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Beginning each February 1, the AMS will accept 
applications for the AMS-Simons Travel Grants 
program. Each grant provides an early-career 
mathematician with $2,000 per year for two years 
to reimburse travel expenses related to research. 
Sixty new awards will be made each year. Indi-
viduals who are not more than four years past 
the completion of their PhD are eligible. The 
department of the awardee will also receive a small 
amount of funding to help enhance its research 
atmosphere.

The deadline for applications is 
March 31 of each year.

Applicants must be located in the United States or be U.S. 
citizens. For complete details of eligibility and application 
instructions, visit: 
www.ams.org/programs/travel-grants/AMS-SimonsTG
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LETTERS TO THE EDITOR

to make clear that a nuanced po-
litical biography requires more than 
emotions and more than amassing 
material without being sufficiently 
prepared to analyze it, due to, above 
all, linguistic deficiencies. An out-
sider’s look at a national culture often 
sharpens the perspective. Excellent 
examples are Karen Parshall’s bi-
ography of the English mathemati-
cian J. J. Sylvester, Mark Walker’s ac-
count of the German Nazi project of 
the “Uranium machine” and Werner 
Heisenberg’s role in it, and the wide-
ranging work on Germany history by 
Neil MacGregor, the director of the 
British Museum who has recently 
been appointed as the artistic direc-
tor of the Humboldt Forum in Berlin. 
In each case the historian has been 
personally immersed for many years 
in the respective foreign culture. 

 
—Reinhard Siegmund-Schultze

University of Agder, Norway
reinhard.siegmund-schultze@uia.no

(Received November 12, 2015)

An Apology to Galois
What I called a “flaw” in Galois’s key 
Proposition 1 of the First Memoir in 
my article “Galois for 20th Century 
Readers” [Notices, vol. 59, no. 7 (Au-
gust, 2012) 912–923] turns out to be 
a flaw not in Galois’s proposition but 
in my interpretation of it. Steeped in 
the modern form of Galois theory, I 
based my presentation on an uncon-
scious assumption that the essence 
of the proposition was to describe 
the Galois group as a subgroup of the 
group of permutations of the roots. 
As Benjamin Blum-Smith showed me, 
Galois had a different—and clearly 
stated—objective and, as I hope my 
discussion of Galois’s construction 
showed, proved his proposition very 
satisfactorily.
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Response to Siegmund-
Schultze Review
The critical September 2015 Notices 
review of my new book “The Scholar 
and the State” by Reinhard Sieg-
mund-Schultze (henceforth S-S) con-
tradicted his decade of enthusiastic 
comments on all my publications 
about Van der Waerden (VdW). S-S de-
sires German monopoly, but his pro-
German prejudice produces insensi-
tivity: “After the collapse of the Hitler 
regime in 1945, embittered émigrés 
and traumatized Dutch compatri-
ots, mostly politicians and students 
rather than colleagues, attacked VdW 
for having stayed in Nazi Germany.” 
To the injury of embittered émigrés 
and the Dutch traumatized by a bru-
tal five-year occupation, S-S adds the 
insult of dismissing victims’ views! 
There are numerous countries that 
have personal interests in research-
ing the horrific World War II waged 
by Germany against humanity. The 
interest is personal: tens of millions 
of dead bodies of Jews, Russians, 
Polish, Dutch, Belgians, Norwegians, 
Danish, Africans, Americans, and 
other peoples who demand the truth 
in the loudest way—the silent way. 
The French anti-Fascist Jean Galtier-
Boissière reformulated S-S’s desire as 
follows: “Give me your watch and I’ll 
tell you the time.” Shall we trust S-S  
to tell us the true time? (Details 
at geombina.uccs.edu/?page_
id=1482).

—Alexander Soifer
University of Colorado
asoifer@uccs.edu

(Received November 1, 2015)

Response to Soifer
Both in my review and in personal 
communications to the author I have 
tried to be fair and encouraging, 
and critical at the same time. I tried 

The object of my article was to 
make Galois’s memoir accessible to 
present day readers, not to replace 
it. My misstep shows once again the 
advantage of reading the masters 
(Galois), not the pupils (me).

 
—Harold Edwards
Emeritus Professor

New York University
edwards@cims.nyu.edu

(Received September 18, 2015)
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AD HONOREM LOUIS NIRENBERG

On May 19, 2015, Louis Nirenberg and John F.
Nash Jr. received the6millionNOK (aboutUSD
750,000) Abel Prize inmathematics, Norway’s
response to Sweden’s Nobel Prize in Physics.
Initially proposed by Norwegian mathemati-

cian Sophus Lie for the hundredth anniversary in 1902 of
the birth of Norwegian mathematician Niels Henrik Abel,
it was established on the two hundreth anniversary in
2002. In a brilliant citation, John Rognes, chair of the Abel
Committee, beganwithNewton anddifferential equations.
Paradoxically it’s easier to prove solutions exist if you
allow them to be possibly nondifferentiable “weak” solu-
tions, such as the generalized functions or distributions
of de Rham, defined by their integrals against smooth
functions. Then you can hope to prove the solution is
regular (differentiable) after finding it. Rognes said:

“At first, a weak solution only exists in a virtual sense,
through its interaction with other quantities. To become
useful for applications, and to be accessible through nu-
merical calculations with a computer, it is necessary to
know that theweak solution is real, and that is generalized
rates of change are actual rates of change.

“The regularity results of Nirenberg and Nash provide
this kind of knowledge, with mathematical certainty.”

The awarding of the prize by His Majesty King Harald V
was followed by acceptance speeches from the laureates.

Nirenberg charmed the assembly, starting by admitting
that he was nervous, and then relaxing into jokes and
stories. He celebrated his joy in collaboration and his love
of inequalities.

During the Abel Lectures the next day, Nirenberg gen-
erously talked not only about his own work but also about
the milestone progress on the Twin Primes Conjecture by
Yitang Zhang. In his lecture on Nirenberg’s work, Tristan
Riviére said that, “Louis Nirenberg’s scientific endeavor
is an exemplary reminder to all of us that research is
first and foremost a collective venture, in which debating,
discussing, and exchanging ideas play a decisive role.” In
the Science Lecture on “Soap Bubbles and Mathematics,”
Frank Morgan observed that it was Nirenberg, with collab-
orators David Kinderlehrer and Joel Spruck, who proved
that the singular curves in soap bubble clusters are real
analytic.

The full text of Rognes’s citation may be found at
www.abelprize.no/binfil/download.php?tid=63672.
Morgan’s Science Lecture may be found in the September
2015 issueof theNewsletter of the EuropeanMathematical
Society.
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Exploring the Unknown: The
Work of Louis Nirenberg on
Partial Differential Equations

This is a condensed write-up of Tristan Rivière’s Abel Symposium lecture, May 20, 2015.
For details and references see the original text at arxiv.org/abs/1505.04930.

Tristan Rivière

Partial differential equations are central objects
in the mathematical modeling of the natural and
social sciences: in sound propagation, heat diffu-
sion, thermodynamics, electromagnetism, elastic-
ity, fluid dynamics, quantum mechanics, popula-

tion growth, and finance, for example. The theory entered
its golden age in the second half of the twentieth century.

Since the early 1950s the mathematical work of Louis
Nirenberg has made large contributions to this funda-
mental area of human knowledge. The name Nirenberg is
associated with many of the milestones in the study of
PDEs. The awarding of the Abel Prize to Nirenberg marks
a special occasion for us to revisit the development of the
field of PDEs and the work of one of the main actors in
its exploration.

Sidebar 1. Notices articles on Nirenberg

Nash and Nirenberg Awarded 2015 Abel Prize, June/
July, 2015
On the Work of Louis Nirenberg by Simon Donaldson,
March, 2011
Interview with Louis Nirenberg, April, 2002
Louis Nirenberg Receives National Medal of Science,
October, 1996

Tristan Rivière is professor of mathematics at ETH Zürich. His
email address is tristan.riviere@math.ethz.ch.

For permission to reprint this article, please contact: reprint-
permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1328
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In 1874 Sofia Kowalevski
proved a general nonlinear
version of the Cauchy-
Kowalevski theorem on
the existence and unique-
ness of solutions to real-
analytic partial differential
equations.

Louis Nirenberg has
liked to describe the
field of partial differen-
tial equations as being
“messy” and often ac-
knowledges his special
taste for this messiness.
We’ll start by present-
ing the original attempts
made mostly in the nine-
teenth century to see
PDEs as a whole and the
limits and inadequacies
of this approach.

A General Existence
Result: The Cauchy-
Kowalevski Theorem
Perhaps the first gen-
eral systematic study of
partial differential equa-
tions goes back to the
work of Augustin-Louis
Cauchy and his existence and uniqueness theorem for
quasilinear first-order PDEs with real analytic data. In
1874, Sofia Kowalevski, apparently unaware of Cauchy’s
work, proved in her thesis a general nonlinear version of
the result.

Some Inadequacies of the Cauchy-Kowalevski Theory
The Cauchy-Kowalevski theorem requires an analytic
framework. The historical proof consists of an argument
based on the convergence of power series. The question
of whether there could be other nonanalytic versions
has stimulated much research, and although there are
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uniqueness theorems for some classes of linear PDEs,
there are also counterexamples touniqueness. Thegeneral
question remains to be settled.

If one seeks global solutions, which are expected to
exist in physical problems, there is a need to relax the
analytic framework, since singularities can appear in finite
time.

Local Solvability
The Notion of Local Solvability and Lewy’s Counter-
example
The first attempt to go beyond the Cauchy-Kowalevski
theory sacrifices uniqueness requirements and looks
at “germs” of PDEs at a point. We consider the linear
framework and ask whether one can enlarge the class of
possible solutions from the analytic class to the 𝐶∞ class
or even to the much larger space of generalized functions
called distributions. Outside the analytic framework, is a
linear PDE always locally solvable?

Around 1955, Leon Ehrenpreis and Bernard Malgrange
proved independently the local solvability of any lin-
ear PDE with constant coefficients. Using the Laurent
Schwartz theory of tempered distributions, such a PDE
can be converted into a convolution equation, and the
problem is reduced to a division problem in function al-
gebra. Encouraged by this result, the conjecture asserting
that any linear operator with more general coefficients
should be locally solvable became notorious in the PDE
community. In 1957, Hans Lewy came up with a spectac-
ular counterexample, namely, a 𝐶∞ linear PDE in three
variables with no 𝐶1 solution in a neighborhood of the
origin. This counterexample triggered intense research
that involved many prominent analysts of that time, such
as Lars Hörmander, Nirenberg, François Treves, and Yuri
Vladimirovich Egorov. They were seeking necessary and
sufficient conditions for local solvability.

The Nirenberg-Treves Local Solvability Condition
In three fundamental papers, Louis Nirenberg and
François Treves proposed a necessary and sufficient
condition for local solvability, the so-called (P) condition,
established for a growing number of cases in successive
works by Nirenberg and Treves themselves, by Beals
and Fefferman, and by Hörmander, until in 2006 Nils
Dencker proved the sufficiency of a generalized so-called
Nirenberg-Treves (ΨΨΨ) condition for the very general class
of pseudo-differential operators. Pseudo-differential
operators were introduced by Nirenberg in collaboration
with Joseph J. Kohn in 1965 and by Lars Hörmander.

Cauchy Problems and Global Solvability for
Linear PDEs
The Notion of a Cauchy Problem
Understanding the local solvability of a PDE is certainly
one important question, but onemight argue that it should
not come into play in physical applications where one
expects global solutions. The question of global solvability
is traditionally coupled with that of uniqueness, and
together they form what is called a Cauchy problem. A

Cauchy problem, or well-posed problem, consists of a
linear PDE, a function space 𝐸 in which the data (the
input) makes sense, and a function space 𝐹 to which the
expected solution (the output, also called the unknown)
should belong, along with the requirements that:

i) there exists exactly one solution in 𝐹 for any given
data in the function space 𝐸;

ii) the dependence of the solution on the data is
continuous from 𝐸 into 𝐹 .

Finding the appropriate spaces 𝐸 and 𝐹 for linear PDEs
has generated a tremendous amount of mathematical
activity in the last century. It also gives the “asymptotics”,
or “constraints at thehorizon”, for solvingmanynonlinear
problems. One can illustrate the notion of a Cauchy
problem by looking at examples of ill-posed problems.
One of them seeks a holomorphic extension in the disc
𝔻2 of prescribed 𝐶1 boundary data. This is an ill-posed
problem, because not every boundary data admits a 𝐶1

holomorphic extension in 𝔻2 (for instance 1/𝑧). The ill-
posedness can, however, be thwarted by replacing all
𝐶1 functions on the boundary with the subspace of 𝐶1

functions that are 𝐿2-orthogonal to 1/𝑧𝑘 for all positive
integers 𝑘.

The Fragmentation of the Analysis of PDEs
The search for Cauchy problems has imposed a frag-
mentation of the field of PDEs into multiple areas of
analysis which have often developed independently of
each other. The analysis of PDEs cannot be encapsulated
into a single theory. It is in fact a field that might seem
disorderly from the outside. But this messiness, which
sometimes discourages would-be analysts, is in the very
nature of PDEs, and it is the source of an infinite di-
versity of phenomena, arguments, and results. One may
nevertheless attempt to put some order in this diversity
by singling out three main families of operators: elliptic,
such as Laplace’s equation; parabolic, such as the heat
equation; and hyperbolic, such as the wave equation. This
(overly) simplified classification leaves out many equa-
tions, including physical ones, such as the Schrödinger
equation or the Korteweg-deVries water-wave equation.
Nonetheless, understanding how the three basic families
differ from one another constitutes a first step in the
study of hybrid and more complicated PDEs. Parabolic
equations can be understood as elliptic equations with
time propagation, and thus these two families enjoymany
similar properties, such as smoothing and infinite speed
of propagation. Hyperbolic equations, on the other hand,
are very different, and they involve, for example, finite
speed propagation and the transport of singularities. The
work of Nirenberg has a barycenter closer to the first two
families, so we shall focus on elliptic and parabolic PDEs.

The Agmon-Douglis-Nirenberg Elliptic Cauchy Prob-
lems in the Banach 𝐿𝑝 spaces
In two fundamental papers published in 1959 and in 1964,
Schmuel Agmon, Avron Douglis, and Nirenberg solved the
elliptic Cauchy problems and the invertibility of elliptic
operators of arbitrary orders. They worked in the context
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of Banach 𝐿𝑝 spaces. They obtained a series of optimal
results that opened the way to explore not only linear but
also nonlinear PDEs, which were previously completely
out of reach.

Inequalities and A Priori Estimates
Gagliardo-Nirenberg Interpolation Inequalities
Thefield of PDEs is structured by inequalities. They are the
workhorses of the field. In themid-1950s, functional anal-
ysis was already rich in inequalities: Hölder, Minkowski,
Poincaré, Poincaré-Wirtinger, Young, Hausdorff-Young,
Hardy, Hardy-Littlewood, etc., not to mention the more
recent Sobolev inequalities. Deep scaling considerations (a
common trait in Nirenberg’s work) led Nirenberg around
1959—and independently Emilio Gagliardo—to discover
a large family of inequalities for Sobolev norms partway
between two others. For example, for a function 𝑢 of
compact support on ℝ𝑛, as 𝑡 varies from 0 to 1, one gets
a family of inequalities between the extreme cases:

‖𝑢‖𝐿𝑞 ≤ 𝐶‖𝑢‖𝑡
𝐿𝑝 (∫(|𝑢|𝑛 +|𝐷𝑢|𝑛))

(1−𝑡)/𝑛
(1 ≤ 𝑝 ≤ 𝑞 < +∞),

where 𝑡 = 𝑝/𝑞.

