
Funding of 
mathematical 
research in Canada : 
a perspective

 Over the last quarter 
of a century the 
m a t h e m a t i c a l 

landscape at canadian 
u n i v e r s i t i e s  h a s 
drastically changed. 
In terms of research 
ac t i v i t y  one  cou ld 
argue that canadian 

mathematics has never been as strong, as 
diverse and as promising as it is today. I have 
no pretension to claim I know for sure why such 
developments occurred, but on any shortlist of 
factors at least two should be included : the 
emergence of world level research centers 
(BIRS, CRM, Fields and PIMS) and the quality 
of hirings made at our universities over that 
period. These factors share at least two 
features : they both rely on visionary academics 
and administrators and, just as importantly, 
adequate funding. Here is the executive 
summary of my text : to carry on this recent 
progress, canadian universities and NSERC have 
to play a leading role through substantial new 
investments in the mathematical sciences.

University hires represent choices that have 
perhaps the most lasting impact in shaping the 
academic life of a country. It is understood that 
the details of hiring priorities and policies depend 
on circumstances that vary from one university 
to another. But within the current market of 
academic jobs in the world, it can easily be 
argued that canadian universities are not hiring 
enough mathematicians given the overall quality 

of the field. We have a unique opportunity, thanks 
to the overall health of the canadian economy 
relative to our friendly southern neighbour, to 
become an elite nation in mathematical research 
and training by hiring massively in the coming 
years, both at tenure and non - tenure track 
levels. This point should be made over and over 
with university administrators until they get it.

The first indicator of this situation came to my 
attention when looking at the quality of the 
various postdoctoral competitions held in Canada 
each year. I know best the CRM - ISM competition 
as I have had the pleasure to sit on the selection 
committee for three years (2009-2012) as 
director of the ISM : about 300 applicants each 
year for 4 awards, shortlists consisting mainly of 
young stars in their respective areas of research, 
who very often accept a position at CRM and 
when they don’t it’s because they took on an 
Ivy league position or something equivalent. I 
think one would have to be hard pressed to give 
examples of other research fields in Canada 
with a comparable situation. Mathematicians 
should insist that since the field attracts so many 
exciting postdoctoral applications, and since 
funding opportunities through research centers 
and government fellowships are fairly few, it 
should now be the role of individual universities 
to develop adequate postdoctoral programs. So 
far, very few research teams in Canada have the 
possibility of hiring regularly post-docs through 
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Suite à la page 6

 ‘How d id  you  ge t 
i n t e r e s t e d  i n 
mathematics and 

mathematical research’ 
is a question that is often 
asked of a mathematician. 
I t is interesting to note 
the answers of famous 
mathematicians; these vary 
from child prodigies to older 
mature mathematicians. 
Let us look at some of the 
conducive circumstances 
that contributed to early 
maturity in mathematical 
thinking.

For some mathematicians the royal road to mathematics has been 
through solving riders in Euclidean geometry as it was taught in 
high school. Albert Einstein remarked in his autobiography that 
his early exposure to Euclid had a powerful influence on the 
subsequent direction of his life. He called Euclid’s Elements “the 
holy book” and gave it credit for motivating his lifetime interests and 
accomplishments. Such an opportunity arose for Bertrand Russell 
too; he writes in his autobiography that at the age of eleven he 
began Euclid with his brother as a tutor.

Paul Erdös could calculate while only 4 yrs old. At 18 gave a 
new proof that there exists a prime between n and 2n of the 
form 4k +1& 4k+3. Blaise Pascal was a person of frail health 
and because he needed to conserve energy he was forbidden to 
study mathematics! This aroused his curiosity and forced him to 
acquire most of his knowledge of the subject by himself. Thus at 
age of 16 he wrote an essay on conic sections that astounded the 
mathematicians of his time. 

When Sophie Germain was only 13 years old, she was confined to 
her house in Paris due to the political instability surrounding the fall 
of Bastille in July 1789. She had to spend long hours reading in her 
father’s library. The legend of the death of Archimedes in Montucla’s 
History of Mathematics impressed her deeply. She resolved to study 
mathematics.

A natural ability to work out math problems while at school portends 
the making of a mathematician. A few weeks into a Euclidean geometry 
course in which Albert Tucker was a student in an Ontario school, 
the principal gave a test which contained ‘original’ questions, which 

Tucker could answer without knowing that they were ‘originals’; this 
impressed the principal who reported to Albert’s father ‘your son must 
be a math genius.’ Tucker did well in math without trying. Similarly a 
competent teacher recognized that 11 yr old Lipman Bers exhibited a 
talented math mind in class work of cutting out shapes from colored 
paper and putting them together. Further his father inspired him by 
teaching him math induction.

Although Irving Kaplansky’s family thought that he would become a 
concert pianist, Kaplansky knew at a reasonably early age that he 
wanted his career to be in mathematics. His earliest recollection of 
feeling that math might someday be something special was perhaps 
in the fourth grade he showed his arithmetic teacher that squares 
always end in a certain manner. At the age of 13 he perceived patterns 
in perfect numbers and proved his first theorem.

Donald Knuth got very interested in math in his freshman 
year of high school. He drew hundreds of graphs; a typical 
graph would be some function like y = √(ax +b) +√(cx+d); 
fix b,c,d and vary a in order see what would happen to the shape 
of the graph.

These examples are so inspiring that one would wish that one had 
such an early opportunity to love mathematics!

 « Comment vous êtes-vous intéressé aux mathématiques et 
à la recherche en mathématiques », voilà une question 
qu’on pose fréquemment à un mathématicien. Il est 

intéressant de noter les réponses de quelques mathématiciens bien 
connus, des enfants prodiges à des mathématiciens mûrs et plus 
âgés. Examinons quelques-unes des circonstances propices qui ont 
contribué à un épanouissement précoce d’un esprit mathématique.

Pour certains mathématiciens, la voie royale vers les mathématiques 
passe par le règlement des problèmes de géométrie euclidienne, 
comme on l’a enseigné au secondaire. Albert Einstein a remarqué 
dans son autobiographie que son exposition à Euclide à un jeune 
âge a eu une influence profonde sur l’orientation subséquente de 
sa vie. Il a nommé les Éléments d’Euclide la « bible » et a imputé à 
cet ouvrage ses intérêts à vie et ses réalisations. Bertrand Russell 
a aussi profité de cette chance; il indiquait dans son autobiographie 
qu’à 11 ans, il a commencé à lire Euclide. Son frère était son tuteur.

Paul Erdös pouvait faire des calculs à quatre ans. À 18 ans, il a 
présenté une nouvelle preuve démontrant l’existence d’un nombre 
premier entre n et 2n de la forme 4k +1& 4k+3. La santé de Blaise 
Pascal était fragile. Parce qu’il devait conserver ses forces, on lui 

Early aptitude for Mathematics / 
Une aptitude pour les mathématiques dès un jeune âge
Srinivasa Swaminathan, Dalhousie University
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Olivier Collin, UQAM, Vice-Président - Québec

Financement de la recherche 
mathématique au Canada : 
une perspective

 Au cours du dernier quart 
de  s i è c l e ,  l e  paysage 
mathématique dans les 

universités canadiennes a changé 
de manière drastique. En termes 
d’activité en recherche, on peut 
suggérer que les mathématiques 
canadiennes n’ont jamais été d’un 
niveau aussi relevé, aussi diverses 
et prometteuses qu’elles le sont 

aujourd’hui. Je n’ai pas la prétention de savoir exactement 
comment ceci s’est produit, mais une liste de facteurs devrait 
inclure deux éléments : l’émergence de centres de recherche 
de niveau mondial (BIRS, CRM, Fields, PIMS) ainsi que la 
qualité des engagements faits au sein de nos universités 
au cours de cette période. Ces facteurs ont en commun au 
moins deux choses : ils dépendent du travail de chercheurs et 
administrateurs visionnaires et, de manière tout aussi importante, 
d’un financement adéquat. Voici un résumé exécutif de mon texte 
: pour poursuivre cette ascension, les universités canadiennes 
et le CRSNG doivent jouer un rôle de premier plan à travers 
des investissements nouveaux et substantiels en sciences 
mathématiques.

L’embauche de professeurs d’université représente le choix 
ayant probablement le plus grand impact à long terme sur la vie 
académique d’un pays. Il est évident que les détails des priorités 
et politiques en matière d’embauches dépendent de circonstances 
variables d’une université à l’autre. Mais en observant le marché 
actuel des postes académiques dans le monde, on peut facilement 
bâtir un argumentaire à l’effet que les universités canadiennes 
n’embauchent pas assez de mathématiciens et mathématiciennes 
étant donné la force actuelle de ce champ d’étude. Grâce à la 
santé générale de l’économie canadienne en comparaison à 
celle de notre gentil voisin au sud, nous avons une opportunité 
unique de devenir une nation d’élite en recherche et formation 
mathématique en engageant de façon massive de par le monde 
au cours des prochaines années, tant au niveau permanent 
que postdoctoral, et en fournissant des fonds de recherche 
adéquats. Ce discours devrait être répété sans cesse au près 
des administrateurs universitaires jusqu’à ce qu’il soit compris.

Le premier indicateur de cette situation m’est venu en constatant 
la qualité des divers concours de bourses postdoctorales tenus 
à chaque année au Canada. Je connais mieux le concours 

Suite à la page 4
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CRM-ISM puisque j’ai eu 
le plaisir d’être membre 
du comité de sélection 
pendant trois ans (2009-
2012) lors de mon mandat 
de direction à l’ISM : 
environ 300 demandes 
pour 4 bourses, des listes 
courtes essentiellement 
composées de jeunes 
vedet tes dans leurs 
domaines respectifs, 
qui acceptent souvent 
une stage au CRM et 
lorsqu’ils ne le font pas 
c’est parce qu’ils ont 
choisi une université Ivy 
league américaine ou 
l’équivalent ailleurs dans le 
monde. Je doute que l’on 
puisse nommer d’autres 
domaines de recherche 
au Canada of frant un 
scénario similaire. Puisque 
le domaine attire tant de 
dossiers prometteurs 
et que le financement 
à travers les centres de 
recherche et les bourses 

gouvernementales est relativement restreint, notre communauté 
devrait insister pour que ce soit maintenant également le rôle 
des universités elles-mêmes de développer des programmes 
postdoctoraux adéquats. Jusqu’à ce jour très peu de regroupements 
de recherche au Canada peuvent régulièrement engager des 
chercheurs postdoctoraux à travers des fonds départementaux. 
Etant donné que la recherche en mathématiques n’engendre pas des 
coûts d’infrastructure très élevés, même les plus petites universités 
pourraient aisément élever leur profil en recherche en dévouant 
des fonds pour des engagements postdoctoraux. En outre, ces 
jeunes mathématiciens et mathématiciennes ont très souvent de 
belles compétences en enseignement, une excellente attitude de 
mentorat envers les étudiants débutant leurs études de cycles 
supérieurs, si bien qu’ils amènent beaucoup à la vie mathématique 
d’un département.

