depends on their frequendynlike
electromagnetic or sound waves, “ explaifega
Gonzéalez, “their speed of propagation is not bounded.
Our work has to be understood as a result of the
stability of many mathematical models describing
physical situations in which these types of waves are
present”.

David Nualart (Barcelona). $ochastic Calculus.

differential equation problems, especially the study of
problems in which singularities and interfaces appear
He has worked extensively on average curvature, flow
subject closely allied to PointcaséConjecture.

When and whet to find them:
Talks to be given by these invited speakers at the ICM

2006
-Rafael de la Llave: Some Recent Progress in

One of the most frequently cited Spanish researchers Geometric Methods for the Instability Problem in
at an international level, Nualart is a professor with the Hamiltonian MechanicsAugust 24. 15:00-15:45 (L101)
Department of @tistics at the University of Barcelona -Marcos MarifioTopological $ings and Gromov-
Faculty of Mathematics. He has provided the theoretical Witten InvariantsA Progresss Reporugust 24. 15:00-
basis for finding optimum solutions in a broad family of 15:45 (L202)

control processes, and in 1999 he was awarded the
Iberdrola Prize for Science afféchnology His work
centres on stochastic calculus and stochastic partial
differential equations. “¥ study random curves that are

used for modeling temporary data in economics, physics

and other fields,” Nualart explains. “One of the most
important stochastic processes is Brownian motion,
which is used as an additative or multiplicative
perturbation in diierential equations, leading to
stochastic dferential equations, which in turn are
formalized by means of stochastic calculus &’
guestion of developing classical problems of
mathematical analysis; derivates, integrals, and
differential equations using random functions that in
general are irregulaAmong the problems we analyze is
the existence and uniqueness of the solution to these
equations, and the calculation of the law of probability
at a fixed moment in time”.

Vicente Caselles (Alicante, 1960)

Caselles gained his doctorate in Mathematics at the
University ofValencia and completed many post-grad
courses at digérent international universities. He is
currently professor at the DepartmenfTethnology of
the Pompeu Fabra University in Barcelona. His field is
Applied Mathematics and his talk will be based on the

-Xavier Tolsa:Analytic Capacity Rectifability, and the
Cauchy IntegralAugust 24. 16:00-16:45 B

-Enrigue Zuazua: Control and Numeriésigust 24.
16:00-16:45 (L103)

-Vicent CasellesTotal Variation Based Image
Denoising and RestoratioAugust 25 (L201)

-David Nualart: Fractinal Browinian Motiont&hastic
Calculus and\pplications.August 26. 16:00-16:45
(L201)

-Antonio Ros. Minimal Surfaces and Isoperimetric
ProblemsAugust 28. 16:00-16:4%\

-Francisco SantoJriangulations of Polytopesugust
28. 16:00-16:45 (L202)

-Juan Luisvadzquez. Nonlinear Difision, From
Analysis to Physics and GeometBlenary lecture.
09:00-10:00A

-Juan J. LVelazquez. Mathematical Properties of
Chemotaxis Model#August 30. 16:00-16:4%\

-Luis Vega:The Initial Value Problem for Nonlinear
Schrddinger Equationfugust 29. 15:00-15:4% z
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Highlights of TerenceTao’s work

Terence Tao is a supreme problem-solver whose spectacu-
lar work has had an impact across several mathematical
areas. He combines sheer technical power, an other-worldly

ingenuity for hitting upon new i
point of view that leaves other

deas, and a startlingly natural
mathematicians wondering,

"Why didn't anyone see that before?"

Terence &o

Terence Tao was born in Adelaide, Australia, in
1975. He received his PhD in mathematics in 1996
from Princeton University. He is a professor of
mathematics at the University of California, Los
Angeles. Among his distinctions are a Sloan
Foundation Fellowship, a Packard Foundation
Fellowship, and a Clay Mathematics Institute Prize
Fellowship. He was awarded the Salem Prize (2000),
the American Mathematical Society (AMS) Bocher
Prize (2002), and the AMS Conant Prize (2005, jointly
with Allen Knutson).

In his Fields Medal citation it states that "For his
contributions to partial diérential equations,
combinatorics, harmonic analysis and additive number
theory"

At 31 years of agelao has written over 80 research
papers, with over 30 collaborators, and his interests range
over a wide swath of mathematics, including harmonic
analysis, nonlinear partial #frential equations, and

combinatorics. "l work in a number of areas, but |
don't view them as being disconnected," he said in an
interview published in the Clay Mathematics Institute
Annual Report. "l tend to view mathematics as a
unified subject and am particularly happy when | get
the opportunity to work on a project that involves
several fields at once".

Because of the wide range of his accomplishments,
it is difficult to give a brief summary dfao's oeuvre.

A few highlights can give an inkling of the breadth
and depth of the work of this extraordinary
mathematician.

The first highlight isTao's work with Ben Green, a
dramatic new result about the fundamental building
blocks of mathematics, the prime numbers. Green
andTao tackled a classical question that was
probably first asked a couple of centuries ago: Does
the set of prime numbers contain arithmetic
progressions of any lengtin "arithmetic
progression” is a sequence of whole numbers thirdif
by a fixed amount: 3, 5, 7 is an arithmetic progression of
length 3, where the numbersfdif by 2; 109, 219, 329,
439, 549 is a progression of length 5, where the numbers
differ by 110. A big advance in understanding arithmetic
progressions came in 1974, when the Hungarian
mathematician Emre Szemeredi proved that any infinite
set of numbers that has "positive density" contains
arithmetic progressions of any lengghset has positive
density if, for a sufciently large number n, there is
always a fixed percentage of elements of {1, 2, 3, ... n}
in the set. Szemeredi's theorem can be seen from
different points of viewand there are now at least three
different proofs of it, including Szemeredi's original
proof and one by 1998 Fields Medallstmothy Gowers.
The primes do not have positive denséty Szemeredi's
theorem does not apply to them; in fact, the primes get
sparser and sparser as the integers stretch out towards
infinity. RemarkablyGreen andao proved that, despite
this sparseness, the primes do contain arithmetic
progressions of any lengtAny result that sheds new
light on properties of prime numbers marks a significant



advanceThis work
shows great originality
and insight and
provides a solution to
a deep, fundamental,
and dificult problem.

Another highlight of
Tao's research is his
work on the Kakeya
Problem, which in its
original form can be
described in the
following way.
Suppose you have a
needle lying flat on a
plane. Imagine the
different possible
shapes swept out whe
you rotate the needle
180 degrees. One
possible shape is a
half-disk; with a bit
more care, you can perform the rotation within a quarter
disk. The Kakeya problem aské/hat is the minimum
area of the shape swept out in rotating the needle 180
degreesThe surprising answer is that the area can be
made as small as you like, so in some sense the
minimum area is zero.

The fractal dimension of the shape swept out provides
a finer kind of information about the size of the shape
than you obtain in measuring its ar@aundamental
result about the Kakeya problem says that the fractal
dimension of the shape swept out by the needle is
always 2.

Imagine now that the needle is not in a flat plane, but
in n-dimensional space, where n is bigger thafh2 n-
dimensional Kakeya problem askghat is the minimum
volume of an n-dimensional shape in which the needle
can be turned in any directioAhalogously with the 2-
dimensional case, this volume can be made as small as
you like. But a more crucial question What can be
said about the fractal dimension of this n-dimensional
shape? No one knows the answer to that questiua.
technique of the proof that, in the 2-dimensional plane
the fractal dimension is always 2, does not work in
higher dimensionsThe n-dimensional Kakeya problem
is interesting in its own right and also has fundamental
connections to other problems in mathematics in, for
example, Fourier analysis and nonlinear waVesence
Tao has been a major force in recent years in
investigating the Kakeya problem in n dimensions and in
elucidating its connections to other problems in the field.

Another problenirao has worked on is understanding
wave mapsThis topic arises naturally in the study of
Einstein's theory of general relativityccording to which
gravity is a nonlinear wave. No one knows how to solve
completely the equations of general relativity that
describe gravity; they are simply beyond current
understanding. Howevgethe equations become far
simpler if one considers a special case, in which the

Terence @o:"l view mathematics as a unified subject”

equations have
cylindrical symmetry
One aspect of this
simpler case is called
the "wave maps"
problem, andrao has
developed a program
that would allow one to
understand its solution.