The Use of Gagliardo-Nirenberg Inequalities for Proving
A Priori Estimates
The notion of a priori estimates is central in PDEs.
Roughly speaking, it deals with bounding the norm of
an assumed solution in some Banach space 𝐸 before we
know that such a solution exists. In concrete situations,
looking at a given nonlinear PDE problem, one establishes
such an a priori bound in order to perform one of the
numerous available analytical methods to finally prove
the existence of a solution satisfying that bound: a fixed
point argument in a perturbation approach, the continuity
method, topological techniques such as Leray-Schauder
theory, functional analysis approaches such as monotone
operator theory, successive approximation, penalization
approaches such as elliptization or the viscosity method,
and variational approaches (such as minimization, min-
max methods, or Morse theory). Gagliardo-Nirenberg
inequalities are mostly used to control nonlinear terms
and establish a priori estimates. There are countless
applications for these inequalities.

The John-Nirenberg BMO Space: When Elasticity
Meets Harmonic Analysis
The analysis of PDEs has evolved and keeps evolving
in close partnership with the development of functional
analysis and function space theory. Many linear and non-
linear problems in PDEs have stimulated the introduction
of new function spaces, such as Sobolev spaces for solving
the Dirichlet problem. The converse is also true: knowl-
edge and properties of certain function spaces can trigger
a new understanding of PDEs.

In 1961, the mathematician Fritz John was studying
a rigidity problem from elasticity. The strain exerted on
a perfect elastic solid can be measured by the distance

of the gradient of the resulting deformation from the
orthogonal group. He asked the following question:

If the gradient of a transformation from Euclidean
space into itself is “close to” the group of rotations at every
point, is it globally close to one single rotation?

Johngave a counterexample butwas able to give control
on the rate of failure. In a subsequent collaboration,
which has since become a milestone in analysis, John
and Nirenberg systematically studied the subspace of
locally integrable functions whose elements satisfy such
estimates, the so-called space of functions of bounded
mean oscillation (BMO). They proved that it is strictly
larger than 𝐿∞ but smaller than 𝐿𝑝

loc for any 𝑝 < +∞.
The space BMO, which naturally arose in the context of
elasticity in 1960, was apparently unknown to functional
analysts. It was therefore a big surprise to discover, after
the remarkable work of Elias Stein and Charles Fefferman
in 1972, that BMO was the Banach dual of a famous space
introduced in complex function theory some forty years
earlier by Friedrich Riesz and named “Hardy space” 𝐻1

after a famous work by Godfrey Hardy from 1915.
The dual spaces 𝐻1 and BMO play a fundamental

role in PDEs. Empirically, one could say that they are
the “natural replacements” for 𝐿1 and 𝐿∞ which are not
compatible with Calderón-Zygmund theory; in fact, the
Agmon-Douglis-Nirenberg results do not hold either for
𝐿1 or 𝐿∞. In contrast, 𝐻1 and BMO are well behaved in
these theories.

The Maximum Principle
Nirenberg’s Strong Maximum Principle for Parabolic
Equations

It would be impossible to speak about the work of
Nirenberg without mentioning the maximum principle.
The contrast between the immense range of applications
of this principle and the simplicity of the heuristic idea
behind it is amazing.

In one dimension, the maximum principle states that a
continuously twice differentiable function on the segment
[0, 1] satisfying 𝑢 ≥ 0 on [0, 1] achieves its maximum value
on the boundary of the segment. In higher dimensions,
the maximum principle was known to Gauss since 1839
for solutions of Laplace’s equation, owing to the mean
value theorem for harmonic functions:

A solution to the Laplace equation on a bounded smooth
domain achieves its extremal values on the boundary of
the domain.

This formulation requires 𝕦 to solve a PDE, but it was
only at the beginning of the twentieth century that the
idea of a general principle for elliptic partial differential
inequalities emerged in a five-page paper of Eberhard
Hopf (1927). In the early 1950s, a weak version of this
principlewas known to hold for someparabolic operators.
In 1953, Louis Nirenberg proved a corresponding strong
version, the subject of the next section.
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The Notion of “Barriers”, the “Moving Plane” Method,
and the Gidas-Ni-Nirenberg Symmetry Principle
The heuristic idea behind the strong maximum principle,
at least in the simpler elliptic framework, has an interest-
ing geometric representation. We say that a linear elliptic
operator satisfies the strong maximum principle if the
following holds. Consider the graphs of a subsolution 𝕦
satisfying a related inequality and a supersolution 𝕧 sat-
isfying the opposite inequality over a bounded domain,
with one of them sitting above the other (i.e., 𝑢 ≥ 𝑣). The
strong maximum principle says that if they touch at some
interior point, then they are necessarily identical.

A subsolution satisfying 𝕃𝑢 ≥ 0 is then said to be
a “barrier” with respect to a supersolution satisfying
𝕃𝑣 ≤ 0 and vice versa. This geometric interpretation is
an incentive to manufacture barriers with respect to
solutions, subsolutions, and supersolutions in order to
prove pointwise inequalities via the maximum principle.
This fruitful technique has become a classic in analysis,
where it is known as a comparison argument. Devising
suitable barriers is nothing short of being an art in itself.
It requires deep intuition and thorough experience of the
problems considered.

The geometric interpretation of the maximum princi-
ple in both its strong andweak formulations was probably
first used in the 1955 work of Alexander Danilowitsch
Alexandrow. He used a comparison argument between
the solution itself and some reflections of it in order to
prove that embedded constant mean curvature closed
surfaces in ℝ3 are necessarily round spheres. Following
an important paper by James Serrin, Nirenberg, in col-
laboration with Basilis Gidas and Wei Ming Ni, converted
Alexandrow’s original idea for constant mean curvature
surfaces into a general method, as beautiful as it is ef-
ficient, nowadays known as the “moving plane method”.
With it, one can prove symmetry and uniqueness results
for positive solutions of semilinear scalar equations of
the form

−Δ𝑢 = 𝕗(𝕦).
These symmetry and uniqueness results are of utmost
importance, since they extend to a nonlinear framework
a fundamental principle in quantum mechanics and in
spectral theory, stating that the ground state of the
Laplace operator, which is necessarily positive, enjoys
special symmetries and has multiplicity one (i.e., it is
unique—the Krein-Rutman theorem).

This method and the ensuing symmetry results have
important applications to diverse areas of science: the
study of ground states of nonlinear Schrödinger models
in quantum mechanics (Figure 1), the vortex theory of
Onsager in thermodynamics, turbulence in statistical
physics, phase-transitions in Van der Walls fluids, the
Yamabe problem in differential geometry, etc.

The moving plane method consists of comparing an
arbitrary solution 𝕦 for the semilinear equation with
its successive reflections across a continuous family of
parallel hyperplanes. These reflections are used as barrier
functions for 𝕦. A key ingredient of the method is the
strong version of the maximum principle discovered by

Symmetry of Nonlinear Schrödinger Ground States

−Δu = f(u)

u

v = ut

u > 0 Ω

u = 0 on ∂Ω

Ht

Figure 6

Figure 1. The Gidas-Ni-Nirenberg moving plane
method proves, for example, the symmetry of the
Schrödinger ground state.

Hopf in the 1950s, now known as the Hopf boundary
lemma.

Later on,Nirenberg, in collaborationwithHenri Beresty-
cki, introduced a new “sliding method”, devised to prove
various pointwise estimates and asymptotic behaviors for
solutions in cylindrical domains to semilinear equations,
aswell as their parabolic counterparts. The slidingmethod
has numerous important applications to traveling-front
problems in the mathematical modeling of combustion
and flame propagation. Its novel idea consists of com-
paring the solution with its translations along the axis of
the cylinder rather than using the images by successive
symmetries of the solution as barriers.

The Dirichlet Problem for Nonlinear Second-Order
Elliptic Equations
We have stressed the importance of a priori estimates
for solving the Dirichlet problem of semilinear equations.
Proofs combine the Agmon-Douglis-Nirenberg 𝐿𝑝-theory
for boundary-value problems with Gagliardo-Nirenberg
estimates in various Banach spaces. For many scalar
equations of elliptic type which are more nonlinear and
moredegenerate than semilinear equations, themaximum
principle is an additional tool that can be added to the
mix to obtain the desired estimates.

In a series of five fundamental papers written in col-
laboration with Luis Caffarelli and Joel Spruck, Nirenberg
identified the maximum principle as a fundamental de-
vice to obtain a priori estimates and solve the Dirichlet
problem for so-called fully nonlinear PDEs. An example of
such an equation is the Monge-Ampère equation, which
appears in problems related to optimal transport as well
as in geometric problems of prescribed curvature.

These five papers by Caffarelli, Nirenberg, Spruck,
and Joseph Kohn (on one of them) have stimulated a
tremendous amount of research activity on fully non-
linear PDEs. These equations have an immense range of
applications in many fields of science, including material
sciences, finance, and computer vision. The original ideas
of Nirenberg et al. have influenced the development of a
whole branch of analysis, called viscosity theory for PDEs,
where the maximum principle plays a central and deci-
sive role. The viscosity theory for PDEs was introduced

February 2016 Notices of the AMS 123



?
u

g

S2

Kg > 0
R

3

Convex

�k

�i

�j

Figure 10

Figure 2. Can an abstract sphere with smooth
prescribed positive Gauss curvature be realized as a
convex surface in ℝ3ℝ3ℝ3?

by Lawrence Craig Evans (1980) and by Michael Crandall
and Pierre-Louis Lions (1983).

Solving Problems from Geometry
The analysis of PDEs and differential geometry are in-
timately intertwined. The central roles played by the
Laplace operator and by the 𝜕bar-operator in Riemann
surface theory constitute the simplest illustrations. The
second half of the twentieth century saw a dramatic
acceleration of the transfer of techniques from nonlinear
PDEs to the resolution of problems that seem a priori
confined to geometry. A spectacular example of the might
of the PDE approach in geometry is the recent proof of
the Poincaré conjecture by Grigori Perelman, which relies
heavily on the parabolic Ricci flow of Richard Hamilton.

Nirenberg’s Resolution of the Weyl Problem
The taste for geometry and the influence of geometric
questions are manifest in Nirenberg’s work. He is among
the pioneers who introduced elaborate analysis tools
for solving questions pertaining to embeddings, tensors,
curvature, and complex structures. His doctoral work
itself dealt with geometry. Following the invitation from
his advisors James Stoker and Kurt Friedrichs, he solved
a problem originally posed by Hermann Weyl:

Given a metric of positive Gauss curvature on the two-
dimensional sphere, can it be isometrically embedded as a
convex surface in ℝ3?

Nirenberg proved that it can if the given metric is
four times continuously differentiable (1953). In this first
work, the general philosophy is already present: one looks
for a priori estimates and combines them with suitable
continuity methods that leave the a priori estimates
unchanged along the deformation.

The Nirenberg Problem
The original “Nirenberg problem” can be stated as follows:

Which functions 𝐾 on the two-sphere can be realized as
the Gauss curvature of metrics conformal to the standard
metric?

This simply formulated question has brought forth
an enormous amount of work since the early 1970s, not
only because it is the simplest instance of a wide range

of similar questions (higher dimension, different curva-
ture tensor, scalar curvature, 𝑄-curvature, 𝜎𝜎𝜎𝑘-curvatures,
fractional curvatures) but also because it gives rise to
the major issues faced by conformal geometric analysts
in their study of “critical nonlinear PDEs”, such as con-
centration of compactness, Palais-Smale sequences, and
Morse theory. These issues appear as well in many cel-
ebrated problems: the Yamabe problem, harmonic map
theory, Yang-Mills equations, and constant mean curva-
ture surfaces, to name a few. The apparent simplicity of
the Nirenberg problem fosters the universal difficulties
arising in conformal geometric analysis.

Itwouldbemuchbeyondthescopeof thepresent report
to give a detailed account of the various arguments
and creativity which have flourished in the quest for
solving Nirenberg’s problem. We content ourselves with
mentioning that not every choice for 𝐾 gives rise to
a solution. This is seen, for example, using the Gauss-
Bonnet theorem and the now well-known Kazdan-Warner
necessary condition.

The Newlander-Nirenberg Complex Frobenius Theorem
Nirenberg has made important contributions to complex
geometry and complex analysis. Once again, PDE tech-
niques lie at the heart of the approach he favored to
tackle various geometric questions.

An important one deals with the integrability of almost
complex structures. Nirenberg and his student A. New-
lander succeeded in proving that a certain complex
Frobenius-type condition is sufficient for local solvability
in the 𝐶∞ framework.

Conclusion
At the end of these notes, one feels somewhat frustrated
to have only presented a small part of the prolific and
monumental work of Louis Nirenberg. Many important
contributions have been omitted, such as the analyticity of
solutions to analytic PDEs (in collaboration with Charles
Morrey), the regularity of free-boundary problems (in
collaboration with David Kinderlehrer and Joel Spruck),
and the partial regularity of solutions to the Navier-Stokes
equation (in collaboration with Luis Caffarelli and Robert
Kohn), which to this day remains the optimal step towards
solving the Millennium problem.

Nirenberg’s scientific endeavor is an exemplary re-
minder to all of us that research is first and foremost
a collective venture in which debating, discussing, and
exchanging ideas play a decisive role. It is the result
of no coincidence that Nirenberg made his professional
home at the Courant Institute at New York University, a
prestigious institution that has fostered, since its very
creation, a unique laboratory for the free exchange of
scientific ideas.

Although there are still many important theoretical
questions to answer, the analysis of partial differential
equations is nowadaysmostly aimedat better understand-
ing other fields of science, with applications in geometry,
physics, mechanics, chemistry, biology, social sciences,
technology. These developments, and the ones to come,
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anchor their roots in the immense efforts deployed in
the last century by human intelligence in this area of
mathematics. Mathematical knowledge is, however, not
only made of an accumulation of truths and results con-
fined to papers and books and transmitted in this form
to future generations. A large and immaterial share of
mathematical knowledge resides in the “living part” of
mathematics, in mathematicians themselves, with their
intuitions, their hesitations, their perseverance, and most
importantly, with their quest and search for beauty (as
surprising as it may sound to nonmathematicians!). Her-
mann Weyl once said, “My work always tried to unite the
truth with the beautiful, but when I had to choose one
or the other, I usually chose the beautiful.” We do not
know whether Nirenberg would agree with this quote, but
we would nonetheless like to thank him for the beautiful
mathematics he has produced and for generously sharing
it with us all for so many years.
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Tristan Rivière speaking at the
lively Abel Symposium in Nor-
way, May 2015.
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Recent Applications of
Nirenberg’s Classical Ideas
Communicated by Christina Sormani
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Louis Nirenberg teaching at the Courant Institute of
Mathematical Sciences, New York University.