Le second indicateur du grand potentiel de développement en 
recherche m’est apparu alors que je travaillais en tant que membre du 
comité EG1508 des subventions à la découverte du CRSNG. Il y a eu 
de nombreuses critiques quant au financement des mathématiques 
par le CRSNG au cours des dernières années. Après trois ans d’étude 
du problème, il me semble clair que le problème fondamental est 
qu’à travers les calculs actuels servant à la répartition du budget 

entre les sciences, les montants réservés aux mathématiques et à la 
statistique sont tout à fait inadéquats, en grande partie parce qu’ils 
ne reflètent pas la hausse spectaculaire du niveau de recherche 
au Canada au cours de la dernière décennie. Ceci a eu comme 
conséquence que plusieurs jeunes mathématiciens ayant obtenu des 
résultats remarquables n’ont pas été récompensés adéquatement 
alors que leur carrière gagnait en stature. Pour cette simple raison, 
il me semble que la nouvelle approche adoptée au CRSNG il y a 
quelques années était nécessaire afin d’amener rapidement un 
surplus de fonds aux chercheurs dont le travail récent (jusqu’à 6 
ans auparavant) était remarquable et excitant. Du côté positif, les 
résultats de la compétition 2012 en mathématiques et statistique 
(disponibles sur le site du CRSNG) démontrent qu’il est possible de 
simultanément récompenser d’excellents jeunes chercheurs par des 
hausses substantielles de leurs fonds de recherche tout en assurant 
un financement stable des chercheurs les plus établis qui continuent 
leur excellent travail. Du coté négatif, les fonds actuellement octroyés 
aux mathématiques et à la statistique par le CRSNG ont été un 
facteur majeur pour les résultats catastrophiques de la compétition 
de 2011 et, de façon encore plus importante, ils rendent les attentes 
de formation de PHQ plutôt irréalistes pour les mathématiciens 
dont le travail est solide mais pas remarquable. En effet, comment 
financer des étudiants d’été, de cycles supérieurs et des post-docs 
avec une subvention annuelle de 12-15K? Pour les chercheurs 
dans des institutions de moindre taille ou plus isolées, c’est tout 
simplement impossible et il y a un danger net qu’ils soient exclus des 
fonds CRSNG à long terme parce qu’incapables de suivre le rythme 
de formation que les grands centres universitaires peuvent soutenir.

Une réponse usuelle aux demandes des mathématiciens pour 
des fonds accrus est qu’ils devraient diversifier leurs sources 
de financement, comme cela se fait en sciences naturelles. Cet 
argument se fonde sur l’hypothèse que la recherche mathématique 
peut être organisée en équipes hiérarchisées où une partie 
substantielle du temps consacré par le chercheur en chef d’un 
groupe est passé à chercher des fonds pour le labo, pendant qu’un 
groupe de talentueux jeunes scientifiques (souvent allant jusqu’aux 
projets d’été) développent les idées initialement mises de l’avant, 
s’occupent des protocoles expérimentaux et, même, écrivent une 
partie substantielle des articles scientifiques. Pour dire les choses 
simplement, on ne veut pas voir les Donaldson, Kontsevitch ou 
Tao passer une partie importante de leur temps à accomplir de 
la bureaucratie scientifique. Les esprits les plus créatifs d’un 
département devraient passer leur temps à être créatif, seuls, avec 
leurs collaborateurs ou leurs étudiants. C’est ainsi que de grandes 
écoles mathématiques sont construites, pas en remplissant des 
formulaires et en faisant de plus en plus de demandes de subventions.

« En termes  
d’activité en  

recherche, on peut 
suggérer que les 
mathématiques 

canadiennes n’ont 
jamais été d’un 

niveau aussi relevé, 
aussi diverses et 

prometteuses  
qu’elles le sont 
aujourd’hui. »

Interested in Math Community? So is the CMS!
Check out: http://cms .math .ca/Community/

© Canadian Mathematical Society 2012. All rights reserved.4
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SEPtEMBER 2012

5-7 Computation Challenges in 
Probability (ICERM, Providence RI) 
http://icerm .brown .edu/sp-f12

5-9 Lie Algebras & Applications, 
(Uppsala, Sweden) 
Lie2012@math .uu .se, www .math .uu .se/Lie2012

12-14 Algebra, Geometry & Math 
Physics (Brno, Czech) 
http://agmp .eu/brno12/general .php

18-21 Dynamical systems on random 
graphs (Cantabria, Spain) 
http://www .uni .ulm .de/dsrg 2012

20-22 Lie and Klein: the Erlangen 
program & its impact on math & physics
www-irma .ustrasbg .fr/article1173 .html

OCtOBER 2012

8-12 Uncertainty Quantification  
(ICERM, Providence RI)
http://icerm .brown .edu/sp-f12-w2

24-26 International Conference 
on Number Theory and Applications 
(Bangkok, Thailand)
http://maths .sci .ku .ac .th/icna2012

NOVEMBER 2012

17 Info-Metrics & Nonparametric 
Inference (UC Riverside, CA)
www .america .edu/cas/economics/info-metrics/
orkshop-2012-november .cfm

19-20 Seminar on History of 
Mathematics etc (Delhi, India)
http://www .indianshm .com

DECEMBER 2012

8-10 CMS Winter Meeting 
Fairmont Queen Elizabeth,  
Montreal, Quebec 
Scientific program: CRM
www .cms .math .ca/winter12

10-14 Reproducibility in Computational 
& Experimental Maths. (Providence, RI) 
http://icerm .brown .edu/tw12-5-rcem

17-21 International Conference on 
Theory, Methods & Applications of 
Nonlinear Equations, (Kingsville, TX) 
www .tamuk .edu/artsci/math/conference_2012/html

19-22 Conference on Commutative 
Rings, Interger-valued Polynomials, etc 
(Graz, Austria)
www/integer-valued .org/conf2012

31-Jan.11 Recent advances in 
Operator Theory & Operator Algebras 
(Bangalore, India)
http://www .isibang .ac .in/!jay/rota .html

JANUARY 2013

4-8 iCERM Workshop on Whittaker Fns, 
Schubert Calculus & Crystals (Providence, RI)
http://icerm .brown .edu/sp-s13-w2

20-22 Discrete Geometry for 
Computer Imagery (Seville, Spain)
http://dgci2013 .us .es/

APRIL 2013

15-19 Combinatorics, Multiple Dirichlet 
Series & Analytic Number Theory 
(Providence, RI)
http://icerm .brown .edu/sp-s13-w3

JULY 2013

1-5 Erdös Centennial (Budapest, Hungary)
http://www .renyi .hu/conferences/erdos100/index .html

NSErC-CMS Math iN  
MoSCow SCholarShipS

The Natural Sciences and Engineering Research 
Council (NSERC) and the Canadian Mathematical 

Society (CMS) support scholarships at $9,000 each. 
Canadian students registered in a mathematics 

or computer science program are eligible.

The scholarships are to attend a semester at the small elite 
Moscow Independent University.

Math in Moscow Program 
www.mccme.ru/mathinmoscow

Application details 
www.cms.math.ca/Scholarships/Moscow

Deadline September 30, 2012 to attend the Winter 2013 semester.

bourSE CrSNG-SMC  
Math à MoSCou

Le Conseil de Recherches en Sciences Naturelles et en 
Génie du Canada (CRSNG) et la Société mathématique du 
Canada (SMC) offrent des bourses de 9,000 $ chacune. 
Les étudiantes ou étudiants du Canada inscrit(e)s à un 
programme de mathématiques ou d’informatique sont éligibles.

Les bourses servent à financer un trimestre d’études à la 
petite université d’élite Moscow Independent University.

Programme Math à Moscou 
www.mccme.ru/mathinmoscow
Détails de soumission 
www.smc.math.ca/Bourses/Moscou
Date limite le 30 septembre 2012 pour le trimestre d’hiver 2013.

© Société mathématique du Canada 2012. Tous droits réservés. 5
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a interdit d’étudier les mathématiques! Cette interdiction a 
suscité sa curiosité et l’a forcé d’acquérir par lui-même la 
plus grande partie de ses connaissances du sujet. À 16 ans, 
il a écrit un essai sur les sections coniques qui a renversé 
les mathématiciens de son époque. 

Quand Sophie Germain n’avait que 13 ans, elle a été 
confinée à sa maison à Paris en raison de l’instabilité 
politique découlant de la prise de la Bastille, au mois de 
juillet 1789. Elle a dû passer de longues heures à lire 
dans la bibliothèque de son père. La légende de la mort 
d’Archimède dans l’Histoire des mathématiques de Montucla 
l’a profondément impressionnée. Elle a pris la résolution 
d’étudier les mathématiques.

Un don naturel pour le règlement de problèmes de 
mathématiques à l’école est indicateur d’un futur 
mathématicien. Quelques semaines à peine après le début 
d’un cours de géométrie euclidienne auquel assistait Albert 
Tucker dans une école de l’Ontario, le directeur a fait subir 
un examen comptant des questions « inédites ». Tucker 
pouvait répondre, sans savoir que c’était des questions 
« inédites »; impressionné, le directeur a dit au père d’Albert, 
« votre fils doit être un génie en mathématiques ». Tucker 
réussissait bien en mathématiques sans faire d’efforts. 
De même, un enseignant compétent a constaté que 
Lipman Bers, un garçon de 11 ans, était doué pour les 
mathématiques dans ses travaux scolaires qui consistaient 
à découper des formes dans du papier de couleur et à les 
assembler. De plus, son père l’a inspiré davantage en lui 
enseignant l’induction mathématique.

Même si la famille d’Irving Kaplansky était d’avis que le 
garçon deviendrait un pianiste de concert, Kaplansky savait 
relativement tôt dans la vie qu’il voulait faire carrière en 
mathématiques. Selon ses souvenirs, la première fois qu’il 
a ressenti que les mathématiques pourraient être un jour 
quelque chose de spécial était probablement en 4e année, 
quand il a montré à son professeur de mathématiques que 
les carrés finissent toujours d’une façon précise. À 13 ans, il 
a remarqué des éléments qui revenaient dans les nombres 
parfaits et a démontré son premier théorème.

Donald Knuth s’est intéressé vivement aux mathématiques 
au cours de sa première année du secondaire. Il a dessiné 
des centaines de graphiques; un graphique typique portait 
sur une fonction telle que y = √(ax +b) +√(cx+d); rendre 
fixe b,c,d et faire varier a pour voir quels seraient les effets 
des variations sur la forme du graphique. 

Ces exemples sont à ce point inspirants qu’on souhaiterait 
tous avoir eu une telle occasion de s’éprendre des 
mathématiques tôt dans la vie!

departmental funds. Because mathematical research does not entail massive 
infrastructure funds, even the smaller universities could quite easily enhance 
their research profile by devoting funds for postdoctoral hires. Moreover these 
young mathematicians often have excellent teaching skills, a great mentoring 
attitude towards beginning graduate students and hence they add much to 
the mathematical life of a department.

The second indicator of the opportunities for massive research development 
came while doing work as a member of EG 1508 for individual research grants 
at NSERC. There has been much criticism of the funding of Mathematics 
through NSERC in recent years. After three years of studying this issue, it seems 
clear to me that the fundamental problem is that through current budget 
allocation computations, the amount provided to Mathematics and Statistics is 
highly inadequate, because it has not followed the steep increase in the quality 
of mathematical research in Canada witnessed over the last decade or so. 
This first resulted in many young mathematicians who were doing great work 
not being rewarded accordingly as their careers reached a higher profile. For 
that reason alone, it seems to me that the approach adopted at NSERC a few 
years ago was necessary to provide quickly increased funds to researchers 
currently (up to the last 6 years) doing exciting work. On the positive side, 
the results of the 2012 competition in Mathematics and Statistics (available 
on the NSERC website) show that it is possible to simultaneously reward 
excellent younger scientists with large increases in funding and provide stable 
funds at the highest level for established mathematicians who are still doing 
great work. On the negative side of things, the current allocation of NSERC 
money for Mathematics and Statistics was a major factor in the catastrophic 
grant results of the 2011 competition and, even more importantly, it makes the 
expectations of HQP training rather unrealistic for mathematicians doing strong 
but not outstanding work. Indeed, how to fund undergraduates, graduates and 
post-docs with a 12-15K yearly grant? For those researchers in smaller and 
isolated institutions, this is simply impossible and there is a danger that they 
be excluded from NSERC funds in the long run, simply because they cannot 
keep up with the pace of training that larger university centres provide.

An common answer to mathematicians’ demands of increased funds is that 
they should diversify their sources of funding, as is done in all natural sciences. 
This argument relies on the assumption that mathematical research can 
be organized into hierarchical teams where a significant part of the leading 
scientist’s working hours is spent writing successful grant applications, while 
a group of more junior but very talented scientists (often all the way down to 
undergraduate research projects) fill in the details of the ideas put forward, 
carry out the experiments and even write up the bulk of articles. Mathematical 
collaboration and training function in a completely different way. To put it in 
simple terms, one does not want to see the likes of Donaldson, Kontsevitch 
or Tao spend a significant amount of their time doing scientific bureaucracy. 
The most creative mathematical minds in a department should spend almost 
all of their research time being creative, on their own, with their collaborators 
or with their students. This is how great mathematical schools are built, 
not through filling in forms and writing more and more grant proposals.