While this work has
not reached a definitive
endpoint,Tao's ideas
have removed a major
psychological obstacle
by demonstrating that
the equations are not
intractable, thereby
causing a resgence of
interest in this problem.

A fourth highlight of
Tao's work centers on
the nonlinear
Schroedinger equations. One use of these equations is to
describe the behavior of light in a fiber optic cablgo's
work has brought new insights into the behavior of one
particular Schroedinger equation and has produced
definitive existence results for solutions. He did this
work in collaboration with four other mathematicians,
James ColliandeMarkus Keel, Gigliola &ffilani, and
Hideo Takaoka.Together they have become known as
the "I-team", where "I" denotes manyfdifent things,
including "interaction"The word refers to the way that
light can interact with itself in a medium such as a fiber
optic cable; this self-interaction is reflected in the
nonlinear term in the Schroedinger equation that the
team studiedThe word "interaction" also refers to
interactions among the team members, and indeed
collaboration is a hallmark dfao's work. "Collaboration
is very important for me, as it allows me to learn about
other fields, and, conversely share what | have learnt
about my own fields with others," he said in the Clay
Institute interview"It broadens my experience, not just
in a technical mathematical sense, but also in being
exposed to other philosophies of research and
exposition."

These highlights ofao's work do not tell the whole
story. For example, many mathematicians were startled
whenTao and co-authdkllen Knutson produced
beautiful work on a problem known as Horn's conjecture,
which arises in an area that one would expect to be very
far fromTao's expertiselhis is akin to a leading
English-language novelist suddenly producing the
definitive Russian novellao's versatilitydepth, and
technical prowess ensure that he will remain a powerful
force in mathematics in the decades to come.
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The Poincaré Conjectue is finally proven, says Hamilton

Richard Hamilton (University of Columbia, New York, USA)
finished his plenary lecture yesterday, the first of the
ICM2006, by saying that he felt incredibly happy and enor-
mously grateful to Grisha Perelman for finishing his work:“In
this way we actually get a proof of the Poincaré Conjecture”

w /{ il ) m )

In May 2003 Perelman startled the mathematical world
by posting on a preprint archive three papers that

appeared to contain a proof of the Poincaré Conjecture assgme points even Perelman himself employs the term

well as theThurston Geometrization Conjecture, a more

Hamilton said that he had a “profound admiration” for
Perelmars work, and that he would be “delighted to
work with him in the future”. He said that he had met
Perelman personallpput he was not prepared to comment
on Perelmars refusal to accept the Fields Medal
conferred on him oifuesday at the ICM2006. Howeyer
Hamilton did say that “it is not fair to criticize his
position”.

Hamilton was also asked abut the Chinese
mathematicians Xi-Ping Zhu, from the University of
Zhongshan (Canton, China), and Huai-Dong Cao, from
the Lehigh University in Pennsylvania (USA), who last
June published a paper in thsian Journal of
Mathematics. In the abstract of this paper the authors
state that they present “a complete proof of the Poincaré
and Geometrization Conjectures”. Hamilton is sure that
“there is no controversy” because both mathematicians
are “great researcher&iccording to Hamilton, the
controversy surrounding the proof of Poincaré’
Conjecture was caused by the press. He went on to say
that Perelmass’ work “is dificult to understand” and at

“sketch”. “A sketch is an invitation to complete a finished

far-reaching statement that actually contains the Poincaré work, to find a way of doing it betteBut no criticism is
Conjecture as a special case. In the three and a half yearsimplied in this, only the wish to help to solve a problem.

since Perelman made his papers public, mathematicians
all over the world have worked hard to understand and
verify his work, and no serious errors have been found.
Hamilton’s statement at the end of his lecture could be
understood as a confirmation that Poincaf@dnjecture
has finally been proven. Hamilton is one of the experts
who has not only analyzed Perelmawork but has also
developed the tool that was essential for the Russian
mathematiciars proof — a technique called Rucci Flow
In his statements to the press, Hamilton said that

There is no controversy involved. Grisha is a model of
decorum and there is no dispute about who did what”.

At the ICM2006 there is also John Man (Columbia
University, NewYork, USA), who together with Gang
Tian (Princeton UniversityJSA), has written a book
presenting a complete account of the proof of the
Poincaré Conjecture based on PerelméieasThe book
is available on the web and has been submitted for
publication.

Other key players contributing to the understanding and

Perelman had “overcome the last obstacle to the Poincaréveriﬁcation of Perelmass’ work include Bruce Kleiner

Conjecture”, but that he preferred to see the proof of the
conjecture as “the work of many mathematicians over a
long period of time”. “The proof of the Poincaré

(Yale University New Haven, USA) and John Lott
(University of Michigan, USA) who, shortly after
Perelmars papers appeared, started a web page in which

Conjecture is a problem people have been working on for they presented their notes on the papers as they worked

a long time, and many have made a contribution”.

Hamilton began working on this problem thirty years
ago, but he became “stuck”. Nptwowever he admits in
a jovial tone, “I look back and wonder why | ditin’
manage to solve it".

carefully through them. In May 2006, Kleiner and Lott
posted on a preprint archive a paper containing their
complete notes, and have submitted this paper for
publication in a journal.
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In a highly technical lecture given by professor Richard
Hamilton from the University of Columbia, he began
with the well-known idea of using Ricci flow (Hamilton
program) for evolving metrics over a 3-manifold variety
to arrive at a stationary solution belongingrtoirstons
list (thus proving the Geometrization Conjecture).
Hamilton provided a quick overview of his most
important results in the study of the evolution of a variety
by Ricci flow: the existence of a solution, bounds of the
curvature and its derivates, Harnack inequalities,
compactness theorem for flows, etc..

In his talk, Hamilton mentioned the fidulties he had
encountered in completing the prodhey consisted of
the possible formation of singularities in finite time in the

solutions to the equation (collapse phenomena). Hamilton

achieved results on the classification of singularities and
provided a good definition of Ricci flow with gery in

dimension 4, thus carrying out a vital part of the work
required to complete the proof. During his lecture,
Hamilton referred to the fact that much of Perelman’
work (good definition of flow with sgery in 3-
manifolds, collapse, kappa solution density theorem,
theorem of the canonical neighbourhood, etc.) had
enabled the last di€ulties in the Hamilton program to be
overcome to arrive at a solution to the Geometrization
Conjecture. Hamilton also took pains to simplify some of
the points in Perelmasmiwork, avoiding the use of
Aleksandrov spaces, an enormouslyidifit technique
but one well-known to Perelma#t the conclusion of his
talk, Hamilton expressed his thanks to Perelman for all
his work.
Mario Garcia Fernandez
Becario Pedoctoral del CSIC
\oluntario ICM 2006
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Maths for the Masses

by Marcus du Sautoy

One of the books that excited me as a child about the
mysterious and romantic world of mathematics was
Hardy'sA Mathematician'é&\pology. As an adult it is a
book I love and hate because it comes with a very mixed
messageAnyone who wants to emulate Hardy and bring
the subject alive for others lives under the spectre of the
opening sentence of the book:

"It is a melancholy experience for a professional
mathematician to find himself writing about mathematics.
The function of a mathematician is to do something, to
prove new theorems, to add to mathematics, and not to
talk about what he or other mathematicians have done."

And this is the impression that many in the
mathematical community have: anyone who talks about
mathematics is a failed mathematician. So it was with a
lot of trepidation that |
made my own first steps to
bring mathematics to the
masses.

In 1994 | wrote a piece
for the LondoriTimes about
the Fields Medals which
had been awarded that
summer and had got no
press coverage in the UK.

This was before Matt
Damon had made the
Medals famous in Good
Will Hunting. It went out in
December 1994 under the
banner "Why doesn't maths
have mass appeal?”
Since those first beginnings | have written numerous

they are closing mathematics departmehit® next
generation of mathematicians depends on the current
generation telling them why the subject is so exciting.
But our audience should not just be the young. It is
politicians and business that hold the money and the
power They will not value our subject if we don't show
them it is important.