In 2015, Louis Nirenberg and John F. Nash Jr. were
awarded the Abel Prize “for striking and seminal
contributions to the theory of nonlinear partial dif-
ferential equations and its applications to geometric
analysis.” While many an article has been written

describing Nirenberg’s greatest works, here we have
asked mathematicians to describe how they have applied
Nirenberg’s ideas in new and exciting ways.

We begin with Xavier Cabré, a former student of Niren-
berg, who describes extensions of the Gidas-Ni-Nirenberg
results on the symmetries of solutions to nonlinear elliptic
partial differential equations. Alice Chang then describes
recent work on Nirenberg’s problem: prescribing the
Gauss curvature on a sphere. Gregory Seregin discusses
recent work on the Navier-Stokes problem applying the
work of Caffarelli-Kohn-Nirenberg. Eric Carlen andAlessio

Christina Sormani is professor of mathematics at Lehman Col-
lege and CUNY Graduate Center. Her email address is sormanic@
gmail.com.

Xavier Cabré is ICREA Professor of Mathematics at the University
of Politecnica de Catalunya. His email address is xavier.cabre@
upc.edu.

For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1332

Figalli describe the stability of the GNS inequality and
recent applications of this result. Mu-TaoWang and Shing-
Tung Yau describe applications of Nirenberg’s solution
of the Weyl problem to general relativity.

Of course there are many, many more important
applications of Nirenberg’s work that we cannot touch
on in this article. In fact, Nirenberg has been cited over
10,000 times by over 5,000 authors. We hope just to give
a flavor of the new directions being taken with his work.

Xavier Cabré
The Gidas-Ni-Nirenberg Theorem
In 1979, Gidas, Ni, and Nirenberg [4] established an impor-
tant result on monotonicity and symmetry of solutions
to nonlinear second order elliptic PDEs (see Figure 1):

Theorem 1. Let Ω be a bounded smooth domain of ℝ𝑛 =
ℝ × ℝ𝑛−1 which is symmetric with respect to {(𝑥1, 𝑥′) ∶ 𝑥1 =
0}:

if (𝑝1, 𝑥′) ∈ Ω, then the reflected point (−𝑝1, 𝑥′) ∈ Ω

Figure 1. Students at the City University of New York
discussing the symmetries of solutions as described
in the Gidas-Ni-Nirenberg Theorem.
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and is convex in the 𝑥1-direction:

if 𝑝 = (𝑝1, 𝑥′) ∈ Ω and 𝑞 = (𝑞1, 𝑥′) ∈ Ω,
then the line segment 𝑝𝑞 ⊂ Ω.

Let 𝑓 be a locally Lipschitz function and 𝑢 be a bounded
positive solution of

(1) − Δ𝑢 = 𝑓(𝑢) in Ω with 𝑢 = 0 on 𝜕Ω.
Then 𝑢 is symmetric with respect to {𝑥1 = 0}:

𝑢(𝑝1, 𝑥′) = 𝑢(−𝑝1, 𝑥′) ∀(𝑝1, 𝑥′) ∈ Ω,
and 𝑢 is monotone for 𝑥1 > 0:

𝜕𝑥1
𝑢 < 0 in Ω ∩ {𝑥1 > 0}.

In particular, if Ω = 𝐵𝑅 is a ball, then 𝑢 is radially symmet-
ric and

𝜕𝑟𝑢 < 0 ∀𝑥 ∈ 𝐵𝑅\{0} where 𝑟 = |𝑥|.
The proof uses the maximum principle and is very

flexible. It allows for extensions to some unbounded
domains (in particular, all of ℝ𝑛), to fully nonlinear elliptic
equations, to some nonlinearities 𝑓(𝑥, 𝑢) depending also
on the variable 𝑥 ∈ Ω, as well as to some elliptic systems
of equations. As a consequence, this is Louis Nirenberg’s
most cited paper. As he once said, “I made a living off the
maximum principle.”

If for a certain nonlinearity function, 𝑓 , one knows
that there is uniqueness of positive solution to the above
boundary value problem (this happens for instance when
𝑓 is nonincreasing, since then the energy functional is
convex), then the solution 𝑢 must be symmetric as an
immediate consequence of the uniqueness. However, in
many interesting applications (certain ground states in
mathematical physics, curvature equations in conformal
geometry), uniqueness does not hold, and the symmetry
result requires a proof. Note also that positivity of
the solution is needed in the assumptions. Indeed, the
second Dirichlet eigenfunction of the Laplacian in a ball
(like sin(𝑥) on [−𝜋, 𝜋]) satisfies −Δ𝑢 = 𝜆2𝑢, but it is not
radially symmetric. In fact, it is odd with respect to one
hyperplane through the center of the ball.

x1

x2

Σλ

Tλ

Ω

Figure 2. In the Alexandrov method, one reflects
domains Σ𝜆Σ𝜆Σ𝜆 across vertical hyperplanes 𝑇𝜆𝑇𝜆𝑇𝜆 that move
continuously from the right to the middle.
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Sophus Lie and Niels Henrik Abel, the two Norwegian
mathematicians who inspired the Abel Prize.

The proof of the Gidas-Ni-Nirenberg result uses the
powerful Alexandrov moving planes method. Alexandrov
developed this method circa 1955 in a series of papers
to establish (among other results) that spheres are the
only embedded, bounded, and connected hypersurfaces
of ℝ𝑛 with constant mean curvature. In 1971, J. Serrin
[6] used the method to prove that balls are the only
bounded smooth domains that admit a solution to certain
overdetermined boundary value problems.

In the Alexandrov method, one considers the planes
𝑇𝜆 = {𝑥1 = 𝜆}, the domains Σ𝜆 = Ω ∩ {𝑥1 > 𝜆}, and the
reflected function 𝑢𝜆(𝑥) = 𝑢(2𝜆 − 𝑥1, 𝑥′) (the reflection of 𝑢
across 𝑇𝜆) as in Figure 2. One shows that 𝑢 < 𝑢𝜆 in Σ𝜆 for
all 0 < 𝜆 < 𝜆∗ ∶= supΩ 𝑥1. One starts proving this for 𝜆 close
to 𝜆∗ and then showing, through a continuity argument,
that the same holds all the way down to 𝜆 = 0. The two
ingredients used here are the Hopf boundary lemma and
the strong maximum principle. They are applied to the
difference 𝑢𝜆 − 𝑢, which satisfies a linear equation, since
𝑢𝜆 solves the same nonlinear equation as the one for 𝑢.

Sidebar 1. Abel Prize Winners

2015: John Forbes Nash, Jr. and Louis Nirenberg
2014: Yakov Sinai
2013: Pierre Deligne
2012: Endre Szemerédi
2011: John Milnor
2010: John Tate
2009: Mikhail Leonidovich Gromov
2008: John G. Thompson and Jacques Tits
2007: S. R. Srinivasa Varadhan
2006: Lennart Carleson
2005: Peter Lax
2004: Michael Atiyah and Isadore Singer
2003: Jean-Pierre Serre
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The use of the Hopf boundary lemma required some
regularity of the domain Ω in the original paper of Gidas-
Ni-Nirenberg, and thus symmetry in domains such as
a square in the plane was left open. A new approach
was then developed by Berestycki and Nirenberg in 1991.
It replaced the use of the Hopf lemma by a maximum
principle in “small domains”, domains such as Σ𝜆 when 𝜆
is very close to 𝜆∗ or Σ𝜆\𝐾, where 𝜆 is arbitrary and 𝐾 is a
sufficiently large compact set inside Σ𝜆. In this way, they
succeeded in proving symmetry in nonsmooth domains
such as cubes. In addition, Berestycki and Nirenberg
[1] introduced the sliding method: a new and powerful
tool leading to the monotonicity of solutions in certain
problems (and sometimes to their uniqueness or to their
oddness). It consists of comparing the solution 𝑢 with the
slided (or translated) solutions 𝑢𝜆(𝑥) ∶= 𝑢(𝑥1 + 𝜆, 𝑥′).

Within elliptic PDEs there has been great activity in
these last years on equations involving fractional Lapla-
cians or related nonlocal operators, for instance, the
generators of Lévy stable diffusion processes. They arise
when studying anomalous diffusions in plasmas, chemical
reactions in liquids, geophysical fluid dynamics, popu-
lation dynamics, and finance. The Gidas-Ni-Nirenberg
result has recently been extended to many of these frac-
tional operators. For example, Birkner, López-Mimbela,
and Wakolbinger [2] extended it to the Dirichlet prob-
lem in a ball for the fractional Laplacian, which reads
(−Δ)𝑠𝑢 = 𝑓(𝑢) in 𝐵𝑅 and 𝑢 = 0 in ℝ𝑛\𝐵𝑅 (the complement
of 𝐵𝑅).

In 2010, Jinggang Tan and I [3] used the moving
planes method to show symmetry and monotonicity for
the spectral square root of the Laplacian on a bounded
domain with zero Dirichlet boundary conditions. That is,
we considered positive solutions to

(2) 𝐴1/2𝑢 = 𝑓(𝑢) in Ω with 𝑢 = 0 on 𝜕Ω.
To define 𝐴1/2, we took the eigenvalues, 𝜆𝑘, and eigen-
functions, 𝜑𝑘, of the Laplacian in Ω:

−Δ𝜑𝑘 = 𝜆𝑘𝜑𝑘 in Ω with 𝜑𝑘 = 0 on 𝜕Ω.
Then, given the expansion 𝑢 = ∑∞

𝑘=1 𝑐𝑘𝜑𝑘, we set 𝐴1/2𝑢 =
∑∞

𝑘=1 𝑐𝑘𝜆1/2
𝑘 𝜑𝑘.

This is a nonlocal problem, but we transformed it into
a local problem in one more dimension by viewing it as
a Dirichlet-to-Neumann operator: given 𝑢 in Ω, find its
harmonic extension 𝑤 in Ω × [0, ∞) with zero Dirichlet
condition on 𝜕Ω × [0, ∞). Then we have 𝐴1/2𝑢 = 𝜕𝑤

𝜕𝜈 |Ω×{0}.
We were then able to apply the moving planes method,
combined with a maximum principle in domains of small
measure, to obtain the Gidas-Ni-Nirenberg type symmetry
results for locally Lipschitz nonlinearities 𝑓 . In particular,
if Ω is a ball, we proved that any positive solution 𝑢 to (2)
is rotationally symmetric and 𝑢𝑟 < 0 within the ball.
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Sun-Yung Alice Chang
Nirenberg’s Problem
In 1970, Louis Nirenberg proposed the problem of “pre-
scribing Gaussian curvature on the sphere.” This question
has led to one of the most active and exciting subfields
of geometric analysis. The penetrating question raised by
Nirenberg is,What are the functions, 𝐾, which can arise as
the Gaussian curvature function, 𝐾𝑔, for some Riemannian
metric, 𝑔, on the sphere?

On the standard two-dimensional sphere, by the Gauss-
Bonnet formula, one has

(3) ∫
𝑆2

𝐾𝑔𝑑𝑣𝑔 = 4𝜋.

Thus any such Gaussian curvature function 𝐾𝑔 must be
positive somewhere on the sphere. See Figure 4 for a
surface with positive Gaussian curvature everywhere and
this issue’s article, “WHAT IS...Gauss Curvature?” (page
144), for more information about Gaussian curvature.

At the time that Nirenberg’s problem was originally
posed, it was considered that this might be the only
restriction on the function 𝐾 = 𝐾𝑔. Then in 1974, Kazdan-
Warner ([4]) indicated that this is not the case, that 𝐾 = 𝐾𝑔
must satisfy another condition:

(4) ∫
𝑆2

⟨∇𝐾, ∇𝑥𝑖⟩𝑑𝜇𝑔 = 0,

Sun-Yung Alice Chang is Eugene Higgins Professor of Mathe-
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Louis Nirenberg, Alice Chang and Paul Yang in 2015.

where 𝑥𝑖, 𝑖 = 1, 2, 3, are the coordinate functions of the
sphere. In particular, the Nirenberg problem has no
solution for 𝐾(𝑝) = 𝑓(𝑥1(𝑝)) where 𝑓 is monotone.

Nirenberg’s problem was first studied in the 1971
doctoral thesis of D. Koutroufiotis, a PhD student of
Nirenberg. Here 𝑔 was assumed to be conformal to the
standard metric, 𝑔0, on the two-dimensional sphere, 𝕊2.
If one writes 𝑔 = 𝑒2𝜔𝑔0, then the problem is equivalent to
solving
(5) − Δ𝜔 + 1 = 𝐾𝑒2𝜔 on 𝕊2,
where Δ is the Laplacian with respect to the standard
metric 𝑔0 on 𝕊2. Koutroufiotis proved that when 𝐾 is
antipodally symmetric and sufficiently close to 1, then
there is a solution, 𝑔, to the problem 𝐾 = 𝐾𝑔.

In 1973 Moser proved that for any antipodally sym-
metric function 𝐾 which is positive somewhere, there is a
solution to this original version of the Nirenberg problem.
This important breakthrough was founded upon Moser’s
inequality, a sharp version of a limiting Sobolov imbed-
ding result by Trudinger. To prove his result, Moser first
observed that solutions 𝜔 to (5) are the critical points of
the functional

𝐹𝐾 [𝜔] = log 1
4𝜋 ∫

𝕊2
𝐾𝑒2𝜔𝑑𝜇0 − 1

4𝜋 ∫
𝕊2

(|∇𝜔|2 + 2𝜔) 𝑑𝜇0.

Figure 3. An ellipsoid shaded by Gaussian curvature.

Moser’s inequality provides a bound on the terms in the
right-hand side of this inequality. One may then find a
solution to the Nirenberg problem as a limit of a sequence
of functions via a minimax procedure using this bound
to prove the sequence converges. This method has led
to many additional partial solutions of the Nirenberg
problem, including results by the author with P. Yang,
K. C. Chang with J. Q. Liu, Z. C. Han, and others.

In particular, the author and Paul Yang proved the
following theorem in 1987: Let 𝐾 be a positive smooth
function with only nondegenerate critical points. Suppose
there are at least two local maxima of 𝐾 and suppose that
at all saddle points, 𝑝, of 𝐾, we have Δ𝑔0

𝐾(𝑝) > 0. Then 𝐾
is the Gauss curvature 𝐾𝑔 of a metric 𝑔 conformal to 𝑔0.
In joint work with Gursky and Yang appearing in 1993,
the author provided an “index formula” for 𝐾 to be the
Gaussian curvature of a metric 𝑔 conformal to 𝑔0. In 2005,
Michael Struwe re-proved our 1987 theorem using flow
methods and produced an example demonstrating that
the hypotheses are in some sense the best possible. More
precisely, Struwe constructed functions, 𝐾, having exactly
two local maxima and one saddle point, 𝑝, where Δ𝐾(𝑝) <
0, which cannot be realized as curvature functions of
conformal metrics on the two-dimensional sphere.