Une aptitude pour les mathématiques dès un jeune âge  
suite de la page 3

Funding of mathematical research in Canada : a perspective 
Continued from page 1
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Fields Institute Monographs : 
Introduction to Orthogonal, Symplectic and  
Unitary Representations of Finite Groups
Carl R. Riehm

Publication Year: 2011

ISBN: 978-0-8218-4271-3

Reviewed by Max A. Knus, ETH Zuerich.

 La théorie des représentations linéaires 
des groupes finis est un domaine clas-
sique des mathématiques. L’idée de 

représenter les éléments d’un groupe par 
des matrices remonte à Molien, Frobenius, 
Burnside et Schur, à la fin du dix neuvième 
siècle. Cette théorie, formulée sur le corps des 
nombres complexes, se développa à l’époque parallèlement à la 
théorie des algèbres. Trente ans plus tard ce fut l’œuvre de Emmy 
Noether de dégager un cadre commun et purement algébrique à 
ces différentes théories. Dans son travail « Hyperkomplexe Zahlen 
und Darstellungstheorie », paru en 1929, elle montra le lien entre la 
théorie des représentations des groupes et la théorie des algèbres 
semi-simples. Cette publi cation a profondément influencé le 
développement de l’algèbre moderne. 

La théorie des représentations orthogonales, symplectiques et unitaires 
(globa lement appelées représentations isométriques par l’auteur du 
livre recensé ici) superpose à la théorie des représentations une théorie 
supplémentaire, la théorie des formes réflexives (formes symétriques, 
antisymétriques ou hermitiennes). Une représentation isométrique d’un 
groupe fini G dans un espace V muni d’une forme h est un homomorphisme 
r : G ! I(V, h), où I(V, h) est le groupe des isométries de la forme h. 
D’un autre point de vue on peut parler de la théorie des formes réflexives 
invariantes sous l’action d’un groupe fini donné. En contraste avec la théorie 
linéaire, qui pratiquement se réduit à un calcul de caractères, la théorie des 
représentations isométriques utilise des techniques com plexes. Le cadre 
algébrique à notre disposition est la théorie des formes réflexives sur les 
algèbres semi-simples avec involution. Une machinerie importante a été créée 
pour l’étude de ces formes. Parmi les outils disponibles on peut citer les 
groupes de Witt et les groupes de Witt-Grothendieck. Ces groupes sont des 
in variants attachés au corps de base et leur structure donne des informations 
sur les représentations isométriques définies sur le corps en question. 

Avec les notations ci-dessus, deux problèmes sont fondamentaux : 

I Déterminer les classes d’équivalence de représentations isométriques de G.

II Donner des conditions sur le groupe G (ou sur le corps de base), telles 
que deux représentations de G soient équivalentes si et seulement si leurs 
formes sous-jacentes sont « isotypiquement » équivalentes. 

En général l’auteur se place dans un cadre purement algébrique 
sur un corps arbi traire (avec la restriction naturelle que la 
caractéristique du corps ne divise pas 2g, où g est l’ordre du 
groupe représenté). Mais pour obtenir des résultats précis, il 
est souvent nécessaire de tenir compte de la nature du corps 
de base. Des exemples typiques sont les corps « classiques », 
à savoir les corps finis, algébriquement clos, réellement clos, 
locaux et globaux. Même si aucune classification complète 
des représentations sur ces corps n’est connue, beaucoup de 
résultats partiels mais intéressants sont disponibles.

La première présentation systématique du sujet est due 
à A. Fröhlich, dans une série remarquable de travaux, 
qui culmina avec l’article « Orthogonal and symplectic 

representations »paru en 1972. Le livre recensé ici a 
pour but de donner une introduction à cette théorie. Il contient, entre 
autres, l’essentiel des résultats de Fröhlich avec leur extension aux 
représentations unitaires. C’est la première description détaillée sous 
forme de livre de ce domaine des mathématiques. 

Le chapitre 1 livre l’arrière-plan mathématique nécessaire. Une grande 
quantité de résultats donnés en général sans démonstration, est 
soigneusement rassemblée en 80 pages. Le lecteur pourra s’y référer en 
cas de besoin. Le chapitre 2 introduit les représentations isométriques des 
groupes et fait le lien avec les formes réflexives sur l’algèbre du groupe. 
Le chapitre 3 donne les fondements de la théorie des formes hermitiennes 
sur les algèbres semi-simples et leur utilisation dans la théorie des 
représentations. Il clôt par le principe de Hasse pour les isométries des 
formes. Les chapitres 4 et 5 forment le noyau de l’ouvrage. Après une 
présentation dans le chapitre 4 des résultats connus sur les groupes de 
Witt-Grothendieck et de Witt des formes hermitiennes sur les algèbres semi-
simples, les critères d’équivalence de représentations sur les corps finis, 
locaux et globaux sont le sujet du chapitre 5. Une courte section est dédiée 
au groupe symétrique. Dans le dernier chapitre l’auteur applique les algèbres 
de Clifford ainsi que le groupe de Brauer-Wall pour donner quelques résultats 
sur les invariants des représentations orthogonales. En particulier il décrit une 
certaine classe de cohomologie introduite par Fröhlich. Ce chapitre, basé sur 
une publication récente de l’auteur, utilise des résultats qui dépassent le cadre 
de l’ouvrage, mais les références nécessaires sont fournies. Avec ce livre 
nous disposons d’une excellente introduction à la théorie des représen tations 
orthogonales, symplectiques et unitaires des groupes finis. Ce domaine, à 
la croisée de différentes disciplines mathématiques, fascine manifestement 
l’au teur depuis longtemps. Grâce à une présentation souvent plus explicite 
que dans les travaux originaux, le niveau reste assez élémentaire. Sans ce 
choix, certains résultats détaillés, par exemple dans le chapitre 5, n’auraient 
pas pu être donnés. Le livre peut être recommandé à tout mathématicien 
ayant une bonne culture en algèbre. Enfin le volume est bien rédigé et la 
typographie est parfaite.
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Mihály Bakonyi and Hugo J. Woerdeman

Princeton Series in Applied Mathematics

Princeton University Press, 2011

xii + 518 pages

ISBN: 978-0-691-12889-4 hardback 

Reviewed by Leiba Rodman, College of William and Mary, 
Department of Mathematics, P.O.Box 8795, Williamsburg, VA 
23187-8795, USA. lxrodm@math.wm.edu

 The book addresses several interconnected topics in matrix 
analysis, operator theory, and their applications. In a simple, 
basic form, many matrix completions problems can be stated 

as follows: Fix a subset J µ{1, 2,…,n}×{1, 2,…,n}. For a given 
n × n complex matrix A describe the structure of matrices in the 
convex cone 

A + {W = [wi,j]n
i,j=1 : wi,j = 0 for every pair (i, j) 2  J} (1)

with a given property, such as being positive semidefinite. The 
literature on matrix comple tions is extensive, especially in recent 
30 years or so.

Several moments and interpolation problems addressed in the 
book have roots in classi cal mathematics, and many of them 
in their original formulations go back nearly a century. These 
include Humburger, Nehari, Nevanlinna - Pick, and Carathéodory 
problems. Solutions of these problems typically depend on positive 
semidefiniteness or contractiveness properties of certain matrices. 
These, and related, moments and interpolation problems have been 
gen eralized to matrix valued functions, and some even to operator 
valued functions; applications to robust control in engineering 
largely motivated recent developments. The literature on the topic 
is voluminous, especially engineering literature, and includes dozens 
of books.

Concerning sums of Hermitian squares, the starting point here is 
the classical Fejér -Riesz theorem. The theorem states that any 
trigonometric polynomial p all of whose values on the unit circle 
are real and nonnegative, can be represented in the form |q(eit )|2, 
for some polynomial q. It has been extended to include operator 
valued trigonometric polynomials. 

On the other hand, extension of the Fejér -Riesz theorem to 
polynomials of several variables generally fails. 

A brief chapter-by-chapter partial description of the material 
follows. Each chapter concludes with notes that contain references 
for the main results, pointers for further reading and additional 
applications, etc.

Chapter 1: Cones of Hermitian matrices and trigonometric polynomials 
(68 pages). Here the attention is focused on cones of Hermitian 
matrices, in particular cones of positive semidefinite matrices, and 
on cones of trigonometric polynomials of d variables with Fourier 
support in fixed subsets of Zd; here Z is the set of integers. Extreme 
rays and dual cones are identified. A set L  2  Zd is said to have 
the extension property if every nonnegative trigonometric polynomial 
with Fourier support in L  − L  has the form 
X

j|qj|2, where the qj’s 
are trigonometric polynomials with Fourier support in L . A general 
description of sets with extension property is not known (if d > 1), 
although some particular results in this direction are treated in this 
chapter. Applications to semidefinite programming are outlined in 
Section 1.4. (49 exercises.) 

Matrix Completions, Moments, 
and Sums of Hermitian Squares

© Canadian Mathematical Society 2012. All rights reserved.8
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Chapter 2: Completions of positive semidefinite operator matrices 
(106 pages). In this chapter, positive semidefinite and positive definite 
completion problems for operator matrices are studied. Thus, sets 
of the form (1) are considered, where the (i, j)th entry of matrix is 
now a (linear bounded) operator between Hilbert spaces Hj and Hi. 
Assuming the graph G corresponding to J is chordal (triangulated), 
and the compressions of A to the principal submatrices determined 
by the cliques of G are positive semidefinite, a key result states that 
the set (1) contains positive semidefinite operators, and among 
all those operators, there is a unique distinguished one - central 
completion - that is characterized in a variety of ways, such as 
maximizing the entropy. A matrix valued truncated Hamburger 
problem is solved in Section 2.7. The solution is based on specific 
Hankel extension problems. (45 exercises.) 

Chapter 3: Multivariable moments and sums of Hermitian squares 
(82 pages). Here, the moments and interpolation problems 
mentioned above, and some others, are treated in the context of 
multivariable matrix and operator functions. This is a very active 
area of contemporary research, and the state of the art in many 
cases is presented. In contrast with the classical, one variable 
formulations, the criteria based on positive semidefiniteness of 
one matrix associated with the problem generally break down in the 
multivariable case. Among applications, autoregressive stochastic 
processes are studied. (42 exercises.)

Chapter 4: Contractive analogs (104 pages). Given an operator 
matrix set of the form (1), where the (i, j)th entry of a matrix is 
an operator between Hilbert spaces Hj and Hi, the contractive 
completion problem consists of finding criteria for existence of a 
contraction or a strict contraction in the set (1), and in case of 
existence, describing all contractions or strict contractions in the set. 
(Rectangular operator matrices are allowed as well for this problem.) 
The obvious necessary condition for existence of a contraction in 
(1) is that every rectangular block of A formed by rows i1 < … < ik 
and columns j1 < … < je, where (i1,…,ik) × ( j1,…,je) µ  J, be a 
contraction. The sets J for which this necessary condition is always 
sufficient have been identified. The Nehari problem in the context 
of operator valued functions is solved in Section 4.3, based on 
a solution of the corresponding contractive completion problem. 
This leads to distance formulas with respect to nest algebras of 
operators. The chapter contains a section on model matching for 
linear filters. (34 exercises.) 

Chapter 5: Hermitian and related completion problems (114 pages). 
Here, several matrix completion problems are treated, including 
problems concerning ranks, bounds of eigenvalues of Hermitian 
matrices, bounds for singular values (here an upper triangular part 
of a matrix is given and the strictily lower triangular part is treated 
as unknown), euclidean distance problems, and normal completion 
problems. An interesting application to the quantum separability 
problem is presented. (54 exercises.) 

The book has many attractive features: detailed proofs, judicious 
selection of theories and results, carefully constructed diverse 
exercises, pointers to relevant topics and results in mathematics and 
other disciplines. Much valuable material on bone fide applications 
and connections is included in the main text, exercises, and notes. 