One has to be proactive if you want news coverage.
This year there was extensive reporting in the UK for the
Fields medals and the Perelman st@&wt it didn't come
from no where. | rang the Guardian and the BBC and
other news outlets to warn them about the upcoming
news storylf we don't sell them the stories, journalists
are not going to come looking for theithe IMU in
conjunction with national research councils might

sensibly look to establish a
network of mathematical
ambassadors in each of its
member countries who could
play the same role that | tried to
do this year in the British media.
In the UK the need to have
scientists who can communicate
their subject to society has been
recognised. | have a grant from
my research council that goes to
my department in Oxford to pay
for someone else to do my
teaching so that | have that time
freed up to do media work.
Research councils have to be
proactive in encouraging people
to communicate rather than expecting them to do it in

articles about mathematics for the broadsheet newspaperstheir spare time, time which is already running in the

including a piece on why Beckham chose the 23 shirt to
play in for Real Madrid
(http://plus.maths.ayissue26/features/sautoy/). | also
started doing radio work culminating in a series for the
BBC called Five Shapes which | wrote and presented
(http://mww.bbc.co.uk/radio4/science/fiveshapes.shtml).

negative.

It is quote from the Opening address of the 1952 ICM
that | would prefer to be remembered rather than Hardy's
melancholy message. Oswaldblen opened the congress
by saying:

"Mathematics is terribly individuaAny mathematical

The real breakthrough in recent years has been crackincact, whether of creation or apprehension, takes place in

television's fear of doing mathematics. Last summer |
made an hour long documentary for the BBC about the
Riemann Hypothesis based on my bddlke Music of the
Primes.Thanks to CGI décts, | realised a lifelong dream
to walk through Riemann's zeta function. OthErwork
includes: a movie about Euclid's proof of the infinity of
primes using my football team who, inspired by the
galacticos in Real Madrid, all play in prime numbers
(http:/imww.spiked-
online.com/Sections/Science/ScienceSurvey/fiims.shtml);
4 films for teachers (http://ww¥eachers.tv/series/4289);
and I'm currently preparing 5 one hour programmes that
will be broadcast on national television over Christmas.
Why should we take the time to communicate to a
broader audience? Our subject dies without new people
coming into the subject. Some countries have seen
student numbers in mathematics declining so much that

the deepest recesses of the individual mind. Mathematical
thoughts must nevertheless be communicated to other
individuals and assimilated into the body of general
knowledge. Otherwise they can hardly be said to exist.”

We are all involved in telling stories of our
mathematical discoverie$hat is what this ICM is about.
But let us be proud of our subject and share our stories
beyond the confines of the ivory tower of the IGM.
recent survey in the New Scientist indicated that readers
wanted more maths stories. It is the mathematicians who
are best placed to tell those stories.

Marcus du Sautgyprofessor of mathematics at the
University of Oxford, is taking part in the EMU Round
Table debate: Should mathematicians care about
communicating to broad audiencéd®eory and Practice.
He is also presenting his research toAhlyebra Section
at 16:00 on 26tAugustz



New blood for mathematics

If we had to trust someone to decide how to connect
the ascending aorta with the right pulmonary artény
last person we would think of would be a mathematician.
However if that mathematician werslfio Quarteroni,
we might well feel reassured. Furthermore, if we know
that this connection would enable the blood supply of
newborn babies sf#ring from univentricular heart
malformation to be oxygenated, we might well be
interested in findng out whalfio Quarteroni is and what
he has achieved.

Quarteroni teaches at the Polytechnic Institute in Milan,
is scientific director of the MOX Laboratory of Modeling
and Scientific Calculus, and is professor at the Ecole
Polytechnique Fédérale in Lausanne.Aigust 22nd,
this Italian in his fifties delivered the second plenary
lecture at the ICM2006, and the following day gave a
press conference to explain his current avenues of
research, one of which is the construction of a
cardiovascular model.

The construction of this model is based on data
obtained by magnetic resonance from a real patient and

constantly changing.

This highly detailed study of blood circulation can be
carried out locallyHowever in order to take into account
the rest of the circulatory system it is advisable to change
dimension.The system can be considered overall by
working with the Eulerian model in one dimension, and
by going to zero dimensions one arrives at the capillary
level (with a linear system of ODEs and a representation
similar to an electrical circuit).

Quarteroni is deeply involved in several research
projects with direct applications such as that described
above: the treatment of cerebral aneurysms, and the study
of “Drug Eluting Sents”, tubes through which drugs can
be administered directly to the blood vessels.

At the end of his lecture, Quarteroni pointed out the
practical uses of his work, thanks to which it is possible
to arrive at a greater understanding of human physiplogy
since they constitute a tool in therapeutigsuay as well
as for defining indicators such #$SS (Wall Shear
Stress), a means of measuring the risk of atherosclerosis,
a stage of arteriosclerosis (hardening of the arteries)

concludes with the generation of a three-dimensional grid characterized by the deposit of fatty material. Perhaps
that models part of the blood vessels that must be studiedsome doctors (and some mathematicians) might be

with greater precisiorThis model is continually
compared with experiments carried out in vivo and in
vitro, such as those described in the relevant literature.
The next step is to study how the blood behaves as a
fluid within this model.The point of departure for this
process is the Navietokes equations. Nevertheless, the
model must also take into account the red corpuscles,
leucocytes and platelets in the blood, particularly if the
blood vessel is fine. It is for this reason that the density
and viscosity of the blood dependdaly on which point
is taken, which in turn may change the constitutive
NavierStokes equation (since viscosity depends on
velocity).
A model known aé\LE (Arbitrary Lagrangian
Eulerian) is used to carry out the numerical simulation of
these equations, since the fact that the arterial diameter
during the systolic phase can reach 10% of the diameter
at rest makes neither the Lagrangian nor the Eulerian
models alone appropriate, because the domain is

surprised to know thaW/SsS is the normal derivative of
the tangential flow velocity at the internal vessel walls.
But Quarterons mathematical applications go even
further His studies have provided the means of
determining the ééct of doping in sport on the behaviour
of the blood. In addition, his research into fluids goes
beyond the human body to water and thekdér has also
worked on models of oil spills, on how to improve the
aerodynamic properties of aircraft and in particular how
to reduce their noise levelsnd although he did not
appear on the winnergbdium, he was in chge of the
group that carried out the mathematical simulation of the
Alinghi Team yacht that won the lasinerica’s Cup.
In 2007 inValencia, where the nefimerica’s Cup is
due to be held, we will find out if Quarteroni is still “on
the crest of the wave”.
Robeto Rubio Nufez
CSIC Graduate tBdent
ICM2006 Vlunteer

Erratum
Yesterdays Daily News had the following errors:

Fields MedalistVendelinWerner is of French
nationality and not German as we write in page 7 (in
page 3 we state, correctipat he is French, so we were
also inconsistent...).

The caption of the picture in page 9 referred to
‘Spanish authoritiesAs it appears, the picture shows the
King of Spain, the Spanish Ministry of Science and
Education, John Ball and Carlésdradas. Howeveit

should have shown also Manuel de Leén, President of the
Organising Committee; the Major of Madriéllberto

Ruiz Gallardén; and the President of the Comunidad de
Madrid, EsperanzAguirre.

In page 8 Fields MedaliJerencelao says that “At age
two | tried teaching other kids to count using number
blocks”. We wrote ‘kinds’by mistake.
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Daily News (\érsion en Espanol)

ONCE GRANDES MAEMATI-
COS ESRNOLES

Por primera vez en los 125 afios de historia del
Congreso, un espafiol impartird una de las Conferencias
Plenarias. Pero no es el Unico matematico a cargo de
conferencias. Junto con Juan Luis Vazquez, otros diez
matematicos espafioles participan como conferencian-
tes invitados. He aqui una breve presentacion de ellos.

Juan Luis Vazquez (Oviedo, 1946). Ecuaciones
difusivas no lineales

Es doctor en Matematicas por la Universidad
Complutense e Ingeniero de Telecomunicacion. Algunos
de sus temas al hablar de difusién no lineal son propa-
gacion del calor, contaminacién, hongo nuclear, estudio
de poblaciones o dindmica estelar. Su conferencia ver-
sara sobre ecuaciones con soporte limitado. "Se trata
de leyes que rigen gran parte de la fisica y que se apli-
can a multitud de aplicaciones como el control del tiem-
po o problemas médicos como la resolucién de tumo-
res", explica el matematico.