In another direction, the problem of prescribing Gauss-
ian curvature further developed into the problem of
“prescribing 𝑄-curvature”. The connection of 𝑄-curvature
to the Gauss curvature was first pointed out by T. Branson
in 1995. For example, on 4-spheres, through the Gauss-
Bonnet formula, one has ∫𝑆4 𝑄𝑔𝑑𝑣𝑔 = 32𝜋2. It turns out
that 𝑄-curvatures on compact manifolds of even dimen-
sions share many of the same analytic properties as the
Gaussian curvature on compact surfaces, and the tool
introduced by Moser can be effectively applied. Study of
𝑄-curvature has become an important topic in confor-
mal geometry, with applications to problems in Ads/CFT
theory (by Graham-Zworski and Fefferman-Graham) and
geometry (by Chang-Gursky-Yang and others). The field
is active and developing (with important papers in 2013
by Branson-Fontana-Morpurgo and by Case-Yang).

On a Personal Note:
My relationship with Louis began as that of a mentor
and later a respected, well-admired friend. All the time I
have spent with him—either discussing mathematics or
just chatting—has been wonderful. It is like the saying in
Chinese, “You are enjoying the breeze of the spring,” a
wonderful experience in life.
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Gregory Seregin
Caffarelli-Kohn-Nirenberg and the Navier-Stokes
Problem
One of the main problems in the field of mathematical
hydrodynamics is a global well-posedness of the initial
boundary value problem for the Navier-Stokes equations:
(6) 𝜕𝑡𝑢 + 𝑢 ⋅ ∇𝑢 − Δ𝑢 + ∇𝑝 = 𝑓 and div𝑢 = 0 on Ω × [0, ∞),
with the value of 𝑢 prescribed on Ω×{0} and on 𝜕Ω×[0, ∞).
Here 𝑢 is the velocity field of the fluid and 𝑝 is the pressure.
See Figure 4.

The conceptual
novelty of this
paper is their

explicit
introduction of a
new notion of
suitable weak
solutions to the
Navier-Stokes
equations

One of the possi-
ble ways to attack
this question is to
consider the so-called
weak Leray-Hopf solu-
tions. Such solutions
have finite energy and
exist globally, and, as
observed by J. Leray
in 1934, their unique-
ness would follow
from their smooth-
ness. In the 1970s
Scheffer proved the
existence of such so-
lutions, 𝑢, for all time,
such that thevorticity,
∇ × 𝑢, is continuous
outside a set of fi-
nite one-dimensional

Hausdorff measure in space.
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The 1982 Caffarelli-Kohn-Nirenberg paper is one of the
most important steps toward understanding whether or
not the Navier-Stokes equations provide a deterministic
description of the flow of a viscous incompressible fluid.
The conceptual novelty of this paper is their explicit
introduction of a new notion of suitable weak solutions to
the Navier-Stokes equations in space-time domains. Louis
Nirenberg and his co-authors focus on differentiability
properties of these suitable weak solutions rather than
consider a global setting with initial and boundary condi-
tions. This makes the problem of regularity in a sense a
local one.

Observe first that the Navier-Stokes equations are
invariant under parabolic rescalings. That is, if 𝑢(𝑥, 𝑡)
and 𝑝(𝑥, 𝑡) solve (6) for 𝑓(𝑥, 𝑡), then 𝑢𝜆(𝑥, 𝑡) = 𝜆𝑢(𝜆𝑥, 𝜆2𝑡)
and 𝑝𝜆(𝑥, 𝑡) = 𝜆2𝑝(𝜆𝑥, 𝜆2𝑡) also satisfy (6) for 𝑓𝜆(𝑥, 𝑡) =
𝜆3𝑓(𝜆𝑥, 𝜆2𝑡). Thus it is natural to consider parabolic
cylinders:

𝑄𝑟(𝑥, 𝑡) = {(𝑦, 𝜏) ∶ |𝑦 − 𝑥| < 𝑟, 𝑡 − 𝑟2 < 𝜏 < 𝑡}.
Then one may define the one-dimensional Hausdorff
measure using these parabolic cylinders, 𝑃 1.

Caffarelli-Kohn-Nirenberg prove that their suitable
weak solutions are smooth away from a singular set
𝑆 with 𝑃 1(𝑆) = 0. They consider a pair 𝑢(𝑥, 𝑡) and 𝑝(𝑥, 𝑡) to
be a suitable weak solution on 𝑄𝑟(𝑥, 𝑡) if

sup
𝜏∈(𝑡−𝑟2,𝑡)

∫
𝐵𝑟(𝑥)

|𝑢(𝑦, 𝜏)|2𝑑𝑦 + ∫
𝑄𝑟(𝑥,𝑡)

|∇𝑢|2𝑑𝑦𝑑𝜏 < ∞,

if 𝑝 ∈ 𝐿 5
4
(𝑄𝑟(𝑥, 𝑡)), and if 𝑢 and 𝑝 satisfy the classical

Navier-Stokes system in the sense of distributions on
𝑄𝑟(𝑥, 𝑡):

2 ∫
𝑄𝑟(𝑥,𝑡)

|∇𝑢|2𝜑𝑑𝑦𝑑𝜏

≤ ∫
𝑄𝑟(𝑥,𝑡)

[|𝑢|2(𝜕𝜏𝜑 + Δ𝜑) + 𝑢 ⋅ ∇𝜑(|𝑢|2 + 2𝑝)]𝑑𝑦𝑑𝜏

for any nonnegative smooth function 𝜑 compactly sup-
ported in 𝑄𝑟(𝑥, 𝑡). The space for pressure can be taken
slightly differently in order to simplify statements, and

Figure 4. A numerical implementation of
Navier-Stokes by Florian de Vuyst. Complete videos
of the flow can be found linked from his webpage
devuyst.perso.math.cnrs.fr.

130 Notices of the AMS Volume 63, Number 2

http://devuyst.perso.math.cnrs.fr


such a space is 𝐿 3
2
(𝑄𝑟(𝑥, 𝑡)). With this minor simplifica-

tion and the assumption 𝑓 = 0, one important theorem in
Caffarelli-Kohn-Nirenberg may be restated as follows:

Theorem 2. If 𝑢 and 𝑝 are a suitable weak solution to the
Navier-Stokes equations in 𝑄𝑟(𝑥, 𝑡), then there exist positive
universal constants 𝜀 and 𝑐𝑘, 𝑘 = 0, 1, … , such that if

1
𝑟2 ∫

𝑄𝑟(𝑥,𝑡)

(|𝑢|3 + |𝑝| 3
2 )𝑑𝑦𝑑𝜏 < 𝜀,

then |∇𝑘𝑢(𝑦, 𝜏)| ≤ 𝑐𝑘/𝑟𝑘+1 for any (𝑦, 𝜏) ∈ �̄�𝑟/2(𝑥, 𝑡) and any
𝑘 ∈ ℕ.

In fact, the linear theory implies that all functions ∇𝑘𝑢
are Hölder continuous in the closure of 𝑄𝑟/2(𝑥, 𝑡). The
exponent of Hölder continuity is related to the choice of
a functional space for the pressure.

Letmegive a simple applicationofTheorem2 that arose
when proving the Ladyzhenskaya-Prodi-Serrin condition
of regularity by rescaling around a possible singular point.
After a certain rescaling, there are sufficiently smooth
functions 𝑢 and 𝑝 that satisfy the Navier-Stokes equations
in ℝ3×] − ∞, 0[. Suppose that ‖𝑢‖𝐿5(ℝ3×]−∞,0[) is bounded.
Let us prove a Liouville-type theorem saying that 𝑢 = 0.
Given 𝜇 > 0, we can find 𝐴 < 0 such that

𝐴

∫
−∞

∫
ℝ3

(|𝑢|5 + |𝑝| 5
2 )𝑑𝑥𝑑𝑡 < 𝜇.

Fix any 𝑧0 = (𝑥0, 𝑡0) with 𝑡0 ≤ 𝐴. Then for any 𝑅 > 0,
1

𝑅2 ∫
𝑄𝑅(𝑧0)

(|𝑢|3 + |𝑝| 3
2 )𝑑𝑥𝑑𝑡

≤ 𝑐( ∫
𝑄𝑅(𝑧0)

(|𝑢|5 + |𝑝| 5
2 )𝑑𝑥𝑑𝑡)

3
5 ≤ 𝑐𝜇 2

5 .

If 𝜇 2
5 ≤ 𝜀, then one can use Theorem 2 and conclude

that |𝑢(𝑧0)| ≤ 𝑐0/𝑅. Taking 𝑅 → ∞, we can deduce that
𝑢 = 0 in ℝ3×] − ∞, 𝐴[. We then split the interval ]𝐴, 0[
into sufficiently small pieces and sequentially exclude the
corresponding layers in order to complete the proof that
𝑢 = 0.

A more sophisticated application of this theorem
appears in my 2012 paper on the potential blowup for
Navier-Stokes equations and in an earlier paper of mine
with Escauriaza and Šverák appearing in 2003. In the
more recent paper, which improves upon the work in the
earlier paper, one considers weak Leray-Hopf solutions
to Navier-Stokes equations on ℝ3 × [0, 𝑇 ) with initial data
𝑢(𝑥, 0) = 𝑢0(𝑥) smooth with compact support. If the finite
energy solution arising from 𝑢0 blows up at time 𝑇 < ∞,
then

lim
𝑡→𝑇 −

||𝑢(𝑥.𝑡)||𝐿3(ℝ3) = ∞.
In order to prove this result, one needs to apply a
backward uniqueness theorem for a certain parabolic
differential inequality. We need to provide a decay at the
spatial infinity for some ancient (backward) solution to the
Navier-Stokes equations. Recall that an ancient solution
is one which is well defined for all time 𝑡 ∈ (−∞, 0)

and is found by taking a parabolic rescaling around the
developing singularity. In particular, having in our hands
a finite global 𝐿3-norm, we can make the tails of the
corresponding integrals small enough and then apply the
Caffarelli-Kohn-Nirenberg theorem stated above.

In a sense, the results of the Caffarelli-Kohn-Nirenberg
paper seem to be optimal for a local solution. To go
further, one needs additional information on the global
level, i.e., on the level of initial boundary value problems
for the Navier-Stokes system. In his interview with the
Notices of AMS in 2002, Nirenberg pointed out that further
applications of harmonic analysis could be useful toward
making additional advances.
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Eric Carlen and Alessio Figalli
Stability of the Gagliardo-Nirenberg Sobolev
Inequality
A central focus of Nirenberg’s research has been partial
differential equations. An important tool in their study
consists of using functional inequalities that control
some 𝐿𝑞 norm of a function in terms of the norm of its
derivatives.

The Sobolev inequalities are the classic example. Let

‖𝑢‖𝑞 = (∫
ℝ𝑛

|𝑢(𝑥)|𝑞d𝑥)
1/𝑞

,

for 1 ≤ 𝑞 < ∞, denote the 𝐿𝑞 norm of a function 𝑢. Then,
for 1 ≤ 𝑝 < 𝑛, there exists a constant 𝐶(𝑛, 𝑝) such that for
all smooth functions 𝑢 ∶ ℝ𝑛 → ℝ vanishing at infinity,

‖𝑢‖𝑝∗ ≤ 𝐶(𝑛, 𝑝)‖∇𝑢‖𝑝, 𝑝∗ ∶= 𝑛𝑝
𝑛 − 𝑝 .

The value of 𝑝∗ is determined by scaling: inserting 𝑢(𝜆𝑥),
𝜆 > 0, into the inequality above, the 𝐿𝑝∗ norm is the only
one for which both sides are proportional to the same
power of 𝜆.

As useful as these inequalities are, in the late 1950s
mathematicians studying elliptic and parabolic regularity
understood the need for an extension of the Sobolev
inequalities. The first example in this direction appeared
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Figure 5. The Keller-Segel model of chemotaxis shows
the characteristic clumping. Numerical
implementation by Ibrahim Fatkullin.

in Nash’s famous paper about the regularity of solu-
tions to parabolic equations with measurable coefficients
[5], where he showed what is now called the “Nash
inequalities”:1

‖𝑢‖2
2 ≤ 𝐶𝑛 ‖∇𝑢‖𝑛/(𝑛+2)

2 ‖𝑢‖2/(𝑛+2)
1 .

Basically at the same time as Nash, both Gagliardo
and Nirenberg independently proved a general family of
inequalities including both the Sobolev inequalities and
the Nash inequality as special cases. In their form, these
can be stated as follows.

Theorem 3 (Gagliardo-Nirenberg). Let 𝑢 ∶ ℝ𝑛 → ℝ be a
smooth function vanishing at infinity. Then, for any 1 ≤
𝑝 ≤ 𝑛 and 1 ≤ 𝑟 ≤ 𝑞 ≤ 𝑝∗,

‖𝑢‖𝑟 ≤ 𝐶(𝑛, 𝑝, 𝑟, 𝑠)‖∇𝑢‖𝜃
𝑝‖𝑢‖1−𝜃

𝑞 ,
where 𝜃 ∈ [0, 1] satisfies 1/𝑟 = 𝜃 (1/𝑝 − 1/𝑛) + (1 − 𝜃)/𝑞 .

Again, the relation beween the exponents and 𝜃 is
governed by scaling. Note that the Gagliardo-Nirenberg
Sobolev inequalities hold and were proved by them for
higher derivatives of 𝑢 and a larger set of exponents as
well. Here we stated only the most frequently used cases.

The initial applications of these inequalities to regu-
larity problems did not require knowledge of the sharp
constant 𝐶(𝑛, 𝑝, 𝑟, 𝑠). However, the Gagliardo-Nirenberg
Sobolev inequalities have since found many other ap-
plications for which this knowledge is useful and has
motivated work to determine the sharp constants and
optimizers.

While it is relatively easy to show that minimizers exist
and are radially symmetric, finding the sharp constants
and the explicit formof theminimizers has only beendone
in a few cases. Carlen and Loss [2] did this for the Nash
inequalities, and Del Pino and Dolbeault [3] did this for
the one-parameter family of inequalities corresponding
to the case 𝑝 = 2, 𝑞 = 𝑡 + 1, and 𝑟 = 2𝑡. The work in [2] was
motivated by a question raised by Kato concerning the
2-dimensional Navier-Stokes equation, while the authors
of [3] used the sharp form of these GN inequalities to
study nonlinear diffusions.

1In his paper, Nash thanks Elias Stein for the proof (using the
Fourier transform) of this inequality.

Recent works have shown that going beyond the
characterization of the optimizers and proving a stability
result can actually give further information on the rate of
approach to the equilibrium for such nonlinear diffusion
equations. For example, consider the Gagliardo-Nirenberg
Sobolev inequality in the particular case 𝑛 = 2, 𝑝 = 2, 𝑟 = 4,
𝑠 = 6. In this case, the sharp form found by Del Pino and
Dolbeault takes the form

𝜋 ‖𝑢‖6
6 ≤ ‖∇𝑢‖2

2‖𝑢‖4
4,

and there is equality if and only if, up to a dilation,
𝑢(𝑥) = 𝑣𝜆,𝑥0

(𝑥) ∶= 𝜆1/3(1 + 𝜆2|𝑥 − 𝑥0|2)−1/2.
We now define the quantity

𝛿𝐺𝑁 [𝑢] ∶= ‖∇𝑢‖2
2‖𝑢‖4

4 − 𝜋 ‖𝑢‖6
6.