Many parts of the book can be studied independently of each other, 
and some parts require only modest background in undergraduate 
mathematics, and as such may serve as material for self-study, 
a topic course for graduate and advanced undergraduate students, or 
supplementary material for upper level undergraduate courses such 
as Linear Algebra or Operator Theory. For instance, Chapter 5 and 
almost all of Chapter 1 are accessible to anyone with a background 
in Calculus, Linear Algebra, and a modicum of Complex Analysis. 
The necessary material in Graph Theory is fully explained in the 
text. With additional background on basics of Measure Theory, 
mainly measures with finite support, all of Chapter 1 is within reach. 

An up-to-date extensive bibliography of about 600 items is included. 

Sadly, publication of the book was marred by passing away of Mihály 
Bakonyi (1962  2010). Mih´aly was diagnosed with a terminal illness 
in the Spring of 2009, and finishing the book became his first 
priority. After his death on August 7, 2010, only minor changes in 
the manuscript were made. 

Acknowledgment. This is a condensed version of the author’s 
review in: Linear Algebra and its Applications, Vol. 436, pages 2711 
-2715 (April 2012), published by Elsevier.

“The book has many attractive features: 

detailed proofs, judicious selection of theories 

and results, carefully constructed diverse 

exercises, pointers to relevant topics and results 

in mathematics and other disciplines.”

Interested in Math Competitions? So is the CMS!
Check Out: http://cms .math .ca/Competitions/
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 J ennifer recently attended and spoke at the Canadian Undergraduate Mathematics Conference in Kelowna, BC. 
This event brought 160 mathematicians together for several days of talks. About 140 of these were undergraduates 
from all across the country and a few from outside of Canada. Although much of the research presented by students 
was on the applied side, there was some pure research. All of the talks were enjoyable and most were highly polished 
and professional. Instructors should consider attending just to see the capabilities of our undergraduate community.

In this edition our column continues with the idea of communicating mathematics. Benoit Charbonneau has 
spearheaded a series of talks on mathematical ideas accessible to the general public. The article is presented 
in French first and then in English.

 A u fil des ans, j’ai assisté à plusieurs exposés grand public 
donnés par des mathématiciens. Bien trop souvent, ces 
exposés sont frustrants soit pour les mathématiciens, 

qui n’y apprennent rien, soit pour les non-mathématiciens, qui 
ne comprennent rien à un exposé beaucoup trop technique pour 
eux. Il y a bien sûr quelques grands maitres qui réussissent à 
satisfaire les deux auditoires, mais la tâche est extrêmement 
difficile. À l’automne 2011, avec l’aide d’une subvention du fonds 
de dotation de la SMC, j’ai organisé la Bridges Lecture Series, avec 
deux objectifs: plaire autant aux mathématiciens qu’aux autres et 
attirer un auditoire qui normalement n’irait pas voir un exposé de 
math, même s’il est prévu pour le grand public.

L’origine
Étant géomètre, l’idée de travailler dans un espace à 4, 5 ou même 
n dimensions m’apparait naturel. Ce ne l’était pas pour un de mes 
amis, chimiste-physicien, intéressé à comprendre la formation du 
verre en hautes dimensions. J’ai donc collaboré avec lui, fournissant 
l’expertise mathématique. Nous avons prouvé, par exemple, que la 
cristallisation est de plus en plus difficile lorsque l’on augmente la 
dimension11. Afin d’agrémenter nos exposés, nous avons cherché 
quelques anecdotes dimensionnelles. Au court de cette recherche, 
j’ai appris l’histoire incroyable du roman Flatland (un peu plus là 
dessus plus tard).

En 2010, je suis devenu le huitième professeur de math dans les 
150 ans d’histoire de l’Université de St-Jérôme, un petit collège 
catholique de 30 professeurs au sein de l’Université de Waterloo. 
J’ai suggéré à mes collègues du département d’études religieuses 
que nous devrions donner un exposé conjoint à propos de Flatland.

1 Van Meel, Charbonneau, Fortini et Charbonneau, Crystallization gets rarer with 
increasing dimension, Physical Review E 80: 061110, 2009.

L’idée de donner des exposés en équipes formées de mathématiciens 
et de non-mathématiciens se devait d’être explorée plus en 
profondeur. J’ai demandé à mon doyen et au fonds de dotation de 
la SMC un budget modeste pour m’aider à tester l’idée, ce que je 
fis à l’automne 2011 avec une série de quatre exposés.

Cet article est un rapport sur le succès de cette expérience, succès 
dû au soutien de la Société.

Les exposés
Les vidéos de trois des quatre exposés que je vais maintenant décrire 
sont disponibles sur le site www.sju.ca/public-events/bridges

J’ai fait équipe avec Steven Bednarski (professeur d’histoire 
médiévale) pour donner le 1er exposé: “Getting Medieval with 
Math: Gerbert d’Aurillac and Nicolas Oresme, two beacons 
of light in the so-called Dark Ages”

Notre exposé cherchait à démontrer que contrairement à la croyance 
populaire, le moyen âge n’était pas une ère prolongée de noirceur 
scientifique. Nous avons parlé de deux scientifiques médiévaux, 
Gerbert d’Aurillac (c. 946-1003) et Nicole Oresme (c. 1320-1382). 
Gerbert est célèbre pour avoir réintroduit l’abaque en Europe et pour 
y avoir disséminé le savoir arabe en arithmétique, mathématiques et 
astronomie. Il est aussi très célèbre politiquement, puisqu’il devint 
le premier pape français, Sylvestre II. Nicole a vécu trois siècles 
après Gerbert et était un éminent philosophe, physicien, astronome, 
mathématicien et traducteur. Il devint conseiller du roi Charles V de 
France à une époque où tous les chefs de file du monde occidental 
employaient des astronomes.

Conrad Hewitt (mathématicien étudiant la cosmologie) et Ted McGee 
(spécialiste de Shakespeare) firent équipe pour le 2ième exposé: 
“Paradigm Shifts: Brecht and Galileo.”

Jennifer Hyndman, University of Northern British Columbia 
John Grant McLoughlin, University of New Brunswick

La série d’exposés bridges: Arts et math
Benoit Charbonneau, Dept. of Mathematics, St. Jerome’s University in the University of Waterloo 
benoit.charbonneau@uwaterloo.ca
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Leur exposé examina l’impact des travaux scientifiques et 
mathématiques de Galilée, dont les découvertes contribuèrent 
au changement de paradigme de la cosmologie de Ptolémée au 
système copernicien. Ils situèrent Galilée dans le contexte de la 
pensée mathématique et scientifique de l’époque, ils expliquèrent la 
pensée qui mena à ses découvertes et discutèrent les implications 
théologiques, politiques, sociales et technologiques de ses nouvelles 
idées, spécialement tels que représentés dans la pièce de théâtre 
de Bertolt Brecht’s Galileo. Brecht trouva la vie et les travaux de 
Galilée pertinent au milieu du 20ième siècle. Hewitt et McGee, quant 
à eux, conclurent leur exposé avec quelques observations sur la 
recherche en cosmologie contemporaine et ses implications.

Pour le 3ième exposé de la série, je fis équipe avec David Seljak, un 
professeur d’études religieuses. Le résultat de cette collaboration 
fut “Dimensions of transcendence: Flatland and the 
Unseen Order.”

La plupart des mathématiciens connaissent Flatland, le roman 
écrit en 1884 par E.A. Abbott, mais ils ignorent qu’Abbott était 
prêtre. Il écrivit son roman quelques années après le procès très 
publicisé d’un médium. Durant ce procès, d’éminents scientifiques 
proposèrent que les actes surnaturels qu’on reproche au médium 
sont réalisables naturellement si le médium est capable d’étendre 
sa portée dans la quatrième dimension. Les théologiens de l’époque 
utilisèrent la ferveur médiatique à leur avantage en expliquant que les 
anges et Dieu existent dans des espaces ayant plus de 3 dimensions. 
Le roman d’Abbott aida à expliquer et populariser ce concept (je 
ne crois pas que c’était son intention). C’était très à la mode à 
l’époque d’arrimer des croyances populaires à la science afin de 
les rendre aussi légitimes que possible. Cette tendance était un 
des symptômes des changements profonds des valeurs culturelles 
occidentales stimulés en grande partie par la révolution industrielle.

Après avoir raconté le roman Flatland et l’avoir mis en contexte, 
nous avons exploré l’idée de transcendance sur trois fronts : 
mathématique, social et religieux. La transcendance, pour les fins de 
notre exposé, c’est l’habileté de quitter ses limites dimensionnelles 
pour voir l’invisible et penser l’impensable.

À la fin novembre, la série se conclut sur un dernier exposé : 
“Breaking Code(s): the Invasion of Normandy from Bletchley 
to the Beaches.” Steven Furino (combinatoire) et Carol Acton 
(anglais) firent équipe pour cet exposé.

Les recherches du Dr. Acton portent sur l’écriture de guerre avec 
un intérêt particulier sur la façon dont la guerre nous apparait à 
travers les écrits autobiographiques des participants.

Le monde abstrait des mathématiques et de la cryptographie en 
temps de guerre semblent ne pas avoir de rapport avec le monde 
très humain des docteurs et infirmières qui immergés dans les 
liquides corporels des blessés. Cet exposé offrit une exploration de 
l’interdépendance entre les histoires apparemment disjointes des 
décrypteurs, vue à travers l’histoire de Bill Tutte, et du personnel 

médical qui désobéit au code de guerre en écrivant leurs récits dans 
des journaux personnels interdits. On y a vu comment leurs vies, 
à leur insu, ont convergées en juillet 1944 au jour J.

Succès et échecs
J’ai décidé assez tôt que cette expérience aurait échoué si elle 
n’attirait pas une foule constante de non-mathématiciens. J’ai fait 
circuler un sondage pour m’en assurer et 30-40% de l’auditoire 
s’est auto-déclarée dans la catégorie « arts et sciences humaines.»

Après avoir eu un auditoire de 65 personnes pour le 1er exposé, 
ce fut décevant de n’avoir que 55 personnes au 2ième exposé. 
L’auditoire du 3ième exposé comptait 85 personnes et celui du 4ième 
en comptait 130. L’auditoire n’était pas purement académique. Il 
y avait certainement tout un lot d’étudiants et de professeurs des 
facultés des arts et de mathématiques, mais une portion non-
négligeable de l’auditoire était du grand public.

Voici quelques témoignages.
Un homme qui fait l’école à la maison à son fils m’a écrit après le 
1er exposé, disant « Merci à vous deux pour l’excellent exposé de ce 
soir. Mon fils et moi avons quitté la salle avec beaucoup de choses 
à discuter. Ce fut provoquant. » [Ma traduction.] Il m’a dit plus tard 
qu’il publiciserait les prochains exposés auprès des autres parents 
qui font l’école à la maison.

Un enseignant en histoire au secondaire est venu à chaque exposé 
et m’a répété à plusieurs reprises à quel point cette série était 
fabuleuse. Il a insisté sur le fait que nous devrions réitérer la série.

Un postdoc dans notre département de mathématiques pure a eu la 
visite de sa famille lors de l’Action de Grâce étasunienne. Il a trouvé 
pertinent, après avoir assisté aux premiers exposés, d’amener sa 
famille à l’exposé de ce jeudi-là.

Pour le futur
Enthousiasmés par le succès de la première édition, le doyen 
de St-Jérôme, le doyen de la Faculté des Arts de l’Université de 
Waterloo et le fonds de dotation des Mathématiques de Waterloo se 
sont engagés à financer l’édition 2012-2013 des Bridges Lectures. 
Je suis à la recherche d’équipe de conférenciers pour cette saison 
et pour les suivantes. J’ai besoin de votre aide. Si vous et un ami 
non-mathématicien aimeriez tenter l’expérience, svp écrivez-moi.

Je vous promets que ce sera beaucoup de travail mais que ce sera 
très stimulant intellectuellement.