El denominador comun de sus estudios "las matema-
ticas de los entes que se difunden en grupo (en mogo-
lIén, dice) y ocupan una zona del espacio y tienen cier-
ta densidad". De ahi su aplicacién a particulas, fluidos o
poblaciones. Busca respuesta a preguntas como
sdoénde estan?, ¢cuantos hay?, ¢hacia donde van?,
Jtienden a estabilizarse?

Su investigacion sirve de marco teérico a multiples y
variados problemas de la ciencia, un trabajo minucioso
que puede suponer concentrarse en la misma integral a
lo largo de un afio. "Nosotros somos especialistas en los
conceptos y los célculos que hay detras: las ecuaciones
diferenciales no lineales, los espacios funcionales, la
densidad de masa o de energia, las medidas y las pro-
babilidades, los métodos asintéticos", afirma. Ha sido
presidente de la Sociedad Espafiola de Matematica
Aplicada de 1996 a 1998 y Premio Nacional de
Investigacion en Mateméticas Julio Rey Pastor en 2003.

Marcos Marifio (Santiago de Compostela, 1970).
La teoria de cuerdas

Se doctord en fisica tedrica en su ciudad natal en
1996. Tras realizar estancias de investigacion en Yale,
Rutgers y Harvard, ahora trabaja en el Departamento de
Fisica del CERN, Ginebra, y es profesor asociado en
Lisboa. Su campo de investigacion es la teoria de cuer-
das, el mas ambicioso intento de descripcion del mundo
fisico y de unificacién de las interacciones, incluida la
gravedad. De los ultimos avances en este tema hablara
en el ICM2006.

"Hoy la teoria de las cuerdas sigue siendo la Unica
unificada consistente que conocemos, y a mi entender,
y aunque hay fisicos que no estarian de acuerdo con mi
afirmacion, es la Unica teoria cuantica de la gravedad
consistente”, dice. Respecto a su interrelacion con otras
disciplinas, Marifio considera que la teoria de cuerdas

ha tenido un didlogo muy fructifero con la fisica, estadis-
tica, cosmologia, relatividad general...

Rafael de la Llave. Modelos predictivos

Se licencié en Ciencias Fisicas en la Universidad
Complutense de Madrid, doctorandose en Matematicas
en Princeton en 1983. Investiga modelos predictivos y el
estudio de inestabilidades en sistemas dinamicos.
Desde 1989 trabaja en la Universidad de Tejas en
Austin y colabora con varios grupos en Espafia, espe-
cialmente con el de sistemas dinamicos de Barcelona.

Preguntado por la dificultad de buscar esos modelos
predictivos que investiga, de la Llave afirma que "la
posibilidad de un sistema hacerse ca6tico o no es muy
delicada. Simplemente, cambiar un parametro un poco
puede producir cambios drasticos en las propiedades.
El nivel de inestabilidad de un sistema depende mucho
de detalles nimios o incluso de cual sea el punto de par-
tida", apunta.

Xavier Tolsa (Barcelona, 1966). T eorema Painlevé

Se doctoré en Ingenieria Industrial por la Universidad
Politécnica de Catalunya, simultaneandola con
Matematicas, en la que se licencié en 1994 y se docto-
ré en 1998, bajo la direccién de Mark Melnikov. Tras
unos afos en el extranjero, regresoé a Espafia dentro del
programa Ramén y Cajal y en 2003 fue contratado por
el ICREA como profesor de investigacion. Su resolucion
de dos problemas histéricos, el de Painlevé y el de
Vitushkin, le han valido varios reconocimientos interna-
cionales, como el premio Salem y el de la Sociedad
Matematica Europea.

Tolsa lucha contra uno de los grandes estereotipos de
las matematicas en Espafia: demostrar que quedan
muchas cosas por investigar. Y en esa linea, continda
trabajando en el teorema de Painlevé, donde sigue
investigando cémo generalizar algunos de los resulta-
dos ya obtenidos para la capacidad analitica a dimen-
siones superiores. (Las técnicas desarrolladas para el
caso del plano complejo -en dimension 2- no funcionan
en dimensiones superiores y requieren de nuevas
ideas).

Antonio Ros (Granada, 1958). Superficies minimas
y el problema isoperimétrico

Profesor de la Universidad de Granada, ha centrado
su trabajo en la geometria diferencial. A su alrededor se
ha formado un grupo de especialistas en este campo
que ha conseguido un amplio reconocimiento en todo el
mundo. Como experto en la materia dar4 una conferen-
cia dentro de la seccion de Geometria, y en particular
sobre superficies minimas y el problema isoperimétrico.

Para explicar su trabajo, Ros utiliza como simil una
pelicula de jabdon formada a partir de un soporte de
alambre. Esa seria una "superficie minima". Y comenta:
"Se debe a que la posicion de equilibrio de un sistema
fisico es aquella que minimiza su energia. En el caso de
nuestra pelicula, la energia es el area de la propia
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superficie. Una pompa de jabdn es el objeto cotidiano
mas sencillo que podemos utilizar para construir una
figura esférica. La explicacién de este fendbmeno es la
propiedad isoperimétrica de la espera: la superficie de
menor area de entre todas las que encierran un volu-
men dado".

Enriqgue Zuazua (Eibar , 1961). Control y optimiza -
cién

Es catedratico de Mateméatica Aplicada de la
Universidad Autbnoma de Madrid. Autor de més de 150
articulos publicados en revistas especializadas, su tra-
bajo de investigacion se centra en las ecuaciones en
derivadas parciales, su aproximacion numérica y su
aplicacién en control y optimizacion.

Define control y optimizacion como dos disciplinas
matematicas con un caracter eminentemente multidisci-
plinar y aplicado. Para Zuazua, ambas surgen para dar
respuesta al mismo tipo de cuestiones: hallar la configu-
racion, la planificacion "6ptima" del mecanismo o proce-
so en consideracién. En ese contexto, "6ptimo" equiva-
le a "mejor posible". "Se trata pues de disciplinas de ins-
piracion aplicada, desarrolladas a partir de ideas de la
teoria clasica de las ecuaciones diferenciales y el célcu-
lo de variaciones para dar respuesta a los problemas
gue en su momento la revolucién industrial comenzé a
plantear de manera creciente e imponiendo cada vez
exigencias mas sofisticadas"”, concluye.

Francisco Santos
Triangulaciones de politopos

La conferencia de este profesor de Geometria y
Topologia en la Universidad de Cantabria versara sobre
"Triangulaciones de politopos”, un tema en el que es un
experto internacionalmente. Un politopo es una forma
geométrica equivalente, aunque en cualquier nUmero
de dimensiones, al poligono en el plano (2-D) y el polie-
dro en el espacio (3-D).

Respecto a sus aplicaciones, el matemético destaca
las que tienen sus estudios en topografia, en resolucion
numeérica de ecuaciones de varias variables y en disefio
geométrico. "Para ciertos problemas de geometria com-
putacional se usan algoritmos que buscan una triangu-
lacion é6ptima mediante combinatoria. Ademas, tiene
otras aplicaciones en matemética pura. “Parte de mi tra-
bajo se ha dedicado a explorar las conexiones con geo-
metria algebraica y topologia combinatoria, pero es una
cuestion tan abstracta que resultaria de dificil compren-
sion para el lector medio”, resume.

(V alladolid,  1968).

Luis V ega Gonzalez (Madrid, 1960). Ecuaciones no
lineales de Schrodinger

Se licenci6 como matemético en 1982 en la
Universidad Complutense de Madrid y se doctord, seis
afios después, en la Autdnoma de Madrid. Desde 1993
da clases en la Universidad del Pais Vasco. De sus
investigaciones se derivan multiples trabajos practicos
en telecomunicaciones y mecanica de fluidos.

Su conferencia se centrara sobre un método general
y bastante versatil de resolver ecuaciones no lineales
de Schrodinger, una ecuacion universal que describe,
entre otras cosas, como evolucionan en el tiempo las
ondas dispersivas, es decir, aquellas cuya velocidad

depende de su frecuencia. "En contraposicion a las
ondas electromagnéticas 0 acusticas, la velocidad de
propagacion no esta acotada. Nuestro trabajo hay que
entenderlo como un resultado de estabilidad de muchos
modelos matematicos que describen situaciones fisicas
donde dichas ondas estan presentes”, apunta.