Note thatby theabove, 𝛿𝐺𝑁 [𝑢] isnonnegative. Furthermore,
if 𝛿𝐺𝑁 [𝑢] = 0, then 𝑢 is an optimizer. We say this last fact
is “stable” if 𝛿𝐺𝑁 [𝑢] < 𝜀 for 𝜀 > 0 sufficiently small implies
that 𝑢 is close to an optimizer in some suitable norm.

In 2013 we proved the following quantitative stability
estimate:

Theorem 4. Let 𝑢 ∶ ℝ𝑛 → ℝ be a smooth nonnegative func-
tion vanishing at infinity such that ‖𝑢‖6 = ‖𝑣1,0‖6. Then
there exist universal constants 𝐾1, 𝛿1 > 0 such that when-
ever 𝛿𝐺𝑁𝑆[𝑢] ≤ 𝛿1,

(7) inf
𝜆>0,𝑥0∈ℝ2

‖𝑢6 − 𝑣6
𝜆,𝑥0

‖1 ≤ 𝐾1 √𝛿𝐺𝑁 [𝑢].

In the same paper, we applied this result to obtain
a quantitative bound to the rate of convergence of
equilibrium for the critical mass Keller-Segel equation.

This equation was introduced by Evelyn Keller and
Lee Segel in 1970 to model the aggregation exhibited
by slime molds, a name for several types of eukaryotic
cells that, depending on environmental circumstances
and life cycle, either live freely as individual cells or else
aggregate into tightly boundunits. Themechanismdriving
aggregation in a population of free cells is chemotaxis: the
cells emit a chemical attractant that draws the population
together, while the diffusivemotion of free cells promotes
dispersion of the population (see Figure 5). The equation
is mathematically and biologically interesting because
there is a critical balance between the dissipative effects
of diffusion and the accretive effects of chemotaxis, and
a sharp Gagliardo-Nirenberg-Sobolev inequality together
with related inequalities determines what happens at the
threshold where these effects are balanced.

It is interesting that the papers of Gagliardo, Nirenberg,
and Nash all appeared in 1958, and their utility for
questions concerning rates of smoothing and decay of
norms for solutions of parabolic equations, which has
been the source of much of their continuing interest,
was already realized at this time. A posteriori, these
results had a tremendous impact in surprisingly many
applications and have inspired—and still do inspire—an
enormous number of authors.
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Mu-Tao Wang and Shing-Tung
Yau
Isometric Embeddings of Surfaces
In 1916, Weyl proposed the conjecture that every closed
surface with positive Gauss curvature can be isometri-
cally embedded into Euclidean 3-space. Moreover, this
embedding should be unique up to an isometry of the
Euclidean 3-space. Weyl’s problem can be considered as
an existence and uniqueness problem for a global elliptic
equation, and he contributed an important estimate of
the second fundamental form. This was a major global
problem in classical geometry in the first half of the
twentieth century. Lewy solved Weyl’s problem for real
analytic metrics in 1932.

It was not until 1954 that Nirenberg and Pogorelov
solved Weyl’s problem for smooth metrics independently
and using very different methods. While some of their
work depends on the works of Morrey in 1938 on the
general theory of elliptic equations, these are spectacular
papers. Nirenberg’s paper also includes a solution to the
Minkowski problem. Both results have inspired much of
the later work on global elliptic problems.

The work of Nirenberg-Pogorelov also has important
applications in general relativity. The question of defining
and understanding the concept of quasi-local mass had
been a central topic since the works of Hawking and
Penrose. The idea of defining mass in general relativity
went all the way back to Einstein. It was difficult because
the theory of general relativity is a nonlinear theory where
gravity is dictated by a tensor, while Newtonian gravity is
basically linear and depends on a scalar.

The concept of the mass of an isolated gravitational
system was defined by Arnowitt-Deser-Misner (ADM) in
1962 as an asymptotic value of the gravitational flux
through spheres expanding out to infinity. As a special
case, one may assume the spacelike manifold is time
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symmetric and asymptotically flat and satisfies the dom-
inant energy condition. So it is an asymptotically flat
three-dimensional Riemannian manifold with nonnega-
tive scalar curvature. The positive mass theorem of the
second author and Schoen, proven in 1979, states that
the ADM mass of such a manifold is nonnegative and if
the ADM mass is zero, then the manifold is flat Euclidean
3-space.2

A notion of quasi-local mass still needs to be defined
for bounded regions in a manifold. In fact, in the special
year in geometry of 1979 at the Institute for Advanced
Study, Penrose announced that the first major problem
in classical general relativity was the concept of quasi-
local mass. Ideally such a notion should take on positive
values on a three-dimensional manifold with nonnegative
scalar curvature unless the interior of the region is flat.
It should asymptotically approach the ADM mass for
spheres expanding to infinity. It should depend only
upon the local properties of the boundary surface of the
region,much as a flux depends only upon such properties.

One notion of quasi-local mass proposed by Brown-
York in 1991–93 applies the work of Nirenberg-Pogorelov.
The Brown-York quasi-local mass of a region is found
by taking the difference of the total mean curvature of
the surface’s unique isometric embedding into Euclidean
three-dimensional space and subtracting the total mean
curvature of the surface as it lies in the spacelikemanifold.
Brown-York made this important step towards the defini-
tion of quasi-local mass by finding a surface Hamiltonian
expression, which was derived from the Hilbert-Einstein
functional. Their original version of the definition ap-
peared to be gauge dependent (as it depended upon the
three-manifold the surface enclosed). Many important
works appeared immediately, including a key paper of
Hawking-Horowitz in 1996.

Shi and Tam proved in 2002 that the Brown-York
mass of a region in a three-dimensional manifold with
nonnegative scalar curvature is nonnegative. Moreover,
if the Brown-York mass is zero, then the region is iso-
metric to the region lying within the Nirenberg-Pogorelov
embedding into Euclidean space. It is interesting to note

2For simplicity we discuss only three dimensions here.
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that Shi-Tam were unaware of the work of Brown-York
and the applications to general relativity at the time and
were concerned only withmanifolds of nonnegative scalar
curvature and the work of Nirenberg-Pogorelov.

In general relativity it is essential to study a wide
class of spacelike manifolds, not just those which are
time symmetric and satisfy the positive energy condition
(and thus have positive scalar curvature). In general such
spacelike manifolds in spacetime have both a metric
tensor and a second fundamental form. They may be
viewed as initial data sets, and indeed Choquet-Bruhat
proved in 1952 the existence and uniqueness of solutions
to Einstein’s equation given such initial data. A notion of
quasi-local mass of a region in such a manifold should
depend only upon this data on the boundary surface of
the region. It should be zero when the manifold is a
spacelike submanifold of flat Minkowski space (which has
no matter field and no gravitation).

Liu-Yau introduced a quasi-local mass that was proven
to be positive using Shi-Tam’s proof and both Schoen-
Yau’s proof and Witten’s proof of the positive mass
theorem. However, a simple calculation shows that a
surface in the light cone of the Minkowski spacetime has
strictly positive Brown-York and Liu-Yau mass unless it
is a round sphere.

Examining this problem together, it became clear to us
that isometric embeddings into the Minkowski spacetime
need to be taken into account in order to obtain a mass
expression that satisfies the last criterion. By a simple
degree of freedom counting, this yields an underdeter-
mined problem, and an additional equation is needed to
expect any type of uniqueness. On the other hand, the sur-
face Hamiltonian expression relies on a definite choice
of gauge choice, without which the definition remains
ambiguous. We eventually came up with a variational
approach to tackle this problem.

Nirenberg-Pogorelov’s isometric embedding theorem
allowed us to identify the extra degree of freedom as the
time function. Returning to the derivation of Brown-York,
we discovered that there is indeed a canonical choice of
gaugewith respect to each time function, to which a quasi-
local energy (instead of mass) can be assigned. The choice
of this gauge is justified by the positivity of the quasi-local
energy, whose proof comprises ideas from Schoen-Yau,
Shi-Tam, Bartnik, Witten, and Liu-Yau. We later realized
the choice is closely related to a gravitational conservation
law which plays an important role in the study of the
dynamics of the Einstein equation.

With this positivity, we minimize the energy with
respect to different time functions and define the quasi-
local mass as the energy at critical points. This is very
much like the rest mass of special relativity which realizes
the minimal energy seen among all observers. The Euler-
Lagrange equation is a fourth-order nonlinear equation of
the time function. Together with the isometric embedding
equation, this gives a well-determined system of four
equations for four unknowns. This work was published
in 2009.

We do not yet have a general existence or uniqueness
theorem for this system. However, when the quasi-local

mass is positive, the system is elliptic and the linearized
equation can be solved. This is sufficient for studying
manyunsettledproblems for isolated gravitating systems,
on which most current study of general relativity focuses.
We expect more applications to come when this optimal
isometric embedding is better understood.

On a Personal Note by M. T. Wang
I was once invited to Professor Nirenberg’s apartment
more than ten years ago. I explained my work on higher
codimensional mean curvature flows andminimal surface
systems to him. He was quite surprised at first and was
very attentive to the detail of my explanation. Overall, it
was a very encouraging and inspiring experience for me.

On a Personal Note by S. T.-Yau
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Shing-Tung Yau.

In 1974, Calabi and Niren-
berg announced that they
had solved the bound-
ary value problem for the
real Monge-Ampère equa-
tion. S. Y. Cheng and I also
thought we had a solution.
Chern told us that he was
told that there was an error
in theCalabi-Nirenberg solu-
tion, so he met with us and
with Nirenberg to go over
our proof. Still it turned out
the boundary estimates were not strong enough to solve
the problem. Three years later I told Nirenberg that
Cheng and I could solve the problem without the strong
boundary estimate. We proved the solution exists and is
smooth in the interior of the domain while only 𝐶1,1 up
to the boundary. Nirenberg made a joke that we are like
“half defeated generals.” But for me, the solution is good
enough to solve our geometric problem on affine spheres.
After about eight years, Nirenberg finished the strong
boundary estimate with Luis Caffarelli and Joel Spruck. I
learned a lot from him in the process of those ten years,
and he has always been encouraging.
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Partial Differential Equations (and Geometry/
Physics)
Raussen and Skau: Firstly, we want to congratulate you 
on being awarded (with Professor Nash) the Abel Prize for 
2015. You will receive the Abel Prize from His Majesty the 
King of Norway in a ceremony tomorrow. 

Your first important achievement in mathematics was 
solving the so-called Weyl problem in your PhD thesis. Could 
you tell us what the Weyl problem is about?

Professor Nirenberg: The problem was originally stated 
by Hermann Weyl. You have a two-dimensional sphere 
with a metric (that is, a way of measuring distance), and 
connected with the metric is its curvature. If this curva-
ture is positive, the question is whether you can find a 
convex body in three-dimensional space with a mapping 
to the sphere so that when you measure the distance in 
Euclidean space, it agrees with the metric? Weyl went 
quite far toward solving this problem but there were some 
estimates missing. My contribution was to fill in those 
missing estimates. 

When you express the problem mathematically, it in-
volves partial differential equations. The equations were 
so-called non-linear partial differential equations and the 
problem was proving the existence of solutions of these 
equations. Much of my career has really been devoted 
to studying partial differential equations in general but 
also applying them to problems from geometry and com-
plex analysis. I even wrote two papers with a friend in  

economics involving partial differential equations. In my 
mind, it is a wonderful field. A big part of the problem 
is proving that solutions exist because equations can be 
written down for which one knows there are no solutions.

Raussen and Skau: Many of these problems come from 
physics so solutions would be expected to exist?

Professor Nirenberg: Yes. But, for instance, for equa-
tions in fluid dynamics (the so-called Navier-Stokes equa-
tions that were introduced one-hundred fifty years ago), 
mathematicians have not been able to prove that smooth 
solutions exist for all time. So that is still an open problem.

Raussen and Skau: Is it true that the best result in that 
direction is your joint work with Caffarelli and Kohn from 
1982?

Professor Nirenberg: That result is not about the exis-
tence of solutions but about the dimension of singularities 
if they do occur. They cannot have a high dimension; for 
instance, they cannot fill a curve. They must fill a set of 
dimension less than one. You may wonder what the hell 
that is? It either has dimension zero or it has dimension 
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Interview with Louis Nirenberg
Martin Raussen and Christian Skau

From left to right: Louis Nirenberg, Christian Skau, 
Martin Raussen.
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Louis Nirenberg is one of the recipients of the 2015 Abel Prize of the Norwegian Academy of Science and Letters; 
the other is John Nash. The following interview with Nirenberg was conducted by Martin Raussen and Christian 
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the December 2015 issue of the Newsletter of the European Mathematical Society www.ems-ph.org/journals/
newsletter/pdf/2015-12-98.pdf, pp. 33–38, and is reprinted here with permission of the EMS.  (An analogous 
interview with John Nash will appear in a future issue of the Notices.)
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one. But, no! There are concepts of dimension of any non-
negative number. We proved that the one-dimensional 
measure had to be zero, so the set could not have dimen-
sion one. The paper is very technical.

Raussen and Skau: But it is very important in connec-
tion with the Navier-Stokes equations?

Professor Nirenberg: Well, it is a useful result math-
ematically whether engineers use it or not. Aeroplanes fly 
whether we solve the Navier-Stokes equations or not. But 
it is a big mathematical challenge to show that there are 
smooth solutions.

Raussen and Skau: Do you often think about the Navier-
Stokes equations?

Professor Nirenberg: Once in a while. But I don’t really 
have any fresh ideas. I think it is up to younger people.

Start of a Career in Mathematics
Raussen and Skau: May we ask how your mathematical 
life started? We were told that a certain teacher of Hebrew 
played an instrumental role. Is that true?

Professor Nirenberg: My father tried to teach me He-
brew. I resisted, stupidly, and now I know no Hebrew at 
all. He hired a friend to give me lessons in Hebrew. This 
friend happened to like mathematical puzzles and half 
the lessons then consisted of these puzzles. I found them 
quite fascinating but, I must say now, at my age, I am no 
longer fascinated by puzzles. They are for young people. 

That started my interest in mathematics. I also went to 
a very good high school. This was during the depression 
and to be a high school teacher was considered a very 
good job. I had excellent teachers and I must say that the 
quality of the students was also very good. I particularly 
enjoyed the mathematics courses and especially geometry 
and physics. I then decided I would like to study physics.

Raussen and Skau: Were there already clear signs that 
you had an exceptional talent for mathematics?

Professor Nirenberg: The teachers considered me good 
but I think it became clearer in college that I had some 
talent in mathematics. When I graduated from university, 
I actually received a gold medal for my work in mathemat-
ics and physics.

Raussen and Skau: You graduated from McGill Uni-
versity in Montreal. Perhaps you could tell us about your 
experience studying mathematics and physics at university?

Professor Nirenberg: I finished high school and ap-
plied for a scholarship at McGill, which I didn’t get. The 
high school offered an additional year, equivalent to a 
first year at college. I did that, applied again to McGill and 
then got a scholarship. So I was at McGill for three years 
rather than the usual four. This was during World War II 
and I graduated in the spring of 1945, just at the end of 
the war in Europe. It was a pleasure to study mathematics 
and physics. However, that was the only thing I studied. 
Because I missed the first year, I didn’t take any courses 
in other interesting subjects. I am sorry I didn’t.