Interested in Scholarships? So is the CMS!
Check out:  http://cms .math .ca/Scholarships/Moscow/
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 Over the years, I have attended various lectures given by 
mathematicians and aimed at a general audience. All too often 
such public talks fail to satisfy both mathematicians and non-

mathematicians. Either the former gets nothing out of it, or the latter 
have difficulty following what appears to be a specialized technical 
presentation. There are of course a few grand masters who succeed in 
pleasing both audiences, but the task is extremely difficult. In Fall 2011, 
with the help of a CMS Endowment grant, I organized the Bridge Lecture 
Series with the aims to please mathematicians as much as others, and 
to attract people that would otherwise not come to a mathematics talk, 
even if announced for the greater public.

How the idea came about
As a differential geometer, the idea of working in a world of 4, 5, or 
even n dimensions seems natural. It was not so for a friend of mine, a 
physical chemist interested in understanding glass formation in higher 
dimension. I therefore became involved in his science by collaborating 
with him, providing the necessary mathematical expertise. In our 
joint work, we found, for instance, that “Crystallization gets rarer with 
increasing dimension”1. To enliven our talks, we looked for anecdotes about 
dimensionality. It made me aware of the incredible history surrounding 
the publication of the novel Flatland, notably on the religious front (for 
more on this particular topic, read on).

So in 2010, as I became the eighth math professor in the 150 year 
old history of St. Jerome’s University, a tiny catholic college of 30 
professors within the confine of the University of Waterloo, I proposed to 
my colleagues in the Religious Studies department that we give a joint 
talk about Flatland. 

I felt that the idea of having talks given by a team composed of a 
mathematician and a non-mathematician should be thoroughly explored. 
I asked my dean and the CMS Endowment Fund for a modest budget 
to help me test this idea. Over Fall 2011, four talks were given as part of 
this experiment: the Bridges Lecture Series.

This article is a report to the success of this experiment, success that 
came to be in part because of the sponsorship of the Society.

the talks themselves
Let me first point out that you can view recordings of three of the lectures at  
www.sju.ca/public-events/bridges.
I teamed up with Steven Bednarksi (medieval history) to deliver the 1st 
lecture: “Getting Medieval with Math: Gerbert d’Aurillac and 
Nicolas Oresme, two beacons of light in the so-called Dark Ages”

1 Van Meel, Charbonneau, Fortini and Charbonneau, Physical Review E 80: 
061110, 2009.

Our lecture aimed to dispel the popular myth of the Middle Ages as 
a prolonged era of scientific darkness. We looked at two prominent 
medieval scientists, Gerbert d’Aurillac (c. 946-1003) and Nicole Oresme 
(c. 1320-1382). Gerbert is famously credited with reintroducing the 
abacus to Europe and with disseminating Arab knowledge of arithmetic, 
mathematics, and astronomy. He is also notable because he went on 
to become the first French pope, taking the name Sylvester II. Nicole, 
who lived three centuries after Gerbert, was a prominent late medieval 
philosopher, economist, early physicist, astronomer, mathematician, and 
translator. He became counselor to King Charles V of France at a time 
when all the great leaders of the western world employed astronomers.

Conrad Hewitt (mathematics and cosmology) and Ted McGee 
(Shakespearian scholar) teamed up to deliver the 2nd lecture: “Paradigm 
Shifts: Brecht and Galileo.”

Their lecture examined the impact of the mathematical and scientific work 
of Galileo, whose discoveries contributed to the paradigm shift from the 
cosmology of Ptolemy to the Copernican system. They situated Galileo 
in the context of the mathematical and scientific thinking of his own 
time, examined the thinking that led to his discoveries, and discussed 
theological, political, social, economic, and technological impacts of his 
new ideas, especially as they are represented in Bertolt Brecht’s play 
Galileo. As Brecht found Galileo’s life and work relevant to the mid-20th 
century, Hewitt and McGee concluded with some observations on present 
cosmological research and its implications.

For the third lecture of the series, I (again!) teamed up with a professor 
of religious studies, David Seljak. The result of this collaboration was 
“Dimensions of transcendence: Flatland and the Unseen Order.”

Most mathematicians know of Flatland, the novel written in 1884 by E.A. 
Abbott, but are not aware that Abbott was a priest. He wrote his book a 
few years after the highly publicized trial of a psychic. During that trial, 
prominent scientists stated that supernatural acts could be possible if the 
psychic was able to reach through the fourth dimension. Theologians of 
the time took advantage of this publicity to explain that angels and god 
existed extra-dimensionally. Abbott’s work helped explain and popularize 
this concept. It fits into the mood of the day, which increasingly hitched 
popular beliefs to science in an attempt to garner legitimacy. This link 
was symptomatic of pervasive shifts in western cultural values stimulated 
largely by the Industrial Revolution.

After explaining Flatland’s plot line and setting it up in context with the 
times, we explored transcendence on three fronts: mathematical, social, 
and religious. Transcendence for us was the ability to move beyond one’s 
limited dimension to see the unseeable and to think the unthinkable.

EduCatioN NotES

The Bridges Lecture Series: Arts and Math
Benoit Charbonneau, Dept. of Mathematics, St. Jerome’s University in the University of Waterloo 
benoit.charbonneau@uwaterloo.ca
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In late November, one last talk was given: ”Breaking Code(s): the 
Invasion of Normandy from Bletchley to the Beaches.” This 
talk was given by Steven Furino (Combinatorics), and Carol Acton 
(English) to conclude the series.

Carol Acton’s research focuses on war writing with a particular interest 
in how war is expressed through autobiographical accounts of the 
participants. 

The abstract world of Mathematics and code breaking in wartime seem 
far removed from the very human world of doctors and nurses who are 
literally immersed in the bodily fluids of the wounded. This presentation 
explores the interdependence behind the apparently very separate stories of 
code breakers like Bill Tutte whose success relied on absolute secrecy and 
doctors and nurses who also broke wartime codes, in a very different way, 
by writing their accounts in forbidden diaries, and whose lives, unknowingly, 
converge in July 1944 - D-Day.

Successes and failures
I decided early on that the experiment would be a failure if it did not attract 
a consistent crowd of non-mathematicians. I circulated a survey to verify 
precisely that at each lecture. Roughly, 30-40% of the audience declared 
themselves as part of “Arts and Humanities.”

After an audience of 65 at the 1st lecture, it was disappointing to have a 
smaller audience of 55 at the 2nd. The audience then grew to 85 at the 
3rd lecture and to 130 at the 4th lecture. What is more important is the 
fact that the audience was not purely academic. There were certainly 
students and professors from the Mathematics and the Arts Faculties, but 
a non-negligible portion of the audience represented the greater public.

Here are a few testimonials.
One audience member who home-schools his son emailed us after 
the 1st talk, saying: “Thank you both so much for the great lecture you 
presented tonight. [My son] and I walked away with plenty to talk about, 
very provocative stuff!” He then said he would let the home-schooling 
community know about future talks.”

One retired high-school history teacher came to every talk and told me 
repeatedly how great these conferences were. He insisted that this series 
has to continue.

One postdoc in Pure Mathematics had his family visit on US Thanksgiving, 
which happened to be the day of the 4th lecture. He found it worthwhile, 
after having attended the previous lectures, to bring his family to the lecture.

About the future
Excited by the success of the first edition, St. Jerome’s Dean, the U 
Waterloo Mathematics Endowment Funds, and the U Waterloo Dean of 
Arts have committed funds for the 2012-2013 edition of the Bridges lecture 
series. I am looking for teams of speakers for this and future seasons, and 
I need your help. If you and your non-math friend would like to experiment 
with this format, please email me.

I promise you that it will be lots of work, but it will be very intellectually 
stimulating.

Math Competition Grants
The CMS is now accepting applications for the 2012 Math Competition 
Grants.

The Math Competition Grants are open to contests of different kinds 
at the school level. This includes: 

 » Traditional: students solve problems in a timed written exam 
 » Projects: Teams competing to solve a strategic problem over 
a longer period of time 

 » Posters: Preparation of a mathematical solution or discussion 
for display purposes 

Preference will be given to: 

 » Competitions which embrace a number of regional 
schools (city, county or province-wide) 

 » New ventures or those which are aiming to expand their reach 
 » Competitions which have matching sources of funding 
or which are aiming to become self-sufficient 

The deadline for applications is November 15, 2012. An application 
form and more information about the math competition grants can 
be found at: http://cms.math.ca/Competitions/grants

Subventions pour les 
concours de mathématiques
La SMC accepte maintenant des demandes de subventions pour 
les concours de mathématiques de 2012.

Les subventions pour les concours de mathématiques s’appliquent 
à divers concours organisés au niveau scolaire. Cela comprend : 

 » Traditionnel : les étudiants règlent des problèmes 
pendant un examen écrit à temps limité 

 » Projets : des équipes font la lutte afin de régler un 
problème stratégique au cours d’une plus longue période 

 » Affiches : la préparation d’une solution mathématique ou 
d’une discussion à afficher 

La préférence sera accordée à : 

 » Les concours qui s’entendent à un certain nombre 
d’écoles régionales (à toute une ville, un comté ou une 
province) 

 » De nouveaux projets ou ceux qui visent à étendre leur portée 
 » Les concours qui jouissent de sources de financement de 

contrepartie ou qui visent à devenir autonomes sur le plan 
financier 

La date d’échéance pour les candidatures est le 15 novembre 2012. 
Un formulaire de demande et plus amples renseignements sur le 
subventions pour les concours de mathématiques sont isponibles 
à : http://smc.math.ca/Concours/grants

© Société mathématique du Canada 2012. Tous droits réservés. 13
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A snapshot of the conference:

This year marked the 19th Annual Canadian Undergraduate 
Mathematics Conference (CUMC). It was held in the Okanagan 
Valley in beautiful Kelowna, BC. With over 150 people attending, 
including participants, keynote speakers, and volunteers, and over 
80 student talks, the conference was a great success! 

There was a great variety of student talks this year. Participants 
attended presentations on combinatorics, mathematical biology, 
mathematical history, algebras, statistics and probability, topology, 
and optimization, to name a few. There were also seven keynote 
speakers from across Canada and as far away as France. They 
were: Dr. Heinz Bauschke (UBC’s Okanagan campus), Dr. Catherine 
Beauchemin (Ryerson University), Dr. Gerda de Vries (University of 
Alberta), Dr. Donovan Hare (UBC’s Okanagan campus), Dr. Jennifer 
Hyndman (UNBC), Dr. Dominikus Noll (Université Paul Sabatier, 
France), and Dr. Tim Swartz (Simon Fraser University).

Each participant received a welcome package, which contained the 
official CUMC 2012 program and t-shirt, a water bottle, a CUMC 
2012 mug, an Okanagan College notebook and lanyard, a CUMC 
2012/UBC folder, CMS totebag, and other assorted brochures 
and writing implements from our sponsors.

Partnering together:

In addition to the support received from the CMS, the CUMC 2012 
was excited to have three official sponsors: UBC’s Okanagan 
campus, Okanagan College, and the Irving K. Barber School of 
Arts and Sciences.

Through these sponsorships, the participants had the opportunity 
to visit both UBC’s Okanagan campus and Okanagan College. 
By partnering with Okanagan College, the CUMC 2012 Organizing 

Committee hoped to exemplify the roles that colleges play in the 
overall undergraduate educational experience. 

Activities and events:

The CUMC 2012 Organizing Committee arranged various events 
for the participants, aside from the normal conference proceedings. 
These events included: the Ex Nihilo Winery Tour, a movie night, 
a trip to Scandia Golf and Games, as well as encouraging participants 
to visit the many tourist attractions around the Kelowna area.

A tradition continued:

Keeping with the tradition of the last two CUMCs was the Women in 
Math and Science Dinner. This year’s theme was “Breaking Down 
Barriers: Challenges Facing Female Mathematicians”. This event 
was restricted to women and women-identified participants only. 
With four panelists and over 45 participants, the event started 
with a round-table discussion, which continued well into dinner 
in the Okanagan College courtyard. All present agreed the hour 
long discussion flew by and it would have been great to have had 
more time to talk with the panelists! The sponsors who made this 
event such a great success were Westcoast Women in Engineering, 
Science & Technology (WWEST), Applied Science Technologists 
& Technicians of BC (ASTTBC), and the CMS Women in Math 
Committee.