David Nualart (Barcelona). Célculo estocéastico

Es uno de los cientificos que investigan en Espafia
mas citados en el mundo. David Nualart es catedratico
del departamento de Estadistica de la Facultad de
Matematicas de la Universidad de Barcelona. Ha dado
la base tedrica para dar con las soluciones 6ptimas en
una amplia familia de problemas de control de proce-
sos; en 1999 gand el Premio Iberdrola de Ciencia y
Tecnologia. Su trabajo se centra en el calculo estocés-
tico y las ecuaciones diferenciales y en derivadas par-
ciales estocasticas. "Estudiamos curvas aleatorias que
se utilizan para modelizar datos temporales en econo-
mia, fisica y otras areas. Uno de los ejemplos mas
importantes de procesos estocasticos es el movimien-
to browniano que se utiliza como perturbacion, aditiva o
multiplicativa, en ecuaciones diferenciales dando lugar
a ecuaciones diferenciales estocésticas, que se formali-
zan mediante el calculo estocastico. Se trata de des-
arrollar los problemas clasicos del andlisis matematico:
derivadas, integrales, ecuaciones diferenciales, utilizan-
do funciones aleatorias que en general son irregulares”,
apunta.

Vicente Caselles (Alicante, 1960)

Doctor por la Universidad de Valencia es profesor del
Departamento de Tecnologia de la Universidad Pompeu
Fabra, de la

Universidad de Barcelona. Trabaja en Matematicas
aplicadas. Su conferencia tendrd como tema principal la
restauracion de imagenes de satélite. Y aunque el obje-
to de su estudio cuenta con importantes adelantos téc-
nicos para restaurar imagenes, el matematico recuerda
que sigue habiendo asuntos por resolver como la res-
tauracion de imagenes comprimidas o de imégenes
cuyo desentralazado es irregular debido a las vibracio-
nes de los satélites. Caselles busca la solucién de algu-
nos problemas relacionados con la fusion de las image-
nes de baja resolucién. En el campo del videoprocesa-
miento y del cine digital han desarrollado una serie de
algoritmos que desentrelazan el video, restauran pelicu-
las, simula n luz de dia en grabaciones nocturnas y
corrige los colores.

Juan Luis Lépez V elazquez (Madrid, 1964)

Licenciado en Fisicas y doctorado en Mateméticas
por la Complutense es catedratico de Matematicas en la
misma universidad. En el Congreso hablara sobre los
resultados matematicos que se han obtenido para el
sistema de ecuaciones de Keller-Segel. Ha centrado
sus estudios en el comportamiento de las soluciones de
diversos problemas de ecuaciones diferenciales, y en el
estudio de problemas en los que aparecen singularida-
des e interfases. Cuenta con un importante trabajo
sobre el flujo de la curvatura media, muy relacionado
con la conjetura de Poincaré.
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Ddénde, cuando y de qué hablaran

-Rafael de la Llave: Some recent progress in geome-
tric methods for the instability problem in Hamiltonian
mechanics, August 24, 15:00-15:45 (L101)

-Marcos Marifio: Topological strings and Gromov-
Witten invariants: a progresss report, August 24. 15:00-
15:45 (L202)

-Xavier Tolsa: Analytic capacity, rectififiability, and the
Cauchy integral. August 24. 16:00-16:45 B

-Enrique Zuazua: Control and numerics. August 24.
16:00-16:45 (L103)

-Vicent Caselles: Total variation based image denoi-
sing and restoration. August 25 (L201)

-David Nualart: Fractinal Browinian motion: stochastic
calculus and applications. August 26. 16:00-16:45
(L201)

-Antonio Ros. Minimal surfaces and isoperimetric pro-
blems. August 28. 16:00-16:45. A

-Francisco Santos. Triangulations of polytopes.
August 28. 16:00-16:45 (L202)

-Juan Luis Vazquez. Nonlinear diffusion, from analysis
to physics and geometry. Plenary lecture. 09:00-10:00.
A

-Juan J. L. Velazquez. Mathematical properties of
chemotaxis models. August 30. 16:00-16:45. A

-Luis Vega: The inicial value problem for nonlinear
Schrddinger equations. August 29. 15:00-15:45. A z

MEDALLA FIELDS TERENCETAO

"Por sus contribuciones a las ecuaciones en deriva-
das parciales; combinatoria; anélisis harménico; y teoria
de ndmeros aditiva”

Terence Tao es un gran resolvedor de problemas cuyo
espectacular trabajo ha tenido gran impacto en diversas
areas de las matematicas. Tao combina una enorme
potencia técnica, una originalidad del todo fuera de lo
comun para abordar nuevas ideas y un punto de vista
de una espontaneidad que deja a los deméas matemati-
cos desarmados, preguntandose “¢,Y como nadie lo
habia visto hasta ahora?”.

A sus 31 afios Tao ha escrito mas de 80 trabajos de
investigacion, con mas de 30 colaboradores. Sus intere-
ses abarcan una amplia franja de las mateméticas,
incluyendo analisis harmonico, ecuaciones en deriva-
das parciales no lineales y combinatoria. “Trabajo en
muchas areas, pero no las considero desconectadas”,
declaré Tao en una entrevista publicada en la Memoria
Anual del Instituto Clay de Matematicas. “Tiendo a ver
las matematicas como un tema Unico, y me siento espe-
cialmente feliz cuando tengo la oportunidad de trabajar
en un proyecto que implica varios campos a la vez”.

Dado el amplio rango de sus hallazgos, es dificil resu-
mir la obra de Tao. Una breve seleccion de sus logros
puede acaso dar una idea de la amplitud y la profundi-
dad del trabajo de este extraordinario matematico.

En primer lugar esta la colaboracién de Tao con Ben
Green, que ha dejado un importante resultado sobre los
‘ladrillos fundamentales’ de las matematicas, los nime-
ros primos. Green y Tao abordaron un problema clésico
que probablemente fue planteado por primera vez hace

varios siglos: ¢ Contiene el conjunto de nimeros primos
progresiones aritméticas de cualquier longitud? Una
‘progresion aritmética’ es una secuencia de ndmeros
enteros que difieren en una cantidad fija: 3, 5, 7 es una
progresion aritmética de longitud 3, donde los nimeros
difieren en 2; 109, 219, 329, 439, 549 es una progre-
sion de longitud 5, donde los nimeros difieren en 110.
En 1974 se produjo un gran avance en la comprension
de las progresiones aritméticas, cuando el matematico
hangaro Emre Szemeredi demostré que cualquier con-
junto infinito de nimeros que tenga ‘densidad positiva’
contiene progresiones aritméticas de cualquier longi-
tud. Un conjunto tiene densidad positiva si, para un
namero n suficientemente grande, hay siempre un por-
centaje fijo de elementos {1, 2, 3, ... n} en el conjunto.
El teorema de Szemeredi puede ser visto desde dife-
rentes puntos de vista, y ahora esta demostrado al
menos de tres maneras distintas, incluyendo la prueba
original de Szemeredi y una de Timothy Gowers, meda-
lla Fields 1998.

Los nameros primos no tienen densidad positiva, asi
que el teorema de Szemeredi no es aplicable a ellos. De
hecho, los nimeros primos se vuelven cada vez mas
escasos a medida que los nuimeros enteros tienden
hacia el infinito. En un relevante hallazgo, Green y Tao
han demostrado que, a pesar de su escasez, los primos
si contienen progresiones aritméticas de cualquier lon-
gitud. Cualquier resultado que arroje luz sobre las pro-
piedades de los nimeros primos es un avance muy sig-
nificativo. Este trabajo muestra gran originalidad y capa-
cidad de visién, y proporciona una solucion a un proble-
ma profundo, fundamental y dificil.

Otro de los hallazgos destacables de Tao es su traba-
jo en el problema de Kakeya, que en su forma original
puede describirse de la siguiente manera. Supongamos
que tenemos una aguja descansando sobre un plano.
Imaginemos todas las posibles formas que aparecen al
hacer girar la aguja 180 grados. Una posible forma es
un medio disco; con un poco mas de cuidado se puede
hacer un giro de un cuarto de disco. El problema de
Kakeya pregunta: ¢Qué superficie ocupa la minima
forma que se puede obtener al girar la aguja 180 gra-
dos? La sorprendente respuesta es que el area puede
hacerse tan pequefia como se desee, asi que en cierto
sentido el &rea minima es cero.