Raussen and Skau: How did you end up at the Courant 
Institute in New York?

Professor Nirenberg: By pure luck! When I finished 
at McGill, I had a summer job at the National Research 
Council where they did atomic research. A son of 

Courant had married a young woman from Montreal, whom 
I knew. They both worked there and one day she said they 
were going to New York to visit Courant [1888–1972]. I 
asked her to ask him to suggest some place I could apply 
to do graduate work in physics. She came back and said 
that Courant suggested that I come and take a Master’s 
degree in mathematics. I could then go on to do physics, 
he said. I went down for an interview and was offered an 
assistantship in mathematics. I got a Master’s degree and 
I just stayed on. I never left New York University.

Courant, Friedrichs and the CUNY
Courant was head of a very famous institute in Göttingen, 
Germany. He was kicked out when the Nazis came to power 
but he was offered a position at New York University a year 
later to set up a graduate programme in the mathematics 
department. They only had undergraduate training at that 
time. He came to New York to do that but there were very 
few students in those first years. The number of students 
only increased after the war. When I came, just after the 
war, there were a number of very talented students. Some 
of them became well known mathematicians. I was part of 
a very good body of students and it was an exciting time.

Usually, when you get a PhD at some university in Amer-
ica, you then leave. You go to another university for your 
first job. Courant was different. He kept the good people. 
If good people got PhDs, he simply offered them jobs.

Raussen and Skau: Did it help being offered a job if 
you played an instrument?

Professor Nirenberg: I didn’t play an instrument. But if 
I had, it may have helped even more. Of course, the rumor 
was that he hired people who played instruments (unless 
they played the piano, which he played himself).

Raussen and Skau: Did you meet with him often?
Professor Nirenberg: Oh, yes. He often invited the 

students socially to his home. His wife was completely 
devoted to music and played a number of instruments. 
She was the daughter of the mathematician Carl Runge 
[1856–1927], by the way. They had two daughters who 
were both very ardent musicians. One of them became a 
professional musician and is now married to Peter Lax. 
Courant was wonderful with young people—very encour-
aging and really exceptional. 

Raussen and Skau: Mathematically speaking, your 
mentor was Kurt Friedrichs?

Professor Nirenberg: Yes. Friedrichs [1901–1982] was 
the person I regard as my Sensei (as the Japanese say). I 
really was most influenced by him. He worked mainly with 
partial differential equations but he also did other things. 
He wrote a book on quantum theory and a book, together 
with Courant, on shock wave theory, which was widely 
used and translated into many languages.

Raussen and Skau: You mentioned that there was a 
special atmosphere at the Courant Institute, in part be-
cause no distinction was made between pure and applied 
mathematics…

Professor Nirenberg: That’s right. Courant insisted 
there was no difference between pure and applied math-
ematics. He did both and he encouraged people to do the 
same. It is just mathematics. When New York University 



February 2016  Notices oF the aMs   137

hired him, they asked him what a mathematics department 
needs and he said: “A library and a coffee room.” So we 
have a very nice lounge that we use all the time.

Raussen and Skau: It is remarkable that you are the 
fourth Abel Prize Laureate associated with the Courant 
Institute (after Peter Lax in 2005, Srinivasa Varadhan in 
2007 and Mikhail Gromov in 2009). What has made this 
institute so successful?

Professor Nirenberg: Well, partly it is just the warm 
atmosphere. I think graduate students are very happy 
there and there is a lot of interaction between the students 
and the faculty. It is, of course, much bigger now than it 
was when I was a student there. But the warm atmosphere 
has prevailed.

Raussen and Skau: Who were your most important 
colleagues over your career?

Professor Nirenberg: There is Friedrichs but also two 
other students of Courant: Fritz John [1910–1994], a 
wonderfully talented mathematician who later became a 
faculty member (I had the fortune of writing one paper 
with him) and Hans Lewy [1904–1988] (I wrote several 
papers related to some of his work). Hans left Germany 
immediately after Hitler came to power. He came to the 
United States and had a career at Berkeley.

Partial Differential Equations and Inequalities
Raussen and Skau: Your name, often with various co-
authors, is attached to many fundamental concepts and 

theorems in PDEs. If you just 
look at the citation list, your 
work has had a tremendous im-
pact. Let’s start with Fritz John, 
with whom you authored a very 
influential paper about BMO 
functions (BMO standing for 
“Bounded Mean Oscillation”).

Professor Nirenberg: That was his idea. He introduced 
BMO functions. It came from some work he had done in 
elasticity theory. He approached me saying: “I have a class 
of functions and I believe they should have such-and-such 
a property.” I worked on it and was able to prove that 
property. He then improved it so the final version is better 
than what I had done. It became a joint paper and I must 
say a lot of people have referred to it.

Raussen and Skau: Absolutely! It became famous—if 
we may say so—because of the many applications. For 
instance, Charles Fefferman got the Fields Medal in 1978 
and one of his main contributions was to show that the 
BMO space is dual to the Hardy space H1.

Professor Nirenberg: Charles Fefferman did many 
things but in particular, he proved the duality result that 
you refer to.

Raussen and Skau: Your paper with Fritz John contains 
the John-Nirenberg inequality. You love inequalities?

Professor Nirenberg: I love inequalities. And what we 
proved in the paper was really an inequality.

Raussen and Skau: Would you explain why inequalities 
are so important in the theory of PDEs?

Professor Nirenberg: When you look at a partial dif-
ferential equation, you may ask whether a solution exists. 
Now, you can’t write down the solution so you need to 
know some bounds. It cannot be too big, it cannot be too 
negative, its derivatives cannot be too big and so on. You 
try to get estimates of the size of the function and of its 
derivatives. All these estimates are inequalities. You are 
not saying that something is equal to something but that 
something is less than some constant. Thus, inequalities 
play an essential role in proving the existence of solutions. 
In addition, you want to prove properties of solutions and, 
again, inequalities play a central role. Hence, inequalities 
are absolutely fundamental to studying partial differential 
equations; for that matter, so are they for the study of 
ordinary differential equations.

Raussen and Skau: Let’s move on to your joint research 
with Shmuel Agmon and Avron Douglis [1918–1995]. There 
were two very important papers. Can you explain what 
they contained?

Professor Nirenberg: What we did was to extend some 
classic work, by the Polish mathematician Schauder [1899–
1943], to higher order equations. There is a fundamental 
paper of Schauder for second-order, so-called elliptic 
equations. We thought it would be useful for people to 
be able to deal with higher order equations and systems 
of equations so we proved the analogues of those results. 
In the other paper, we proved the results for systems and 
also for different norms, that is, for different ways of 
measuring the size of the solutions. We published several 
different kinds of inequalities and they have been used 
by many people.

Raussen and Skau: You wrote a paper with Joseph Kohn 
introducing the important notion of pseudo-differential 
operators. You are one of the fathers of that concept. Can 
you explain why this concept is so important and how you 
came upon it?

Professor Nirenberg: Joe Kohn had published a 
fundamental paper in complex analysis. It involved the 
regularity of solutions for a certain class of systems up 
to the boundary—a rather difficult paper! He suggested 
we should try to generalize this to more general systems 
of equations. We started to look at it and we had to con-
sider so-called commutators of operators. You apply an 
operator and then you apply a second one. Then you take 
the difference of that result with the operator obtained 
by applying the second one and then the first. We needed 
properties of the commutator. We were using a certain 
space, called an Lp-space, and a theory due to Calderón 
[1920–1998] and Zygmund [1900–1992] for certain singu-
lar integral operators. We needed to extend their result to 
commutators so we thought: “How do we extend these sin-
gular integral operators to make an algebra out of them?” 

That led to what we call pseudo-differential opera-
tors. The concept came from a very specific problem in 
systems of partial differential equations but it turned out 
to be a useful thing in itself. It grew out of Calderón and 
Zygmund’s theory. By the way, Calderón was a wonderful 
mathematician and he danced the tango, which I admired 
enormously.

“I love 
inequalities.”
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Raussen and Skau: You had a very bright student, Au-
gust Newlander, with whom you wrote a very important 
joint paper in 1957. Can you tell us about the results you 
proved there?

Professor Nirenberg: It was a problem I first heard of 
from André Weil [1906–1998]. He said: “Here’s a problem 
in complex analysis. Why don’t you people in partial differ-
ential equations work on this kind of problem?” I thought: 
“Why not? Let’s try.” I took a student who was very bright 
and I said: “Let’s look at the very simplest case, in the low-
est dimension.” The student, Newlander, had the initial 
idea, which worked fine in low dimensions but, to our 
surprise and dismay, didn’t work in higher dimensions. 
We had to come up with a completely different proof in 
higher dimensions. It led from a linear problem to a non-
linear problem. It was kind of strange but the non-linear 
problem was in some ways more accessible.

Raussen and Skau: What was André Weil’s reaction 
when you solved the problem?

Professor Nirenberg: He was very happy and so were 
other people in complex analysis. Many people have used 
the result. Some years later, Hörmander [1931–2012] 
found a linear proof of the same result. It was very techni-
cal but it was purely linear.

Raussen and Skau: Are there any outstanding problems 
in the enormous field of partial differential equations, 
apart from the Navier-Stokes problem, that you would like 
to highlight?

Professor Nirenberg: Well, I think almost nothing has 
been done in so-called over-determined systems, that is, 
where there are more equations than unknowns. You may 
have two unknowns and five equations so there have to be 
some compatibility relations. There’s almost no analytic 
theory of that. There is a theory developed by Cartan 
[1869–1951] and Kähler [1906–2000] but that assumes 
that everything is analytic. Outside analytic category, 
almost nothing is known about such systems. They often 
come up in geometry so I feel that this is a big gap in the 
theory of partial differential equations.

Mathematics and Mathematicians All Over the 
World
Raussen and Skau: May we ask you some questions about 
international mathematics? We know that you travelled to 
post-war Europe very soon after your graduation.

Professor Nirenberg: Yes. I had a fellowship and came 
to Zurich during the academic year 1951–52. I went mainly 
to be with Heinz Hopf [1894–1971], who was a geometer 
and a topologist. Heinz Hopf was a wonderful person—a 
lovely and extremely kind man. I also spent one month in 
Göttingen that year. That was arranged by Courant who 
felt I should go there. During that year, I didn’t actually 
carry out any research. What I did was to write up the 
things I had done before. I had been very slow at writing 
them up for publication because I somehow had a block 
against writing. So during that year I wrote several papers. 

Raussen and Skau: Did Courant ever return to Göt-
tingen?

Professor Nirenberg: Yes. After the war, he went back 
to Germany many times. He had many contacts and he 
wanted to help build up German mathematics again.

Raussen and Skau: He must also have been very bitter?
Professor Nirenberg: Well, he was bitter but, at the 

same time, he had friends and he wanted to encourage 
and help to develop mathematics in Germany.

Raussen and Skau: You also went to the Soviet Union?
Professor Nirenberg: Yes. The first time I went was in 

1963. It was a joint Soviet-American symposium on partial 
differential equations, arranged by Courant on one side 
and the Soviet mathematician Lavrentyev [1900–1980] on 
the other. There were about two dozen American math-
ematicians and about one hundred twenty Soviet math-
ematicians from all over the Soviet Union. It is one of the 
best meetings I have ever attended. It was in Novosibirsk, 
Siberia, which was the academic city that Lavrentyev had 
helped create. It was like being aboard a ship for two weeks 
with people you make friendships with immediately. I 
made friends with Russians that are still friends today. 
Some have died, unfortunately, but I have had very good 
friends in Russia since then. I have never collaborated 
with any of them but they are still very warm friends; we 
would meet and talk about mathematics, politics and all 
kind of things.

Raussen and Skau: How about China? 
Professor Nirenberg: I have been to China a number of 

times. The first visit was arranged by Chern [1911–2004], 
a Chinese mathematician who had settled in America. This 
was in 1975 and the Cultural Revolution was still going on, 
though I didn’t realize it at the time. For instance, I was 
visiting the Chinese Academy of Science but I was taken 
to Beijing University. I said I would like to meet the faculty 
but they said they were busy teaching—which was simply 
a lie. There was no teaching going on. They showed me 
the library and then they wanted to take me to some other 
university but I said: “There’s no point. Either I meet the 
faculty or I don’t go.”

They had me give many lectures but I said I also wanted 
to hear what some of the people there were doing. So 
some young people spoke about some of their research.  
I learned later that they had to get permission to attend my 

John F. Nash Jr. and Louis Nirenberg receiving the 
2015 Abel Prize from His Majesty King Harald at the 

award ceremony in Oslo on May 19, 2015.
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Raussen and Skau: Do you usually start out with a 
goal in mind?

Professor Nirenberg: Usually there is a goal. But some-
body once used the expression: “There are those math-
ematicians who, when they come to a fork in the road, 
they take it.” I’m that kind of mathematician. So, I may be 
working on a problem with a colleague when we come to 
something that looks interesting, and we explore that and 
leave the original problem for a while.

Raussen and Skau: Are you more of a problem solver?
Professor Nirenberg: Yes, definitely. There are two 

kinds of mathematicians. There are those who develop 
theories and those who are primarily problem solvers. I 
am of the latter.

Raussen and Skau: Do you come up with interesting 
problems through discussions with other mathematicians? 
What kinds of problems are you attracted to? Is there any 
pattern?

Professor Nirenberg: It’s hard to say. A graduate stu-
dent once asked me how I find good research problems. 
I said to him that I sometimes see a result but don’t like 
the proof. If the problem appeals to me, I start to think if 
there is a better proof. My ideas may lead to a better proof 
or may lead to something new. The student said he’d never 
seen a proof he didn’t like and I thought: “He is hopeless!”

Raussen and Skau: May we ask you a 
question that we have asked several previ-
ous laureates? How does one find the proof 
of a mathematical result? Some people 
work with perseverance until a proof is 
complete but others tell us that insight ap-
pears in a sudden flash—like lightning. Do 
you have experiences of this sort?

Professor Nirenberg: Both may hap-
pen. But most of the time you are stuck. 
Maybe you make a breakthrough with 
some problem as you get some insight 
and see something you didn’t see before. 

But the perseverance and all the work you carried out 
before seems to be necessary to have this insight. You 
need perseverance or, as the Germans say, you need 
“Sitzfleisch”.

Raussen and Skau: Are you the kind of person that gets 
so involved in trying to solve a problem that you are, so to 
speak, lost to the world?

Professor Nirenberg: Not all the time but it can hap-
pen for many hours. Sometimes, I wake in the middle of 
the night and start thinking about a problem for hours 
and cannot sleep. When you do that, it is very hard to fall 
asleep again! If I have an idea, I just follow it. I see if it 
leads to something. I still try to do that but in the last few 
years it has not led anywhere. I haven’t had any success.

Communicating Mathematics
Raussen and Skau: You have had forty-five PhD students. 
That is an impressive number! Can you tell us what your 
philosophy is? How do you come up with problems for your 
students?