Accomplishments:

The committee aimed to showcase both UBC’s Okanagan campus 
and Okanagan College. Each institution was a great host for the 
conference and worked well together to give variety in facilities 
and location for the participants. Overall, the conference helped 
to establish Kelowna as a great location to continue a student’s 
mathematical career. 

Canadian Undergraduate 
Mathematics Conference 2012

July 11th to 15th
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 S ymmetry is what we see at a glance, Blaise Pascal famously 
stated. However, deciphering mathematical patterns is far 
from trivial, as it happens with the ornaments in Alhambra, 

which depict all 17 wallpaper symmetries. This note reveals some 
intriguing topological results, whose discovery would have been 
impossible without the tools born from the study of symmetries. 

Let X be a nice topological space, such as a compact connected 
manifold. A finite group G is realized as a group of symmetries for 
X if we have a group homomorphism G'! Homeo(X ), where 
Homeo (X) denotes the group of all homeomorphisms of X. Given 
such an action, the isotropy subgroup at x 2X is defined as the 
subgroup of G consisting of all elements g 2G such that gx = x. 
A special kind of actions, called a free action of G, arises when 
all the isotropy subgroups are trivial. Given any G–action on X, 
its space of orbits X/G is a natural quotient of X. If the action 
is free, then this quotient map has good properties, in fact it is a 
special case of a classical covering space. If, for example, S is a 
compact surface, S /G will also be one. Now recall that the Euler 
characteristic of a triangulated surface is defined as V − E + F, 
where V denotes the number of vertices, E the number of edges 
and F the number of faces in the triangulation. This number does 
not depend on the choice of triangulation. Given a free action of G 
on a surface S, the Euler characteristics of S and S/G are related 
by the formula x(S) = |G|x(S/G). Indeed, if we decompose S/G 
into sufficiently small triangles, then each vertex, edge, and face 
will have |G| inverse images in S. Such formulas can be extended 
to higher dimensional spaces. 

A basic problem in topology is to describe all finite groups that can 
act freely on a given space X. For some spaces this is an easy 
question, for example no non–trivial finite group can act freely 
on the closed n-disc by elementary fixed point theory. If we take 
S an orientable Riemann surface of genus four, then it is an easy 
exercise to show that the only non–trivial finite group acting freely 
and preserving orientation on S (i.e. such that S/G does not contain 
a copy of the Möbius band) is the group of order three (hint: use 
Euler characteristics). Similarly one can show that the only non–trivial 
finite group acting freely on an even–dimensional sphere is the group 
of order two (this follows from the Lefschetz Fixed Point Theorem). 
The situation for free actions on odd–dimensional spheres is much 
more interesting, as the Euler characteristic vanishes. The first key 
result is a theorem from the 1940s due to P. Smith, [8]: 

theorem 1. If a finite group G acts freely on a sphere, then all of 
its abelian subgroups are cyclic. 

What this means is that G does not contain any subgroup of the 
form Z/p × Z/p for p prime (the so–called p2 condition). For 

example, every finite cyclic group acts freely on an odd dimensional 
sphere, and Q8, the quaternion group of order eight, acts freely on 
the 3–sphere (here we use the fact that Q8 is a subgroup of S3).

A beautiful theorem from 1957 due to J. Milnor, [7], showed that 
there is some surprising geometry behind this problem: 

theorem 2. If a finite group G acts freely on a sphere, then every 
element of order two in G must be central, i.e. it must commute 
with every element in G. 

For example, the dihedral groups of order 2p, p prime, cannot 
act freely on any sphere. This condition is called the 2p condition. 

Two spaces X and Y are homotopy equivalent if they can be 
continuously deformed into each other, i.e. there are continuous 
maps f : X ! Y and g : Y ! X such that the composites f . g and 
g . f are homotopic (continuously deformed) to the respective identity 
maps of Y to Y and X to X. In 1960, Swan proved that a finite group 
G acts freely on a finite complex homotopy equivalent to a sphere 
if and only if G satisfies the p2 condition for every prime p, thus 
showing that geometric actions are far more restricted than actions 
up to homotopy, [9]. The complete characterization for geometric 
actions was obtained by Madsen, Thomas, and Wall in 1978, [6]: 

theorem 3. A finite group G acts freely on some sphere Sn if and 
only if G has cyclic abelian subgroups and every element of order 
two in G is central. 

Natural examples arise from representation theory: if V is an 
orthogonal G–representation which is fixed-point free away from 
the zero vector, then the linear sphere S(V ) of length-one vectors 
will admit a free action of G. In fact it has been shown that G will 
admit such a free linear action if and only if every subgroup of order 
pq in G is cyclic for all primes p and q and G does not contain 
SL2(Fp ) as a subgroup for any p > 5, (see [11]). 

More recent work has focused on extending these results to other 
familiar spaces. Geometric methods allow us to obtain smooth 
actions. For instance, using a mixture of representations, bundle 
theory, and group theory it can be shown (see [1] for p > 3 and [10] 
for all primes p) that for p a prime, a finite p–group (i.e. of order a 
power of p ) acts freely and smoothly on some Sn × Sm if and only 
if it does not contain (Z/p)3 as a subgroup for any prime p (the p3 
condition). These methods allow us to construct some interesting 
actions; for example if G is a subgroup of SU(3), then it will act 
freely and smoothly on S5 × S7 . In particular this applies to the 
simple groups A5 and SL3(F2). See [4] for recent results on the 
equidimensional case Sn × Sn.

Groups Acting Freely on Spheres and Other Curiosities
Alejandro Adem, Department of Mathematics, University of British Columbia

continued on page 17
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 Many properties of graphs are governed by the spectrum of the 
graph’s adjacency matrix. For example, for many applications 
a graph should be connected, yet sparse. Thus, we want to 

have many, but not too many, connections (edges) in the graph. Such 
graphs are called expanders. For a regular or bi-regular graph, the 
quality of the expansion depends on the size of the second largest 
eigenvalue of the graph. If we wish to construct a large graph with 
certain properties, it is computationally difficult to estimate the 
spectrum of the graph. One solution is to attach a graph to a group 
and use the structure of the group to analyze the spectrum of the 
adjacency matrix. This often leads to using group representation 
theory, a technique related to deep ideas in number theory.

Let us begin with the Riemann Zeta function: 

ζ(s) = 
X

n ≥1

n – 8 = 
Q
p prime

 (1 – p – 8) –1, s 2 C, Re(s) > 1

(analytically continued to C \ {1}). Then, the Riemann hypothesis 
states that all non-trivial zeros of ζ are on the critical line Re(s) = 1–2 . 

We will consider the graph theoretical analogue of this function. But 
what are primes in a graph X = (V, E) with vertex set V and edge set 
E? A prime in a graph is an equivalence class of a closed, backtrack-
less, tail-less, primitive path C = (v0,v1,v2,…,vn−1,vn = v0), vi 2 V, 
{vi−1,vi} 2 E, 8  i = 1,…,n. The equivalence is given by cyclic 
permutations of the vertices in the path. A primitive cycle (closed 
path) is one that is not obtained by repeated concatenation of a 
smaller cycle. The length of a prime with representative C is |C |, 
the number of edges in C. The Ihara-Zeta function of a graph X 
is defined by

Zx(u) = 
Q
|c| prime

 (1 – u|C | )–1, u 2 C.

Ihara first introduced this function in a slightly different form in 1966 
as an analogue of the Selberg Zeta function for discrete subgroups 
of SL2 over a p-adic filed, [4]. It was Serre who realized that it can 
be interpreted as a Zeta function of graphs. Ihara also proved the 
following determinantal formula for the Zeta function. 

theorem 1. If X = (V, E) is a finite, connected, (q + 1)-regular 
multigraph (q odd), then

ZX (u)−1 = (1 − u2)r −1 det(I − uA + qu2I ), 

where A denotes the adjacency matrix, I is the |V| × |V| identity 
matrix, and r = |E| − |V|+1.

This result has been extended later to irregular graphs. Remarkably, 
the primes have disap peared and the Ihara-Zeta function is 
determined by the adjacency matrix, in particular by its eigenvalues. 

Now that we have a Zeta function, we can state the Riemann 
Hypothesis for regular graphs (the RH for bi-regular or irregular 
graphs can also be defined):

Definition 1. A finite, connected, (q + 1)-regular graph X satisfies 
the Riemann Hypothesis if, for Re(s) 2 (0, 1), 

(ZX(q– 8))– 1 = 0 implies Re(s) = 1–2.

Obviously, this is not true for all graphs, so the name is somewhat 
pretentious. But which graphs satisfy the Riemann Hypothesis? To 
answer this question, we return to expander graphs. Let X(V, E) be 
a graph on n vertices. The expansion coefficient of X is defined by 

c = inf : F µ  V, 0 < |F| ≤ n–2
|∂(F)|

|F|

n o

Good expanders have large c. Moreover, as noted earlier, for any 
connected k-regular graph, we have

c ≥ 
k − l

2  ,

where l  is the second largest eigenvalue (in absolute value) of 
the graph (k being the largest eigenvalue). So, good expanders 
have small second largest eigenvalue. For many applications, the 
goal is not to construct just one good expander graph, but rather 
an infinite family of k-regular good expanders with the number of 
vertices going to infinity. For such a family, we have the following 
theorem due to Alon and Boppana.

theorem 2. If Xn,k is an infinite family of graphs as above, then 

lim inf l(Xn,k)≥ 2  k–1
n!∞

This means that, asymptotically, the second largest eigenvalue 
cannot be made arbitrarily small. In 1988, in a seminal paper, [6], 
Lubotzky, Phillips and Sarnak have coined the term Ramanujan 
graph for graphs that beat the Alon-Bopanna bound. 

Definition 2. A k-regular graph X is called a Ramanujan graph if 
l(X) ≤ 2  k–1 .

It is easy to show that a k regular graph is Ramanujan if and only 
if it satisfies the Riemann Hypothesis. 

In the same paper, [6], the authors constructed infinite families of 
Ramanujan graphs as Cayley graphs of PGL2(Fq) and PSL2(Fq).To 
generalize the construction to higher dimensions and to bi-regular 
graphs, we should think of the graphs as quotients of the building 
associated with the group G = SL2(Qp). (The building is a simplicial 
complex on which the group acts simplicially.) The adjacency operator 

Connections: Graphs Through Number Theory 
Cristina Ballantine, College Of The Holy Cross
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is the generator of the Hecke algebra, i.e., the algebra of 
compactly supported functions on G that are bi-invariant 
under K = SL2(Zp). The eigenvalues of this operator are 
precisely the one-dimensional, irreducible representations of 
the Hecke algebra. Since these representations are in one-
to-one correspondence with the spherical representations of 
the group G, we can obtain the estimation of the spectrum 
of the graph using results from representation theory. The 
construction has been generalized to SL3, [1], and to SU3 
(to construct bi-regular bipartie Ramanujan graphs), [2]. In 
all cases, a graph is Ramanujan if and only if the associated 
group G satisfies a Ramanujan type conjecture, i.e., every 
non-trivial unitary spherical representation of G that appears 
in the decomposition of L2(K\G/G ) is tempered. Here G  is a 
discrete co-compact subgroup of G that acts on the building 
without fixed points and turns the building into a finite quotient.

Since 1988, the literature on Ramanujan graphs has grown 
tremendously. There are several excellent overview articles 
and books on the subject, such as [9], [3], [5]. While all 
constructions of infinite families of Ramanujan graphs involve 
deep results from number theory, the zig zag product of graphs 
due to Reingold, Vadhan, and Wigderson, [8], is an elegant, 
purely combinatorial construction of good expanders (yet not 
Ramanujan). 
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What is really going on here? The simple group–theoretic p2 condition 
is equivalent to the powerful cohomological assumption that the 
group cohomology of G is periodic, [2]. Using methods from algebraic 
topology this idea can be extended to the notion of a topological 
space with periodic cohomology. In joint work with J. Smith, [3], we 
obtained a homotopy– theoretic characterization of these spaces. 
Many of the results mentioned above are geometric manifestations 
of this more general theorem, which is too technical to reproduce 
here. However some of its consequences are easy to describe. For 
example it implies that if G is any odd–order finite group satisfying 
the p3 condition, then G acts freely on a finite complex homotopy 
equivalent to a product of two spheres. A related constructive result 
is that if S is a finite simple group satisfying the p3 condition and 
different from PSL3(Fp), then S will also act freely on a finite complex 
homotopy equivalent to a product of two spheres (this uses the 
classification of finite simple groups). In his 2011 Ph.D. thesis at 
UBC, [5], M. Klaus extended these methods to show that a finite 
p–group satisfying the p4 condition will act freely on a finite complex 
homotopy equivalent to a product of three spheres.