La dimensién fractal de la forma trazada por la aguja
proporciona un tipo de informacién mas fina, respecto al
tamafio y la forma, de la que se obtiene midiendo la
superficie. Un resultado fundamental del problema
Kakeya dice que la dimension fractal de la forma que
traza la aguja es siempre 2.

Imaginemos ahora que la aguja no esta sobre un
plano, sino en un espacio de n dimensiones, donde n es
mayor que 2. El problema de Kakeya n-dimensional pre-
gunta: ¢Cual es el volumen minimo de una forma n-
dimensional en la que la aguja puede ser girada en
cualquier direcciéon? De forma andloga al caso de dos
dimensiones, este volumen puede ser tan pequefio
como se quiera. Pero una cuestion mucho mas crucial
es: ¢ Qué puede decirse de la dimensién fractal de esta
forma n-dimensional? Nadie conoce la respuesta a esta
pregunta. La técnica de la demostracion de que en un
plano de dos dimensiones la dimension fractal es siem-
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pre 2 no es valida para méas dimensiones. El problema
de Kakeya n-dimensional es interesante en si mismo y
tiene ademds conexiones fundamentales con otros pro-
blemas en mateméticas, por ejemplo en andlisis de
Fourier y ondas no lienales. En los ultimos afios Terence
Tao ha sido uno de los principales investigadores del
problema de Kakeya n-dimensional, y de sus conexio-
nes con otros problemas en el campo.

Tao ha trabajado también en la comprension de mapas
de ondas. Este asunto emerge de forma natural en el
estudio de la teoria de la Relatividad General de
Einstein, que dice que la gravedad es una onda no line-
al. Nadie sabe como resolver completamente las ecua-
ciones de la relatividad general que describen la grave-
dad; estan, simplemente, méas alla del grado actual de
comprension. Sin embargo, las ecuaciones se vuelven
mucho més simples si se considera un caso especial en
el que las ecuaciones tienen simetria cilindrica. Un
aspecto de este caso méas simple recibe el nombre de
problema de “mapas de onda”, y Tao ha desarrollado un
programa que permitiria entender su solucion. El trabajo
no ha llegado a una conclusion definitiva, pero las ideas
de Tao han eliminado un obstaculo psicolégico importan-
te al demostrar que las ecuaciones no son inabordables.
Asi, el interés en este problema ha resurgido.

Un cuarto desarrollo destacable de Tao se centra en
las ecuaciones no lineales de Schréringer. Estas ecua-
ciones se usan, entre otras cosas, para describir el
comportamiento de la luz en un cable de fibra dptica. El
trabajo de Tao ha arrojado luz sobre el comportamien-
to de una ecuacién de Schréringer en particular y ha
producido resultados definitivos de existencia de solu-
ciones. Este trabajo ha sido realizado en colaboracion
con otros cuatro matematicos: James Colliander,
Markus Keel, Gigliola Staffilani, y Hideo Takaoka. El
grupo ha llegado a ser conocido como el “equipo I,
donde la | denota muchas cosas distintas —entre ellas,
‘interaccion’-. El término se refiere a la forma en que la
luz puede interaccionar consigo misma en un medio
como el cable de fibra dptica; esta auto-interaccion esta
reflejada en el término no lineal en la ecuacion de
Schroringer estudiada por el equipo. El término ‘inter-
accion’ se refiere también a las interacciones entre los
miembros del grupo; en efecto, la colaboracion es el
‘sello de la casa’ de Terence Tao. “La colaboracion es
muy importante para mi, porque me permite aprender
sobre otros campos y, a la inversa, compartir con otros
lo que he aprendido en mis propios campos de traba-
jo”, declaré en la entrevista para el Instituto Clay.
“Amplia mi experiencia no sélo en el sentido matemati-
co técnico, sino también porque me expone a otras filo-
sofias de investigar y exponer”.

Pero la historia no acaba con este resumen del traba-
jo de Tao. Por ejemplo, muchos matematicos se sor-
prendieron mucho cuando Tao y Allen Knutson produje-
ron un bello trabajo sobre un problema conocido como
la conjetura de Horn, que aparece en un area que
cabria esperar muy alejada de la experiencia de Tao.
Viene a ser algo equiparable a que un novelista britani-
co de primera fila publique de repente una novela rusa
que se convierta en best-seller. La versatilidad, profun-
didad y capacidad técnica de Tao permiten asegurar
gue seguira siendo un potente investigador en matema-

ticas en las décadas venideras.

DATOS BIOGRAFICOS

Terence Tao nacié en Adelaide, Australia, en 1975.
Obtuvo el grado de doctor en matematicas en 1996 en
la Universidad de Princeton. Es profesor de mateméti-
cas en la University of California, Los Angeles. Entre sus
distinciones se cuentan premios de la Sloan
Foundation, Packard Foundation, Clay Mathematics
Institute. En 2000 recibi6 el premio Salem; en 2002 el
premio Bocher de la American Mathematical Society; y
en 2005 el premio Conant (junto con Allen Knutson) de
la American Mathematical Society. z

RICHARD HAMILTON

Richard Hamilton (Universidad de Columbia, Nueva
York, EEUU) finaliz6 ayer su conferencia plenaria, la pri-
mera del ICM2006, diciendo que se sentia “increible-
mente feliz de que Grisha Perelman haya realizado todo
su trabajo”, que finalmente logra demostrar la conjetura
de Poincaré. “In this way we actually get a proof of the
Poincaré Conjecture”.

En mayo de 2003, Perelman asombré a la comunidad
matematica colgando en la Web tres trabajos que pare-
cian contener la demostracion de la conjetura de
Pointcaré. En los tres afios y medio posteriores, mate-
maticos de todo el mundo se han esforzado por enten-
der y comprobar este trabajo, y no han encontrado en él
ningun error.

La declaracion de Hamilton al cierre de su charla
podria entenderse como una confirmacion de que final-
mente la conjetura de Poincaré se ha demostrado.
Hamilton es uno de los expertos no sélo que ha analiza-
do el trabajo de Perleman, sino que ha desarrollado la
herramienta que ha resultado central para el trabajo del
matematico ruso —una técnica llamada ‘flujo de Ricci’-.

En declaraciones a periodistas Hamilton sefialé que
Perelman ha “resuelto el dltimo escollo [que llega a la
prueba] de la conjetura de Poincaré”, pero que prefiere
ver la demostracion de la conjetura como “el trabajo de
muchos mateméticos durante mucho tiempo”. “La
demostracion de la conjetura de Poincaré es un proble-
ma en que la gente lleva trabajando durante mucho
tiempo, y muchos han aportado su trabajo”.

El propio Hamilton empezé a trabajar en esto hace
treinta afos, segun explico, pero se quedo “atascado”.
Ahora, confiesa en tono jocoso, “miro atras y me pre-
gunto por qué no logré resolverlo”.

Hamilton aseguré que “admira profundamente” el tra-
bajo de Perelman y que estaria “encantado de trabajar
con él en el futuro”. Dijo que se habian encontrado (“We
have met”). No quiso comentar el hecho de que
Perelman no haya aceptado la medalla Fields que le ha
sido concedida hoy en el ICM2006, pero dijo que “no es
justo criticar su postura”.

Hamilton también fue preguntado por los mateméaticos
chinos Xi-Ping Zhu, de la Universidad de Zhongshan
(Canton, China), y Huai-Dong Cao, de la Lehigh
University in Pennsylvania (EEUU), que el pasado mes
de Junio publicaron un trabajo en la revista Asian
Journal of Mathematics. En el abstract de dicho trabajo
se afirma que presenta “a complete proof of the
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Poincaré and Geometrization Conjectures”. Hamilton
aseguré que “no hay ninguna controversia” porque
ambos matematicos son “dos grandes investigadores”.
La polémica entorno a la autoria de la desmotracién de
la Conjetura asegurd, fue provocada por periodistas.
Hamilton explic6 que el trabajo de Perelman “es dificil de
entender” y que el propio Perelman usa en algunos
momentos el término “sketch”. “Y un esbozo es una invi-
tacion a trabajar para completarlo, a buscar una manera
de hacerlo mejore. Pero no hay ninguna voluntad de cri-
ticismo en ello, s6lo de ayudar a resolver un problema.
No hay ninguna controversia. Grisha es un modelo de
decoro y no hay disputa alguna sobre quién hizo qué”.