Professor Nirenberg: It’s hard to say. Sometimes it is 
hard to think of a suitable problem. It is easier to think 

lectures. I didn’t make close friends at that time. It was an 
interesting experience and, of course, things have changed 
enormously since then. I did make friends with some who 
subsequently came and spent a year or two at Courant.

Raussen and Skau: We should also mention that you 
were awarded the first Chern Medal of the International 
Mathematical Union.

Professor Nirenberg: Yes. That’s true. That was in 
2010.

Raussen and Skau: You were also awarded the first 
Crafoord Prize in 1982, together with Arnol’d [1937–2010]. 
Perhaps it was a tongue-in-cheek comment but Arnol’d once 
said something like: “Mathematics is the part of physics in 
which experiments are cheap.”

Professor Nirenberg: It wasn’t entirely tongue-in-cheek. 
He really felt that the contact of mathematics with physics 
and the real world was important.

He didn’t get permission to go and get the Crafoord 
Prize. I visited Moscow just before I went to Sweden and 
had dinner with him in his home. He was waiting until 
the last minute to see if he would get permission, but he 
didn’t. 

When I went back to America, I got a call from a woman 
claiming to be Arnol’d’s sister. I thought: “How is that pos-
sible?” I had just seen Arnol’d a few weeks 
before and he never mentioned he had a 
sister in New Jersey. She came to my of-
fice and, indeed, it was Arnol’d’s sister. He 
never mentioned a word. It’s incredible!

Raussen and Skau: Talking about 
Arnol’d, on some occasions he expressed 
frustration that results proved in the West 
had already been proved in Russia but, 
because of poor communication during the 
Cold War, these results were not known. 
Did he express these feelings to you?

Professor Nirenberg: He tended to do that. I remem-
ber once he was visiting New York. Someone was giving a 
seminar talk and he was attending the lecture. During the 
talk, Arnol’d said: “Oh, that was already proved by such-
and-such a Russian.” But the person giving the seminar 
talk then checked and the Russian had never proved it. So 
Arnol’d was not always correct. He tended to give more 
credit to Russians than was due. You may have heard the 
joke where the Russian says: “What you proved, I proved 
first. And anyway, the result is trivial.”

Problems, Collaboration and “Sitzfleisch”
Raussen and Skau: It is striking that 90% of your published 
papers describe joint work. Can you explain why this is so?

Professor Nirenberg: It is just a pleasure! It is just an 
enormous pleasure talking mathematics with others and 
working with them. Of course, much of the work you do 
yourself. I mean, you discuss ideas and work with others 
but then you go home and think about what you have 
done. You get some ideas and you get together again and 
talk about the new ideas. You get reactions to your ideas 
and you react to their ideas. It is a wonderful experience.

“It is just an 
enormous 

pleasure talking 
mathematics 

with others…”
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Raussen and Skau: Have you seen “A Beautiful Mind”?
Professor Nirenberg: Of course, and I have read the 

book.
Raussen and Skau: What kind of music do you like?
Professor Nirenberg: Mainly classical but I also listen to 

jazz. My grandson, who will be at the ceremony tomorrow, 
is a professional jazz drummer. And I love Argentinian 
tango. I have a large collection of records of Argentinian 
tango.

Raussen and Skau: Not only on behalf of us but also 
on behalf of the Norwegian, Danish and European Math-
ematical Societies, we would like to thank you for a very 
interesting interview. 

of problems that are too hard, and just not practical, than 
to think of a problem that is good and can be solved in 
reasonable time. I can’t really answer that question. I don’t 
know how I go about posing problems.

Raussen and Skau: Were there occasions when you had 
to help students along?

Professor Nirenberg: Oh, yes. I meet the students regu-
larly, usually once a week. We discuss their progress and 
I might make suggestions. I may say: “Look at this paper, 
this may lead to something.”

Raussen and Skau: How would you describe your love 
for mathematics? What is it about mathematics that is so 
appealing to you? Is it possible to communicate this love 
to people outside the mathematical community? Does one 
have to be a mathematician to appreciate the appeal of 
mathematics?

Professor Nirenberg: Some people are very good at 
communicating to the general public. I am not so very 
good at that. But once you are in it, once you are hooked, 
it’s very exciting and fun. I have used the word “fun” be-
fore. But it is really fun to do mathematics. It is an enor-
mous pleasure to think about mathematics even though 
you are stuck 90 percent of the time, perhaps even more.

Raussen and Skau: That is what people outside math-
ematics cannot comprehend.

Professor Nirenberg: Yes, it is hard to comprehend. 
You have to be in it and I think it does take some talent 
to be able to do mathematics. But it also takes, as I said, 
“Sitzfleisch.” You need to be stubborn and have persever-
ance, and you can’t give up. I have been stuck on some 
problems for years.

Raussen and Skau: But you do think it’s important to 
try to communicate to the general audience?

Professor Nirenberg: Yes, I do think that is important: 
(a) for the development of mathematics, and (b) to show 
them that it is a pleasure to do mathematics. Courant 
and Robbins [1915–2001] wrote a very nice book: ‘What 
is Mathematics?’. It is a lovely book. There is also a recent 
book by Edward Frenkel, a mathematician who came as an 
immigrant from Russia as a young man. It is called ‘Love 
and Math’. He makes a valiant attempt to get the general 
public interested in the branch of mathematics in which 
he works (which is also connected to physics). It is very 
hard to do. He tries but I think it is too hard for the general 
public. But he makes a real attempt to do it and I must 
say I admire him for that. I just recently read his book.

Music and Movies
Raussen and Skau: We have one final question that we 
have asked several laureates before. What are you inter-
ested in when you are not doing mathematics?

Professor Nirenberg: I love music. I love movies. You 
won’t believe this but at the time when I lived in Montreal, 
in the province of Québec, you could not get into a movie 
before you were sixteen. Incredible! Now it’s hard to be-
lieve. So when I was sixteen, I went crazy and started to go 
to movies. When I moved to New York, there were suddenly 
all these foreign movies: Italian movies, Russian movies, 
French movies. I went crazy. I went almost every night to 
the movies. Since then, I have loved movies.
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Interview with Fernando Codá Marques

Diaz-Lopez: When did you know you wanted to be a 
mathematician?

Codá Marques: I always liked mathematics, but in 
school I did not know what it really meant to be a math-
ematician. I did not know it was an active field. I started 
reading a lot about physics, especially theoretical physics 
and astrophysics too. I entered the university as a student 
in civil engineering, but quickly and by myself I discovered 
many books on advanced mathematics in the university 
library. The beauty and rigor of the mathematics presented 
in those books made it clear to me that this was what I 
wanted to do. During those times I read a lot of algebra. 
Only later I realized that geometry and analysis were more 
suitable fields for me.

Diaz-Lopez: Who encouraged or inspired you?
Codá Marques: When I started my studies at IMPA [In-

stituto Nacional de Matemática Pura e Aplicada in Rio de 
Janeiro, Brazil], I took two PhD courses with Professors 
Manfredo do Carmo (in geometry) and Elon Lages Lima (in 

topology). They also happen to be from my hometown, 
Maceio, in the northeast of Brazil, and that also helped on 
a personal level. Those courses were very inspiring and 
made a profound impression on me. The atmosphere was 
very stimulating.

Later these professors encouraged me to pursue my 
PhD studies in the United States, to learn geometric 
analysis. It was great advice. I went to Cornell University 
to study with José F. Escobar, a wonderful mathematician 
and human being, and a few years later I spent a year at 
Stanford University learning from Richard Schoen. From 
Rick I learned a sense of what is important in mathematics 
and refined my mathematical taste.

Diaz-Lopez: How would you describe your research to 
a graduate student? 

Codá Marques: I study geometric problems by means 
of analytic tools. These prob-
lems are often associated to 
nonlinear partial differential 
equations, and variational 
techniques play a very impor-
tant role. Currently I am very 
interested in the Morse-theo-
retic properties of the space of 
minimal varieties inside some 
ambient space. This involves 
a lot of geometric measure 
theory. There was some foun-
dational work by Almgren in 
the 1960s and by Pitts in the 
early 1980s, but many basic 
questions are still unanswered. 
I am trying to develop the theory further in my work with 
André Neves. 

Diaz-Lopez: What theorem are you most proud of and 
what was the most important idea that led to this break-
through?

Codá Marques: I am most proud of my paper with 
André in which we prove the Willmore conjecture. This 
problem was proposed by T. J. Willmore in 1965 and 
concerned optimal shapes of toroidal surfaces in three-
space. The problem has conformal symmetry, and this 
makes it more difficult because the group of symmetries 
is noncompact. It is one of those questions that end up 
stimulating a lot of mathematics.

At some point we realized that there was a connection 
with the min-max theory of minimal surfaces developed 
by Almgren and Pitts. We were very excited. We developed DOI: http://dx.doi.org/10.1090/noti1344
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I try to keep 
learning 

and thinking 
continually 

about 
mathematics.

Fernando Codá Marques is Professor of Mathematics 
at Princeton University. He and André Neves proved the 
Willmore Conjecture in 2012. Check out the video of him 
presenting at MCA2013 at https://www.youtube.com/
watch?v=mYEauQnx6C0.

https://www.youtube.com/watch?v=mYEauQnx6C0
https://www.youtube.com/watch?v=mYEauQnx6C0
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a strategy that was based on the study of the geometric 
properties of some new five-parameter families of surfaces 
we had defined. We had to overcome several difficulties, 
one by one, but the real breakthrough came when we dis-
covered how the genus of the original surface would play 
a role. It was pure topology, and it was beautiful. Even 
though we needed months 
to write everything carefully 
and check all the details, it 
was instantly after this break-
through that we realized we 
had found a proof of the Will-
more conjecture.

Diaz-Lopez: What advice 
do you have for graduate stu-
dents?

Codá Marques: I think that 
being able to find your own 
questions, and good ones, is 
a fundamental skill in math-
ematics. It takes time to de-
velop a sense of what the important or interesting ques-
tions are. Of course this is very subjective, but graduate 
school is a good time to start working on that.

Diaz-Lopez: All mathematicians feel discouraged oc-
casionally. How do you deal with discouragement?

Codá Marques: We cannot let ourselves feel discour-
aged. Most times we are stuck in mathematics, but this 
is normal. I love my job. I try to keep learning and think-
ing continually about mathematics. The environment at 
Princeton University is great for that. 

Diaz-Lopez: Louis Nirenberg recently won the Abel 
Prize. How has Nirenberg’s work influenced your math-
ematics?

Codá Marques: Professor Nirenberg is one of the great-
est mathematicians of our time. As a geometric analyst, I 
have been profoundly influenced by his papers. I also re-
member an interview with him in the Notices [April, 2002] 
in which he comments on his love of inequalities. He says 
inequalities can be more interesting than identities, and I 
was affected by that. I do not know many things that are 
as beautiful and perfect as a sharp inequality.

Diaz-Lopez: If you were not a mathematician, what 
would you be?

Codá Marques: Most likely a theoretical physicist. I 
have great admiration for the profession and for the kind 
of intuition one needs to have. But I should say that I am 
platonic and believe that all, in the end, is mathematics. 

THE GRADUATE STUDENT SECTION

Alexander Diaz-Lopez is a 
PhD student at the University 
of Notre Dame. Diaz-Lopez 
is the first graduate student 
member of the Notices Edito-
rial Board.
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The Willmore 
Conjecture concerned 
optimal shapes of 
toroidal surfaces in 
three-space. 
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WHAT IS. . .

Gauss Curvature?
Editors

Gaussian curvature is a curvature intrinsic to a two-
dimensional surface, something you’d never expect a
surface to have. A bug living inside a curve cannot tell if
it is curved or not; all the bug can do is walk forward and
backward, measuring distance. But a very intelligent bug
living on a surface can, by walking around, never leaving
the surface, measure its Gaussian curvature.

The Definition. Assuming you know how to define the
curvature of a curve, how would you define the curvature
of a surface at a point 𝑝? Slice the surface by a plane
normal to the surface at 𝑝, as in Figure 1.
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Figure 1. To define the Gauss curvature, consider the
curvature of slice curves. The Gauss curvature is the
product of the largest (positive) and the smallest or
most negative such curvatures.

For permission to reprint this article, please contact:
reprint-permission@ams.org.

DOI: http://dx.doi.org/10.1090/noti1333

Take the curvature of the slice-curve. Thus you get a
curvature in every direction. The largest (positive, upward)
and smallest (most negative) such curvatures are called
the principal curvatures, and they occur in orthogonal
directions. Their average is called the mean curvature,
and their product is called the Gauss curvature. For the
unit sphere, both principal curvatures are 1 and hence
the Gauss curvature is 1. For a unit cylinder, the principal
curvatures are 1 and 0 and hence the Gauss curvature
is 0. For a suitable hyperbolic paraboloid as in Figure 2,
the principal curvatures are 1 and −1, and the Gauss
curvature is −1.
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Figure 2. For this hyperbolic paraboloid, the Gauss
curvature is (+1)(−1) = −1(+1)(−1) = −1(+1)(−1) = −1.

Gauss’s Theorema Egregium says that this Gauss cur-
vature is intrinsic; in other words, it can be measured by
a bug within the surface. That means that if you bend the
surface without stretching it, the Gauss curvature cannot
change. If you roll the plane up into a cylinder, as in
Figure 3, the principal curvatures change from 0, 0 to 0, 1,
but the Gauss curvature remains 0.
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Figure 3. Rolling a piece of plane into a cylinder of
radius 𝑟 changes the principal curvatures from 0, 00, 00, 0 to
1/𝑟, 01/𝑟, 01/𝑟, 0 but the Gauss curvature–the product–remains 0.

One way a bug can measure the Gauss curvature of
a surface at a point 𝑝 is by looking at a tiny “geodesic”
circle of tiny radius 𝑟 about 𝑝:

{𝑥 ∶ dist(𝑝, 𝑥) = 𝑟}.
If the Gauss curvature is 0, the circumference is 2𝜋𝑟
to high order. If the Gauss curvature is positive as on
the sphere, the circumference is smaller. If the Gauss
curvature is negative as on the hyperbolic paraboloid, the
circumference is greater. In general, for Gauss curvature
𝐺, the circumference is given by

2𝜋𝑟−𝐺𝜋𝑟3

3 +….

For a closed surface, there is the amazing Gauss-
Bonnet formula relating the Gauss curvature 𝐺 and
the Euler characteristic 𝜒. The Euler characteristic is a
purely combinatorial quantity, easily computed from any
triangulation as the number of vertices minus the number
of edges plus the number of regions. The Gauss-Bonnet
Theorem says that

∫𝐺 = 2𝜋𝜒.

Since the Euler characteristic of the sphere is 2, this says
that the integral of the Gaussian curvature is 4𝜋. This is
easy to check for the round unit sphere: since the Gauss
curvature is 1, it just says that the area is 4𝜋. The amazing
thing is that it remains true for a deformed sphere of any
size and shape.

The Gauss-Bonnet Theorem is an amazing equality
of the geometric and the combinatorial. It immediately
implies that the Euler characteristic is independent of
triangulation, because the integral of the Gauss curvature
is. Similarly it implies that the integral of the Gauss
curvature remains constant under deformations, because
the Euler characteristic does.