Unfortunately the desired generalization, namely whether or not a 
finite p–group G satisfying the p k+1 condition will act freely on a 
product of k spheres, remains a difficult open problem, but readers 
are welcome to try their luck with it, one sphere at a time. 
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Groups Acting Freely on Spheres and Other Curiosities 
continued from page 15
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Veselin Jungic, Simon Fraser University 
Excellence in Teaching Award

 Veselin Jungic has a formidable reputation in the mathematics 
community for his effective teaching style, his innovative 
ideas, and the immense time and effort he puts into 

education initiatives. His dedication to students and his passion for 
the subject are truly inspiring.

Veselin coordinates and teaches the large introductory calculus 
courses at SFU, and pioneered the use of Lon-CAPA, an online 
course management system, for all of SFU’s lower division 
mathematics courses. His early work with what is now known as 
blended learning puts him years ahead in the development of these 
significant new approaches to teaching and learning.

However, the key ingredient of his effectiveness is the close attention 
he pays to his students. “One of the reasons for Veso’s success 
in teaching such large classes is his immense caring for students, 
and constant reflecting on how to help them learn mathematics,” 
says Dr. Malgorzata Dubiel, a fellow mathematics professor at SFU.

Veselin works extensively with Adult learners who praise him for 
his patience and his efforts to make sure students understand 
the course content. Much of his recent work has focused on 
Aboriginal students, particularly those who did not complete 
secondary education. Working with students and colleagues, he 
has produced two animated short films, “Small Number Counts to 
100” and “Small Number and the Old Canoe”, which follow Aboriginal 
storytelling formats and have now been translated into Blackfoot, 
Cree, Squamish, Halq’eméylem, and Nisga’a. The films are part 
of a larger NSERC project that aims to promote mathematics in a 
way that allows Aboriginal students to see themselves and their 
culture in the math.

Veselin Jungic earned his Ph.D. in Mathematics at Simon Fraser 
University in 1999. After completing his postdoctoral fellowship at the 
University of British Columbia, he returned to SFU as a lecturer in the 
Department of Mathematics in 2001. He is currently a senior lecturer 
in the Department, and is also the Deputy Director of IRMACS 
(Interdisciplinary Research in the Mathematical and Computational 
Science Centre). In 2009 he was the recipient of the SFU Excellence 
in Teaching Award.

Ailana Fraser, UBC 
Krieger-Nelson Prize

 Ailana Fraser is one of Canada’s 
leading geometr ic analysts. 
S h e  h a s  m a d e  i m p o r t a n t 

contributions to the theory of minimal 
surfaces including existence and Morse 
index estimates. She has also found 
striking applications to Riemannian 
geometry and to extremal eigenvalue 
questions for surfaces.

Fraser developed the variational theory for minimal surfaces 
with boundary, in case the boundary is allowed move freely on a 
submanifold. The critical points are then minimal surfaces satisfying 
a free boundary condition. She also proved sharp Morse index 
bounds on such solutions under assumptions on the boundary 
principal curvatures and the curvature of the ambient manifold. 

She applied minimal surface theory in a novel way to give the first 
restrictions on the fundamental group of Riemannian manifolds 
of positive isotropic curvature. The condition of positive isotropic 
curvature is currently a central topic of study because of its 
connections with sphere theorems and the Ricci flow. In joint work 
with Richard Schoen she has shown that free boundary minimal 
surfaces in euclidean balls realize extremals of the first eigenvalue 
of the Dirichlet to Neumann map for surfaces of a fixed area. For 
surfaces of genus zero they were able to characterize the extremal 
surfaces which arise. 

Professor Fraser was born in Toronto and received her PhD in 1998 
from Stanford University under the direction of Richard Schoen. 
Before returning to Canada she held a postdoctoral position at the 
Courant Institute and a Tamarkin Assistant Professorship at Brown 
University. She is currently Associate Professor of Mathematics at 
the University of British Columbia.

She has given several plenary lectures, including an Invited Address 
at the AMS Eastern Section Meeting in 2006. She received the 
Cuthbert C. Hurd Scholarship in Mathematical Sciences at Stanford 
University, an NSERC University Faculty Award at UBC from 2002 
to 2007, and was awarded an NSERC Discovery Accelerator 
Supplement in 2010. She has organized numerous conferences, 
and served on NSERC’s Scholarships and Fellowships Selection 
Committee from 2008 to 2011.

award prESENtatioNS
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Gregory Smith, Queen’s University 
Coxeter-James Prize

 Dr. Smith has made signi f icant 
contributions to many different fields of 
mathematics throughout his relatively 

short career, and has demonstrated a strong 
sense for identifying problems in his research 
that are likely to be key for further progress. 

Dr. Smith’s research centers on “combinatorial varieties,” namely 
those algebraic varieties, schemes, spaces, or stacks for which the 
defining equations, the cohomology, or (more generally) the fine 
geometric structure has a concrete combinatorial description.  In 
other words, combinatorial varieties are the fundamental objects at 
the interface between algebra, combinatorics and geometry.  Toric 
varieties and Schubert varieties are traditionally the most prominent 
members of this class.  However, many other spaces such as the 
moduli space of curves and the Hilbert scheme of points should be 
included within this conceptual framework.  Although combinatorial 
varieties are very special and (in some sense) rare among all spaces, 
they account for a disproportionally large number of the important 
geometric objects arising in commutative algebra, representation 
theory, and mathematical physics.  Moreover, their explicit nature 
makes them an exceptionally good testing-ground for general 
theories and conjectures.  The constructive quality of combinatorial 
varieties also lends itself to computational experimentation.

In his article “The orbifold Chow ring of a toric Deligne-Mumford 
stack” (Journal of the American Mathematical Society 18 (2005) 

193-215), Smith along with Lev Borisov and Linda Chen, introduces 
toric Deligne-Mumford stacks and gives an explicit presentation 
for their orbifold Chow rings.  The independent interest in both 
aspects of this paper explain its exceptional impact.  In hindsight, 
the explosion of work exploiting toric Deligne-Mumford stacks 
clearly show the significant demand for a combinatorial class of 
algebraic stacks.

In a series of papers written in collaboration of Diane Maclagan, 
Smith introduces and develops a novel multigraded variant of 
Castelnuovo-Mumford regularity.  This homological measure of 
algebraic complexity has emerged as powerful tool in the study of 
homogeneous equations defining projective varieties.

Dr. Smith is also noted for his many contributions to Macaulay2, a 
software system that supports research in algebraic geometry and 
commutative algebra. The research tools he has developed for the 
system are particularly valuable for collecting heuristic evidence, 
establishing patterns, and exploring pathologies, and they have 
found a broad range of users including physicists, combinatorialists, 
algebrists and geometers.  

Dr. Gregory Smith received his BSc from Queen’s University in 
1995, his MA from Brandeis University in 1997, and his PhD from 
the University of California at Berkeley in 2001. He is presently 
an associate professor in the Department of Mathematics and 
Statistics at Queen’s University. He has held postdoctoral and visiting 
positions at Columbia University in New York, the Mathematical 
Sciences Research Institute (MSRI) in Berkeley, the Royal Institute 
of Technology (KTH) in Stockholm, and the Mittag-Leffler Institute 
in Sweden. In 2007, he was the recipient of the André Aisenstadt 
Prize from the Centre de Recherches Mathématiques (CRM).

SavE oN atoM SEt! 
EparGNEZ Sur la SériE atoM!
Purchase the set 

A taste of Mathematics (AtOM) Volumes 1 to 13  
and receive a 10% discount!

Acheter la série  

Aime-t-On les Mathématiques (AtOM) tome 1 à 13 
et épargner un rabais de 10%!

Order your ATOM set today at www.cms.math.ca 
Commander votre série ATOM aujourd’hui au www.cms.math.ca
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 Last March, thirty-six Canadian high school students across 
the continent sat down to begin the 2012 Olympiad season by 
writing the Asia-Pacific Math Olympiad. With that they started 

a journey which would lead six of them, through the Canadian Math 
Olympiad and the USA Math Olympiad, with a pit stop for extra 
training at the Banff International Research Station, all the way to 
Mar del Plata in Argentina. There, they joined 542 other students 
representing a total of 100 countries to participate in this year’s 
festival of mathematical problem solving, the 53rd International 
Mathematical Olympiad.

The IMO is an individual competition and top place over-all went 
to the remarkable Jeck Lim of Singapore, who earned a perfect 
score on every question. The Canadians were close behind, led 
by Alex Song (Canada’s top finisher in the USA Olympiad) who 
finished fourth over-all with a Gold medal. Gold medals also went 
to Matthew Brennan (Canada’s top finisher in the Asia-Pacific 
Olympiad) and Calvin Deng (winner of the Canadian Olympiad) 
while James Rickards (whose high school research was recently 
featured in the Education Notes of this publication) earned Silver. 
Bronze medals went to Kevin Zhou and Daniel Spivak, putting all 

the Canadians well up in the top half of competitors. Of course, 
as soon as results are posted, the coaches add up scores to 
find the unofficial team rankings. This year, Canada placed an 
unprecedented fifth in the world.

Canada’s accolades did not stop with the student’s spectacular 
results. David Arthur’s problem, the liar’s guessing game, (see 
below) was voted into the #3 spot (the last question on Day 1 of the 
contest) by the Jury representing all 100 countries in attendance. 
Subsequently referred to by candidates simply as “the hard one”, it 
was the only problem not completely solved by the Canadian team.

the liar’s Guessing Game
The liar has choosen a number between 1 and N. You can ask as 
many questions as you like, all of the form: “Is the number in this 
set ... ?” The liar might lie, but never more than k times in a row. 
Prove that, after enough questions, you can guess the number in 
at most 2k tries. Furthermore, for sufficiently large k, 1.99k is not 
enough guesses.

Mathematical Olympiads: from Canada to Argentina
Robert Morewood, Chair, CMS IMO Committee
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Call for proposals: 2012 
Endowment Grants Competition
The Canadian Mathematical Society is pleased to announce the 
2012 Endowment Grants Competition. The CMS Endowment 
Grants fund projects that contribute to the broader good of the 
mathematical community. Projects funded by the Endowment Grants 
must be consistent with the interests of the CMS: to promote the 
advancement, discovery, learning and application of mathematics. 

An applicant may be involved in only one proposal per competition 
as a principal applicant. Proposals must come from CMS members, 
or, if joint, at least one principal applicant must be a CMS member.

the deadline for applications is September 30, 2012. 
Successful applicants will be informed in December 2012 
and grants will be awarded in January 2013.

Further details about the endowment grants and the application 
process are available on the CMS website: www.cms.math.ca/
Grants/EGC

The Endowment Grants Committee (EGC) administers the 
distribution of the grants and adjudicates proposals for projects. 
The EGC welcomes questions or suggestions you may have on the 
program. Please contact the Committee by e-mail at chair-egc@
cms.math.ca.

appel de projets : Concours de 
bourses du fonds de donation 2012
La Société mathématique du Canada (SMC) est heureuse 
d’annoncer la tenue du Concours de bourses du fonds de dotation 
2012. Les bourses du fonds de dotation de la SMC finance 
des activités contribuant à l’essor global de la communauté 
mathématique. Les projets financés à partir des bourses du 
fonds de dotation doivent correspondre aux intérêts de la SMC : 
soit promouvoir et favoriser la découverte et l’apprentissage des 
mathématiques, et les applications qui en découlent.

Un demandeur ne peut présenter qu’un projet par concours en tant 
que demandeur principal. Les projets doivent venir de membres de 
la SMC. S’il s’agit d’un projet conjoint, au moins un des demandeurs 
principaux doit être membre de la SMC.