En el ICM2006 estard también John Morgan
(Columbia University, New York, USA), quien junto con
Gang Tian (Princeton University, USA), ha publicado
una revision completa de la demostracion de la
Conjetura de Poincaré basada en las ideas de
Perelman. Su libro esta disponible en la web y se espe-
ra su publicacién en breve.

Otros actores claves en la tarea de comprender y
comprobar el trabajo de Perelman son Bruce Kleiner
(Yale University, New Haven, USA) y John Lott
(University of Michigan, USA). Poco despues de la apa-
ricién de los articulos de Perelman estos expertos inicia-
ron una pagina web en la que exponian su revision de
estos articulos a medida que la realizaban. En Mayo de
2006, Kleiner y Lott colgaron en la web un articulo que
contenia sus notas completas, articulo que ha sido
enviado para su publicacion.

CONFERENCIA PLENARIA EN EL ICM2006

En una conferencia muy técnica el profesor Richard
Hamilton de la universidad de Columbia comenzé expo-
niendo su bien conocida idea de utilizar el flujo de Ricci
(programa de Hamilton) para evolucionar métricas
sobre una variedad de dimension 3 hasta llegar a una
solucién estacionaria que pertenezca a la lista de
Thurston (probando asi la Conjetura de
Geometrizacion). Hamilton hizo una exposicién rapida
de sus resultados méas importantes en el estudio de la
evolucién de una variedad por el flujo de Ricci: existen-
cia de solucién, acotaciones de la curvatura y sus deri-
vadas, desigualdades de Harnack, teorema de compa-
cidad para flujos, ...

Las dificultades que encontr6 Hamilton para comple-
tar la demostracion, comentadas por él durante la char-
la, se centran en la posible formacién de singularidades
en tiempo finito en las soluciones de la ecuacion (fené-
menos de colapso). Hamilton consiguié resultados
sobre la clasificacion de singularidades y dio una buena
definicién del flujo de Ricci con cirugia en dimension 4,
realizando una parte muy importante del trabajo nece-
sario para completar la prueba. Buena parte del trabajo
de Perelman (buena definicion del flujo con cirugia en
dimension 3, colapso, teorema de densidad de kappa
soluciones, teorema del entorno candnico, ...), que ha
logrado salvar las ultimas dificultades del programa de
Hamilton resolviendo asi la conjetura de
Geometrizacion, fue comentado por Richard Hamilton
durante la conferencia. Durante el transcurso de la
misma fue dando claves para simplificar algunos puntos
del trabajo de Perelman evitando asi el uso de los espa-

cios de Aleksandrov, técnica bien conocida por

Perelman aunque de una gran dificultad técnica. Al fina-

lizar la conferencia Hamilton tuvo unas palabras para
Perelman agradeciéndole su trabajo.

Mario Garcia Fernandez

Becario Predoctoral del CSIC, voluntario ICM 2006

MATEMATICAS PARA LAS MASAS

Uno de los libros sobre el misterioso y romantico
mundo de las matematicas que mas me entusiasmaron
de nifio fue Las disculpas de un matematico. Ya de adul-
to, adoro y detesto ese libro al mismo tiempo debido al
mensaje tan ambiguo que transmite. Cualquiera que
desee emular a Hardy y comunicar a otros sus conoci-
mientos sobre el tema se encuentra bajo los efectos del
espiritu que encierra la frase introductoria de la obra:

“A un matemético profesional le resulta bastante triste
verse escribir sobre matematicas. La funcion de un
matematico es hacer algo, demostrar teoremas nuevos,
aportar algo a las mateméticas, y no hablar sobre lo que
han hecho otros matematicos”.

Y esta es la impresion que tienen muchos miembros
de la comunidad matemdtica: cualquiera que se dedi-
que a hablar sobre las matematicas es un mateméatico
fracasado. Por eso, cuando yo di mis primeros pasos
para llevar las matematicas a las masas, lo hice carga-
do de cautela.

En 1994 escribi para el London Times un reportaje
sobre las Medallas Fields, que habian sido otorgadas
ese verano y cuya concesion no habia aparecido en la
prensa britanica. Eso ocurrié antes de que Matt Damon
hiciera famosas las medallas en “El indomable Will
Hunting”. Mi reportaje aparecié en diciembre del 2004
con el titulo “¢Por qué las mateméaticas no gozan de
atractivo popular?”

Desde entonces, he escrito numerosos articulos
sobre matematicas para muchos periddicos de informa-
cion general, incluido uno sobre por qué Beckham eligio
el nimero 23 en su camiseta para jugar en el Real
Madrid (http://plus.maths.org/issue26/features/sautoy/).
También empecé a trabajar en la radio, donde llegué a
escribir y presentar la serie Five Shapes para la BBC
(http://wvww.bbc.co.uk/radio4/science/fiveshapes.shtml).

El mayor éxito de los ultimos afios ha sido vencer el
miedo de la televisién a mostrar matematicas. El pasa-
do verano realicé un documental de una hora para la
BBC sobre la hipotesis de Riemann, basado en mi libro
La masica de los primos. Gracias a los efectos de las
imégenes generadas por ordenador, consegui recorrer
la funcion zeta de Riemann, y hacer asi realidad un
suefio de toda mi vida. Otros trabajos que he realizado
para television son: un documental sobre la prueba de
la infinitud de los primos de Euclides, en la que me servi
de mi equipo de futbol en el que, inspirdndonos en los
galacticos del Real Madrid, todo el mundo juega
con numeros primos (http://www.spiked-
online.com/Sections/Science/ScienceSurvey/films.shtm
I); y cuatro documentales para profesores
(http://www.teachers.tv/series/4289). Ahora mismo
estoy preparando cinco programas de una hora de
duracién, que se emitiran en la television nacional
durante las navidades.
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¢Por qué tenemos que dedicar tiempo a divulgar las
matematicas a un publico mas amplio? Si no va nutrién-
dose con personas nuevas, nuestra disciplina se muere.
Algunos paises han visto como el nimero de estudian-
tes de matematicas se ha reducido de tal forma que
estan cerrando los departamentos de mateméticas. La
proxima generacion de matematicos depende de que la
generacion actual les cuente por qué esta disciplina es
tan apasionante. Pero nuestro publico no deberia ser
so6lo la gente joven. Quienes tienen el dinero y el poder
son los politicos y las empresas, y no valoraran nuestra
disciplina, si no les demostramos lo importante que es.

Quien desea aparecer en los medios ha de tener una
actitud preactiva. Este afio, la cobertura en el Reino
Unido de las medallas Fields y la historia de Perelman
ha sido muy extensa. Pero ha sido asi por casualidad.
Yo llamé al Guardian, la BBC y otros medios para avi-
sarles de que iban a tener interés periodistico. Si no les
vendemos las historias, los periodistas no van a venir a
buscarlas. Seria una actitud muy razonable por parte de
la IMU, en colaboracion con los consejos de investiga-
cion nacionales, intentar establecer una red de embaja-
dores mateméticos en cada uno de los paises miem-
bros, para que desempefiara un papel similar al que yo
intenté poner en practica con los medios britanicos.

En el Reino unido se ha detectado la necesidad de
contar con cientificos que comuniquen su especialidad
a la sociedad. Mi consejo de investigacion me ha con-
cedido una beca que va a mi departamento de la
Universidad de Oxford para pagar a una persona que
me sustituya en mi tarea docente, para que yo tenga
tiempo libre para trabajar en los medios de comunica-
cion. Los consejos de investigacién han de esforzarse
por animar a la gente a comunicar, en lugar de esperar
gue lo hagan en su tiempo libre, que cada vez es
menos.

En lugar del triste mensaje de Hardy, me gustaria mas
gue se recordara la siguiente cita del discurso de aper-
tura del ICM 1952. Oswald Veblen inaugur6 el congreso
con las siguientes palabras:

“Las matematicas son terriblemente individuales.
Cualquier acto matemaético, tanto de creacion como de
comprension, tiene lugar en los rincones mas reconditos
de la mente individual. A pesar de ello, los pensamientos
matematicos han de ser comunicados a otros individuos
y asimilados en el corpus del conocimiento general. Si
no es asi, no podemos decir que existan del todo”.