La date limite pour présenter sa demande est le 30 
septembre 2012. Les projets retenus seront annoncés en 
décembre 2012, et les bourses distribuées en janvier 2013.

Pour vous procurer un formulaire ou pour de plus amples 
renseignements sur l’appel de projets, passez sur le site de la 
SMC au : www.smc.math.ca/Grants/EGC/.f

Le Comité d’attribution des bourses du fonds de dotation (CABFD) 
gère la répartition des bourses et évalue les projets. Pour toute 
question ou tout commentaire sur les bourses du fonds de dotation, 
veuillez communiqué par courriel avec le comité à pres-egc@
smc.math.ca.

Call for Nominations
PIMS Postdoctoral Fellowship Competition

 The Pacific Institute for the Mathematical Sciences (PIMS) invites 
nominations of outstanding young researchers in the mathematical 
sciences for Postdoctoral Fellowships for the year 2013-2014. Candidates 

must be nominated by at least one scientist or by a Department (or Departments) 
affiliated with PIMS. The fellowships are intended to supplement support provided 
by the sponsor, and are tenable at any of the PIMS Canadian member universities: 
the University of Alberta, the University of British Columbia, the University of 
Calgary, the University of Lethbridge, the University of Regina, the University of 
Saskatchewan, Simon Fraser University and the University of Victoria, as well as 
at the PIMS affiliate, the University of Northern British Columbia. 

For the 2013-2014 competition, held in January of 2013, the amount of the PIMS 
award will be $20,000 and the sponsor(s) is (are) required to provide additional 
funds to finance a minimum total stipend of $40,000.

Rankings of candidates are made by the PIMS PDF Review Panel based on the 
qualifications of the candidate, potential for participation in PIMS programs, and 
potential involvement with PIMS partners. PIMS Postdoctoral Fellows will be 
expected to participate in all PIMS activities related to the fellow’s area of expertise 
and will be encouraged to spend time at more than one site. To ensure that PIMS 
Postdoctoral Fellows are able to participate fully in Institute activities, they may 
not teach more than two single-term courses per year. 

Nominees must have a Ph.D. or equivalent (or expect to receive a Ph.D. by 
December 31, 2013) and be within three years of their Ph.D. at the time of the 
nomination (i.e., the candidate must have received her or his Ph.D. on or after 
January 1, 2010). The fellowship may be taken up at any time between September 
1, 2013 and January 1, 2014. The fellowship is for one year and is renewable for 
at most one additional year. 

The PIMS PDF nomination/application process takes place entirely online, utilizing 
the MathJobs service provided by the American Mathematical Society. Having 
selected their nominees, sponsors direct them to apply online at mathjobs.org/jobs/
PIMS. Nominees are required to upload two letters of reference, a curriculum 
vitae and a statement of research interests. Sponsors must upload their own 
reference letters (these are in addition to the two reference letters mentioned 
just above) and a statement of financial support. They will receive instructions 
as to how to proceed from their nominees via email from MathJobs. Detailed 
instructions regarding all aspects of the MathJobs application procedure may 
be found in the online MathJobs user guides. Please note that application is by 
nomination only; unsolicited applications will not be considered. Please note 
that all nominees must apply through MathJobs; this includes nominees from 
PIMS Collaborative Research Groups.

Complete applications must be uploaded to MathJobs by December 1, 
2012. For further information, visit: http://www.pims.math.ca/scientific/
postdoctoral or contact: assistant.director@pims.math.ca.
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Special opportunity for junior 
Canadian number theorists
CMS wiNtEr MEEtiNG, dECEMbEr 8-10, 
2012, MoNtrEal, QuEbEC

 The Canadian Mathematical Society (CMS), in partnership with the 
Tutte Institute for Mathematics and Computing (TIMC), intends to 
stage an additional Number Theory session as part of the upcoming 

2012 CMS Winter meeting, on Thursday, December 6th and Friday 
December 7th, 2012.

Presentations on all aspects of Number Theory are welcomed. TIMC is 
particularly interested in graduate student and postdoctoral participation by 
Canadian mathematicians, and some presentations at the special session 
may lead to intern research opportunities with TIMC. Participants in this 
special session may be offered some travel and accommodation funding.

Anyone interested in making a presentation at this supplementary 
special session should send a proposal ( in pdf files) to  
CMS.Numbertheory.2012@gmail.com by October 15, 2012 which 
should consist of

An abstract of their intended presentation put in the context of their research 
interests (no more than 100 words);

A brief CV (no more than two pages); and 

A brief supporting letter from a research supervisor or research mentor, 
which must be sent separately with the candidate‘s name on the 
subject line).

Occasion privilégiée pour les jeunes 
théoriciens des nombres canadiens
réuNioN d’hivEr dE la SMC, du 8 au 10 
déCEMbrE 2012, MoNtréal, QuébEC

 La Société mathématique du Canada (SMC), en partenariat avec la Tutte 
Institute for Mathematics and Computing (TIMC), compte ajouter une séance 
supplémentaire sur la théorie des nombres au cours de sa réunion d’hiver 

2012, le jeudi 6 décembre et le vendredi 7 décembre 2012.

Des présentations sur tous les volets de la théorie des nombres seront les bienvenues. 
La TIMC s’intéresse tout particulièrement à la participation d’étudiants de deuxième 
cycle et de mathématiciens canadiens postdoctoraux. Certaines présentations au 
cours de la séance spéciale pourraient ouvrir la voie à des occasions de recherche 
en stage à la TIMC. Les participants à cette séance spéciale pourraient recevoir une 
indemnité quelconque pour les frais de déplacement et d’hébergement.

Toute personne intéressée à donner une présentation au cours de cette séance 
spéciale supplémentaire doit transmettre une proposition (en format PDF) à l’adresse 
électronique CMS.Numbertheory.2012@gmail.com, au plus tard le 15 octobre 
2012. La proposition devrait comprendre ce qui suit :

Un résumé de la présentation qu’on compte donner, décrite dans le contexte de ses 
intérêts de recherche particuliers (pas plus de 100 mots);

Un bref CV (deux pages tout au plus);

Une courte lettre d’accompagnement d’un superviseur de recherche ou d’un mentor 
en recherche, document qu’il faut transmettre séparément dans un message 
électronique et qui doit contenir, dans la ligne de mention « objet », le nom du candidat.

Prizes | Prix
Jeffery-Williams Prize | Prix Jeffery-Williams 
Roland Speicher (Universität des Saarlandes)

Doctoral Prize | Prix de doctorat 
Matthew Kennedy (Carleton)

Adrien Pouliot Award | Prix Adrien-Pouliot 
Melania Alvarez (PIMS; UBC)

G. de B. Robinson Award | Prix G. de B. Robinson 
recipient to be announced | lauréat à confirmer

Graham Wright Award for Distinguished Service 
Prix Graham Wright pour service méritoire 
Bernard Hodgson (Université Laval)

Public Lectures | Conférences publiquesI
Ivar Ekeland (UBC)
Doyle Farmer (Santa Fe Institute)

Plenary Speakers | Conférences plénières
Graciela Chichilnisky (Columbia)
Martin Nowak (Harvard)
D.H. Phong (Columbia)
Catherine Sulem (Toronto)

Scientific Director | Directeur scientifique
Luc Vinet (Montréal)

© Canadian Mathematical Society 2012. All rights reserved.22



Notes de la SMC
Tome 44, numéro 4, septembre 20122012 CMS wiNtEr MEEtiNG | réuNioN d’hivEr SMC 2012

Related Events | Événements liés
CMS townhall Meeting | Séance de discussion ouverte SMC
MPE2013 Launch | Lancement MPt2013
NSERC Long Range Plan, Report and Discussion
Graduate Student Lectures | Conférences pour étudiants
Mathematical Science Investigation (MSI) the Anatomy of 
Integers and Permutation (Staged Reading) 

Special Sessions (MPE2013)  
Sessions spéciales (MPt2013)
Celestial Mechanics | Mécanique céleste 
Florin Diacu (Victoria), Manuele Santoprete (Wilfrid Laurier),  
Cristina Stoica (Wilfrid Laurier)

Ecological Dynamics under temporal Variation   
Dynamique écologique soumise à des 
variations temporelles 
Frithjof Lutscher (Ottawa), Rebecca C. Tyson (UBC)

Epidemiology – Genomics   
Épidémiologie – Génomique 
Erica Moodie, David Stephens (McGill)

Epidemiology – Infectious Diseases   
Épidémiologie – Maladies infectueuses 
Julien Arino (Manitoba), Robert Smith? (Ottawa)

Operations Research | Recherche opérationnelle 
Bernard Gendron (Montréal)

Probability and Biology | Probabilités et Biologie 
Lea Popovic (Concordia)

Regular Sessions | Sessions générales
Algebraic Combinatorics  
Combinatoire algébrique 
Christophe Hohlweg, Franco Saliola (UQAM)

Algebraic Number theory  
théorie algébrique des nombres 
Henry Darmon (McGill), Eyal Goren (McGill),  
Adrian Iovita (Concordia)

Analytic Number theory | théorie analytique des nombres 
Chantal David (Concordia), Andrew Granville (Montréal),  
Matilde Lalin (Montréal)

Applied Mathematics | Mathématiques appliquées 
Jean-Christophe Nave, Gantumar Tsogtgerel (McGill)

Complex Analysis and Operator theory  
Analyse complexe et théorie des opérateurs 
Javad Mashreghi, Thomas T. Ransford (Laval)

Computational Fluid Dynamics  
Dynamique computationelle des fluides  
Wagdi G. Habashi (McGill)

Nonlinear Functional Differential Equations   
Équations différentielles fonctionnelles non linéaires 
Hermann Brunner (Memorial)
Econometrics | Économétrie 
Jean-Marie Dufour, Christian Genest (McGill)
Enumerative Geometry and String theory   
Géométrie énumérative et théorie des cordes  
Keshav Dasgupta, Johannes Walcher (McGill)
Geometrical Group theory | théorie géométrique des groupes  
Mikael Pichot, Daniel T. Wise (McGill)
Geometry of Algebraic Varieties  
Géométrie des variétés algébriques 
Xi Chen (Alberta), Steven Lu (UQAM), Peter Russell (McGill)
History and Philosophy of Mathematics  
Histoire et philosophie des mathématiques 
Tom Archibald (SFU), Greg Lavers (Concordia)
Mathematical Physics - Random Matrices and Integrable 
Systems | Physique mathématique - matrices aléatoires 
et systèmes intégrables  
Marco Bertola, Dmitry Korotkin (Concordia)
Medical Imaging | Imagerie médicale 
Frédéric Lesage (École Polytechnique Montréal),  
Jean-Marc Lina (ÉTS)
Operator theory and Operator Algebras  
théorie des opérateurs et algèbres d’opérateurs 
Kenneth R. Davidson, Evgenios T.A. Kakariadis,  
Laurent W. Marcoux (Waterloo)
Partial Differential Equations and Spectral theory 
Équations aux dérivées partielles et théorie spectrale 
Dmitry Jakobson (McGill), Iosif Polterovich (Montréal)
Mathematics Education: Planning for CMEF 2014  
Éducation mathématique: Planification du FCEM 2014 
Peter Taylor (Queen’s)
Number theory Satellite Session 
Session satellite en théorie des nombres 
Org: Chantal David (Concordia), Eyal Goren (McGill), Andrew Granville (Monréal) 
Probability theory and Mathematical Physics 
Méthodes probabilistiques et physique mathématique 
Louigi Addario-Berry (McGill), Louis-Pierre Arguin (Montréal)
Quantum Imaging | Imagerie quantique 
André D. Bandrauk, Djemel Ziou (Sherbrooke)
Symmetries of Differential and Difference Equations 
Symmétries des équations différentielles et aux différences 
Alexei Cheviakov (Saskatchewan), Pavel Winternitz (CRM; Montréal)
Contributed Papers | Communications libres 
Odile Marcotte (CRM)
AARMS-CMS Student Poster Session 
Présentations par affiches pour étudiants  
to be confirmed | à venir
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