Todos nosotros estamos implicados en la tarea de
contar historias sobre nuestros descubrimientos mate-
maticos. De eso se trata en este ICM. Pero sinthmonos
orgullosos de nuestra disciplina y transmitamos nues-
tras historias hasta mas alla de los confines de esta
torre de marfil de ICM. Una encuesta realizada hace
poco por el New Scientist demostré que los lectores
desean conocer mas historias sobre matematicas. Y
son los matematicos los mas indicados para contar
esas historias.

Marcus du Sautoy, profesor de matematicas de la
Universidad de Oxford, participa en el debate de la Mesa
Redonda del IMU: ¢Los matematicos deberian preocu-
parse por comunicar a publicos mas amplios? Teoria y
Practica. También presentara su investigacion dentro de
la Seccion de Algebra el 26 de agosto a las 16:00.

SANGRE NUEA PARA LAS
MATEMATICAS

Si tuviéramos que confiar en alguien para decidir
como conectar la arteria aorta ascendente con la arteria
pulmonar derecha, quiza pensariamos en mucha gente
antes que en un matematico, pero si éste es Alfio
Quarteroni, podemos estar mas que tranquilos. Si ade-
mas sabemos que esta conexion se realiza para permi-
tir la oxigenacion de la sangre en recién nacidos afecta-
dos por una malformacién univentricular en el corazoén,
puede que nos interese saber quién es Alfio Quarteroni
y qué ha hecho.

Quarteroni es profesor del Instituto Politécnico de
Milan, director cientifico del Laboratorio de
Modelizacion y Célculo Cientifico MOX y catedrético de
la Escuela Politécnica Federal de Laussane. Este italia-
no, de poco mas de 50 afios, explicd, en la segunda
sesion plenaria del congreso, y en una posterior rueda
de prensa, sus vias de investigacion actuales, entre las
cuales est4 la creacion de un modelo cardiovascular.

La construccion de este modelo se inicia con datos
reales de un paciente a partir de resonancias magnéti-
cas y concluye con la generacién de una malla tridimen-
sional que representa la parte de los vasos sanguineos
gue se quiere estudiar con mayor precision. Este mode-
lo es continuamente comparado con experimentos rea-
lizados tanto in vivo como in vitro.

El siguiente paso es estudiar como se comporta la
sangre, como fluido, en el interior de este modelo. Para
ello el punto de partida son las ecuaciones de Navier-
Stokes. Ahora bien, en el modelo de la sangre no se
puede despreciar la presencia de glébulos rojos, leuco-
citos y plaquetas; especialmente cuando el vaso san-
guineo es fino. De esta forma, la densidad y la viscosi-
dad de la sangre depende mucho del punto que tome-
mos y esto hace que la ecuacion constitutiva de Navier-
Stokes cambie (pues la viscosidad depende de la velo-
cidad).

Para la simulacion numérica de estas ecuaciones se
utiliza el método conocido como ALE (“Arbitrary
Lagrangian Eulerian”), ya que el hecho de que el diame-
tro del vaso sanguineo pueda reducirse hasta el 10% en
la sistole, hace que ni el modelo Lagrangiano ni el
Euleriano sean adecuados, pues el dominio cambia
continuamente. Este estudio tan detallado de la circula-
cion sanguinea se puede hacer localmente. Para consi-
derar la influencia del resto del sistema circulatorio es
conveniente cambiar de dimensién. Trabajando en una
dimension y un modelo Euleriano podemos considerar-
lo de manera global y yendo a dimensién cero llegamos
hasta el nivel capilar (con un sistema linear de EDOs y
una representacion similar a un circuito eléctrico).Todo
este trabajo hace que Quarteroni esté inmerso en varios
proyectos de investigacion con aplicaciones directas
como el descrito en el primer parrafo: el tratamiento de
aneurismas cerebrales, y el estudio de los “Drug Eluting
Stents”, tubos con los que se puede suministrar farma-
cos directamente en los vasos sanguineos.

Roberto Rubio Nufezd
Becario Predoctoral del CSIC, Voluntario ICM 2006
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NOTES OF INTEREST

Catalan Mathematical Society Electronic Publications

PROGRAMME CHANGES
SHORT COMMUNICA TIONS (NEW)

The Catalan Mathematical Society invites to an informal THU 24- 16:05-16:25 SC 6 R403
reception at the booth of the Institut d'Estudis Catalans in the TakashiTsuboi, University offokyo, Tokyo, Japan

Exhibition Area B (stand no. 36)
On Thursday, August 24, 13.00 to 14.00

On the perfectness of theogp of eal analytic
diffeomorphisms

Presentation of the new series of Electronic Publications Chair: Hans Munkholm

launched by the Society in 200Ehe first issues of this series
have now appeared and are on display in the booth.
On Thursday, August 24, 19:30 Room L102 (Paris)

Round table Music and Mathematics. Francisco Guerrero,

Sources, Development and continuity

Shaping New Directions in Mathematics

for Science and Society

Round Table at the ICM 2006

Thu, August 24, 18.00 to 19.3Room L201 (Roma)
Touradj Ebrahimi

Ecole Polytechnique Fédérale de Lausanne, Switzerland
Francisco Marcellan

Secretary-General of Scientific amdchnological Policy
Ministry of Education and Science, Spain

David Terman

Mathematical Biosciences Institute, Ohio, USA

Henry Wynn

London School of Economics, UK

Mina Teicher, Moderator

Emmy Noether Institute, Bdtan University Israel

Carles Casacubeta, Coordinator

Centre de Recerca Matematica, Barcelona, Spain

This RoundTable is oganised by th&dvisory Committee
of the NESTproject Shaping New Directions in
Mathematics for Science and Society of the European
Commission, a two-year initiative (2005 2007) of the CRM
(Barcelona, Spain), the Emmy Noether Institute (Ramat-
Gan, Israel), EURANDOM (Eindhoveiihe Netherlands),
and the IHES (Bures-sifvette, France). Its aim is to pro
mote innovative mathematical research and to attract
researchers into the following topics:

Digital Content Security, Mathematical Neuroscience
Risk Assessment, Systems Biology

THU 24, 17:15 — 17:35 SC 2 R102

Enric Ventura, Universitat Politécnica de Catalunya,
Manresa, Spain

The conjugacy mblem for fee-by-fee goups and orbit
decidability

Chair: Leonid Kurdachenko

THU 24, 18:10-18:30 SC11R202

Yunguang Lu, National University of Colombia,
Bogota, Colombia

Global entopy solutions for a nonstrictly hyperbolic
system

Chair: Julio D. Rossi

THU 24, 18:30 — 18:50 SC11R202

Pablo Braz e Silva, Universidade Federal de
Pernambuco, Recife, Brazil

Some asymptotic ppetties for convection-diffusion
equations

Chair: Julio D. Rossi

THU 24, 18:50 — 19:10 SC 02 R102

Martin Mathieu, Queens$ University Belfast, Belfast,
UK

A multivariable Cayley—Hamilton theam

Chair: Maria Clar&@amburini

THU 24, 18:50 — 19:10 SC 05 R403

Giovanni Calvaruso, Universita degli studi di Lecce,
Italy

g-natural contact metric stictures on unit tangent spher

The Roundrable is addressed to a broad audience, especiallybundles
to researchers in Mathematics with an interest in hearing Chair: Joaquin Pérez

about rapidly developing new specialties with a visible impact

on society Points of debate:

- Current impact of Mathematics on each of the above topics?

THU 24, 19:20 — 19:40 SC 10 R203
JuanArredondo, UniversidadAutbnoma Metropolitana,

- To what extent is the development of Mathematics influ México D. E. Mexico

enced by advances in these topics?

- How can Mathematics achieve a stronger presence in-multi

disciplinary funded programmes?

Organizers

On the flow outside an unstable equilibrium point
Chair: Joan Carlegatjer

MATHEMA TICAL SOFTWARE (MOVED)

Centre de Recerca Matematica, CRM, Barcelona, Spain,Scheduled THU 24, 17:00 —17:25 R401

Coodinator

Emmy Noether Institute, Bdlan University Ramat-Gan,
Israel

EURANDOM, EindhovenThe Netherlands

Institut des Hautes Etudes Scientifiques, IHES, Bures-sur

Yvette, Frane

Joris V an der Hoeven,
has been moved to Mon 28 15:00 — 15:25