As you can read in the article on Nirenberg (page
126), in 1970 Nirenberg1 asked which functions on the
sphere can be the Gauss curvature for some embedding
of the sphere in space. By the Gauss-Bonnet Theorem, the
integral must be 4𝜋. Are there any other conditions?

1Technically Nirenberg considered not only spheres embedded in
space but more abstract Riemannian surfaces given by a Rie-
mannian metric on the sphere. But since Nash (who’ll be featured
in the May Notices) proved that any such sphere can be embedded
in high-dimensional space, it really doesn’t matter.
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Five Things to do as a Graduate Student in Mathemat-
ics 

by Mohammed Kaabar, Washington State University

1. Join professional organizations…
2. Create a professional website…
3. Teach a course you like to teach…
4. Participate in research groups…
5. Participate in extra-curricular and academic-related
activities…

CHAT-ing Our Way to a Better Community 

by Sarah Salmon, University of Colorado, Boulder

…A CHAT is a time for grad students (and sometimes 
faculty) to get together and chat about a predetermined 
topic of interest…. 

Documenting the Academic Job Search—Part I 
By Derek Smith, University of California, Santa Barbara

…the first in a series of posts documenting “lessons 
learned” from my own academic job search… 

Matthew Simonson new Editor-in-Chief of AMS 
Graduate Student Blog

Matt Simonson, the new Editor-in-Chief of the AMS 
Graduate Student Blog, is pursuing a PhD in Network 
Science at Northeastern University. In high school he 
spearheaded a letter writing campaign to free Mexican 

political prisoner José Gallardo 
and, upon his release, invited him 
to speak at his school. In college 
he trekked by horseback across 
the Mongolian steppe and wrote a 
thesis on “The isoperimetric prob-
lem on Euclidean, spherical, and 
hyperbolic surfaces,” published 
in the Journal of the Korean Math-
ematical Society. After college he 
taught high school for seven years. 
Meanwhile he spent eight summers 
working at Seeds of Peace, an NGO 
with a summer camp in Maine that 
brings together teenagers from Is-
rael, Palestine, Egypt, Jordan, India, 
Pakistan, and Afghanistan. Notices 
wishes him every success in all of 

his endeavors.

Here are some blog excerpts, mostly from October, 2015:

Thank You Tyler

by Frank Morgan, AMS Graduate Student Blog Publisher

As we welcome a new Editor-in-Chief Matthew Simonson, I 
want to express my admiration and gratitude to the outgo-
ing Editor Tyler Clark, who over the past three and a half 
years has made the Graduate Student Blog what it is today. 
May happiness and success follow him wherever he goes.

The AMS Graduate Student Blog, by and for math graduate students, includes puzzles and a variety of 
interesting columns.  blogs.ams.org/mathgradblog.
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Author

M
athematics folklore includes figures who made 
surprising contributions despite working a 
“day job” doing something else. Yet rarely has 
that line of work been as unexpected as that of 

John Urschel, guard/center for the Baltimore Ravens of the 
National Football League (NFL). Last season Urschel started 
two playoff games for the Ravens while simultaneously 
completing a paper on graph eigenfunctions (Urschel, Xu, 

Hu, and Zikatanov, 2015). He enters his second season 
not just as an interior lineman and kickoff return blocker 
but also as an MIT applied mathematics graduate student.

It’s not surprising that Urschel, as a 23-year-old rookie 
last year, received such widespread attention for his focus 
on and passion for uncommon outside interests. He’s 
clearly an exception among football players, though not 
the only one: half a century earlier, Frank Ryan quarter-
backed the Cleveland Browns to an NFL title while writing 
a PhD thesis on complex analysis. During his graduate 
school/NFL days, Ryan circulated among the mathemat-
ics community during his off-seasons, even playing 
touch football with fellow young mathematicians such as  
future Wolf Prize winner Dennis Sullivan. Ryan’s Cleveland 

Stephen D. Miller is professor and vice chair of the Department of 
Mathematics at Rutgers University. His email address is miller@
math.rutgers.edu.

For permission to reprint this article, please contact: reprint-
permission@ams.org.

DOI: http://dx.doi.org/10.1090/noti1331

“I plan to be a great mathematician”:  
An NFL Offensive Lineman  
Shows He’s One of Us
Stephen D. Miller
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Browns moved to Baltimore in 1996 and were renamed 
the Baltimore Ravens.

Like Ryan, the 6'3", 315-pound Urschel stands as an 
exception among mathematicians. Ever since his college 
years playing for Joe Paterno and Bill O’Brien at Penn 
State, Urschel’s days have been filled with workouts and 
practice. Despite his striking appearance in a room full 
of mathematicians, Urschel is considered small for his 
position in the NFL. He compensates for his size with his 
mental and physical quickness. Offensive linemen must 
make rapid decisions both before the ball is snapped and 
while reacting to the defense as a play develops. The cen-
ter, a position Urschel learned this past off-season, has 
the additional responsibility of communicating decisions 
to his teammates before snapping the ball.

Urschel’s entrance into research mathematics came as 
a sophomore at Penn State, when his calculus instructor, 
Vadim Kaloshin, noted his talent and gave him some out-
side readings on dynamical systems to take with him on 
football team trips. Urschel went on to write a research 
paper on “Instabilities in the Sun-Jupiter-asteroid three 
body problem” with Kaloshin’s student Joseph Galante 
and to write the paper with the Urschel—Zikatanov Theo-
rem featured in Sidebar 1. 

I interviewed John Urschel during his visit to the Insti-
tute for Advanced Study in Princeton in July 2015. A few 
weeks later Urschel suffered a concussion, which resulted 
in a public discussion between him and his coach, John 
Harbaugh, about advanced mathematics and this common 
NFL injury. Urschel had earlier written “Why I Still Play 
Football” on a colleague’s early retirement due to concus-
sions. That essay also described Urschel’s background and 
introduction to mathematics. 

Featured on ESPN and in Sports Illustrated, Urschel 
has become a prominent spokesman for the research 
mathematics community. My interview with Urschel ex-
plores how he combines his two interests of football and 
mathematics. 

Miller: In football you play the ultimate teamwork posi-
tion, offensive line. How does that compare to writing joint 
papers in math? 

Urschel: In a joint paper, as in football, it’s not this 
person or that person—it’s the results that they produce 
together; you need everyone to contribute. 

Miller: How do you spend your free time on a road trip?
 
Urschel: I read mathematics. These days I’ve been read-

ing the most recent advances and manuscripts in unsu-
pervised learning. I did just reread Gelfand’s variational 
calculus book, which proved to be of some use for me, 
and I was recently reading a book on vector quantization, 
though it turned out to be more applied than I was hoping. 
I’ve also brought books such as Algebraic Graph Theory 
by Godsil and Royle with me while travelling. I’ve read 
through Meyer, Trefethen and Bau, and frequently bring 
Matrix Analysis with me as a reference.

I’m at the stage where I’m reading more research pa-
pers than textbooks, especially in the areas of numerical 
PDEs and numerical linear algebra. In addition to keeping 
track of interesting things going on in those specialties, 
I’m constantly reading other areas of mathematics. I wish 
I had more time to read mathematics—football keeps me 
very busy and this limits the breadth of my mathemati-
cal knowledge a lot more than I would like it to. I would 
like to have a better knowledge of pure mathematics as 
well as a deeper knowledge of a lot of different areas of 
applied mathematics.

Miller: Many mathematicians find it hard to avoid 
thinking about math, and many football fans are often 
consumed by the excitement of an upcoming big game. How 
do you shut off one part of your mind in order to focus on 
a second interest?

Urschel (left) at the Institute for Advanced Study with 
Peter Sarnak (right).

Sidebar 1: The Urschel—Zikatanov Theorem 

The Urschel—Zikatanov Theorem concerns a nice way to 
divide a weighted graph (Figure 1) in two as in Figure 2; see 
Sidebar 2 for Figures. The two parts are where a certain 
eigenfunction of the graph Laplacian is nonnegative or 
negative. The graph Laplacian is a discrete version of the 
continuous Laplacian, a kind of negative second derivative. 
For a function f on the integers, the discrete analog of the 
second derivative is given by 2f (0)−f (−1)−f (1). For a graph 
with edge weights w(x,y), the Laplacian is given by

∆f (x)=∑w (x,y)−∑w (x,y)f (y).

Urschel—Zikatanov Theorem. Let G be a finite connected 
undirected weighted graph without self-loops. For aneigen-
function f of the Laplacian of the smallest possible eigen-
value, the sets where f is nonnegative and negative are both 
connected. 

J. C. Urschel and L. T. Zikatanov, Spectal bisection of graphs 
and connectedness, Linear Algebra Appl. 449 (2014), 1–16. 
For more on spectral graph theory, see Daniel Spielman’s 
“On Graphs, Vectors, and Matrices” in the January 2016 
Notices.
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Urschel: I think the difference is that if I’m thinking 
about math on the football field, this is going to get me 
killed. So that’s just survival instinct. And when I’m doing 
math, it’s all encompassing and I’m 100 percent in it, and 
there’s really nothing else to think about when I’m doing 
math. I love mathematics, I love the elegance, I love the 
challenge, and so that’s been natural for me. 

Miller: You clearly have the ability to concentrate on 
things and to work very hard, e.g., practicing six hours a 
day. But math has a creative side. If you are creative as 
a football player, Coach Harbaugh probably won’t be too 
happy with you. 

Urschel: No, he wouldn’t be. I’m extremely focused 
playing football, and this focus does carry over into 
math, in that I’m very competitive: mainly competitive 
with the problem, where it’s me vs. the unknown. There is 
something to be said for creativity and innovation on the 
football field, though I don’t think it carries over across 
the two subjects as much as competitiveness does. 

Miller: Like mathematics arguments, a lot of NFL plays 
involve abstracting down to a problem that’s already been 
solved. Do you get a similar feeling when you see a great 
strategy as you do when you see a great proof? 

Urschel: The difference is that a great proof is an 
amazing accomplishment and feat, whereas a great 
play-strategy would be equivalent to a sketch of a proof. 
The execution of the actual thing that you imagine and  
practice, the actual play—that is the accomplishment. A 
play written up on the blackboard is just a sketch, which 
could go a variety of ways when attempted rigorously in 
practice. 

Miller: How do you compare the stress level between 
football and mathematics? 

Urschel: My stresses in math are all self-imposed, and 
these are good stresses: the desire to achieve, the desire to 
accomplish. My goal is to be a mathematician who people 
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Sidebar 2: The Spectral Partition

The spectral partition (Figures 1 and 2) reveals a strik-
ing nonrandom feature of the 2015 NFL schedule: 
one cluster of 16 teams (the NFC and AFC North and 
West divisions, including Urschel’s own Baltimore 
Ravens) plays only 32 games against the complemen-
tary cluster of 16 teams. In contrast, the AFC and 
NFC conferences play 64 games against each other. 
Indeed, the smallest positive eigenvalue is only 4 for 
the 2015 schedule graph, whereas it is usually 6.  
Moreover, Urschel’s Ravens are in the cluster which 
included more competitive teams in 2014: for ex-
ample, all of the playoff Wild Card teams are in 
his cluster. This indicates that teams in the other 
cluster likely have an easier route to the playoffs in 
2015 thanks to this graph-theoretic anomaly. 

Figure 1. The 32 NFL teams connected by edges 
weighted by how many times they play each 
other during the regular 2015 season.

Figure 2. The Urschel—Zikatanov Theorem 
separates the NFL teams of Figure 1 into two 
clusters, where a certain eigenfunction is 
nonnegative or negative. Strikingly, in 2015 
these two clusters play an abnormally low 
number of games against each other.
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look back on and say, “Yes, he did make good contribu-
tions. He helped push mathematics along.” 

Miller: Thank you for taking the time to speak to the 
Notices, and best of luck to you as you start your PhD 
studies at MIT. 

Urschel: The math com-
munity is a community I 
respect so much. I deeply 
desire to be accepted into it, 
and accepted as a legitimate 
member. I’d like people to 
not just look at the head-
lines and say, “Oh, that NFL 
player majored in math.” I 
understand the mainstream 
media is very quick to name 
people “math wizards” and 
“math geniuses” even if all 
they are doing is dabbling 
into a couple of statistics. 
I’d like the community to 
give me a chance, to look 
at my work, and not judge 
me too quickly. I very much 
seek approval from the 
mathematics community 

and to be welcomed as one of your own.

The math 
community is 
a community 
I respect so 

much. I deeply 
desire to be 

accepted into it, 
and accepted 

as a legitimate 
member. 
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 Thwarting Poachers 

Poachers slaughter rhinos and elephants by the thousands 
every year for their horns and tusks. Unfortunately there 
aren’t enough rangers to patrol the vast territories where the 
animals roam, so poachers can kill and profit with little fear of 
capture. Recently a team of computer scientists gathered data 
on animals’ locations, previous poaching activity, weather, etc. 
and used probability and graph theory to help put each team 
of drones and rangers in the right place at the right time. In 
the first test of their algorithm that assigns patrols, rangers 
arrested poachers within minutes of them exiting their 
vehicle—just before they climbed a fence separating them 
from a female rhino and her calf. 
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The Common Core
and the Potential
for Mathematicians
to Improve the Teaching
of School Mathematics
Jason Zimba

Myparents’ diner on the outskirts ofDetroit served
a boisterous clientele of truck drivers, bookies, and
laborers, yet there were mathematical moments to
behad there for aboyalwaysunderfoot.Oncewhen
I was six or seven years old, a burly man not long
out of the Appalachian hills played against type by
pulling apart a book of matches and introducing
me to the game of Nim. (The man actually looked
a little like John H. Conway, now that I think of it.)
The student of game theory could also usually find
pinochle or chess underway in the end booth, and
an all-night poker game on Fridays. Some other
ways in which a kid could sharpen his math skills,
amidst clanking dishes and a swirling fug, were
to figure the tax on customers’ tabs and, once
a week, to charge a ten percent commission for
running to the liquor store to buy lottery tickets.
Naturally a curriculum this eccentric could lead
to misconceptions: having learned to count as
a child by watching customers play cards, for a
time I insisted to my parents that the numbers
immediately following ten had to be 𝐽, 𝑄, 𝐾, 𝐴.

Jason Zimba, formerly a mathematical physicist, was a
lead author of the Common Core State Standards for
Mathematics and is a founding partner of the nonprofit
Student Achievement Partners. His email address is
jzimba@studentsachieve.net.

For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1327

My younger daughter was born right when the
standards development was getting started.

Like most of their customers, my parents
weren’t formally educated beyond high school,
but they read challenging books, watched infor-
mative programs on television, and believed in
education for its own sake. Now that I have kids
of my own, my wife and I emphasize education at
home just as our parents did. And after spending
several years as a mathematical physicist, today I
work full time to improve mathematics education
in America’s public schools—a mission that arose
from my role in developing the Common Core
State Standards for Mathematics [1].
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The Standards
Many experts contributed to the development of
the standards, includingmathematicians, teachers,
state education leaders, and researchers in mathe-
matics education. My two coauthors on the writing
team were Phil Daro, a longtime mathematics ed-
ucator, and William McCallum, a mathematician
at the University of Arizona who chaired the
mathematics working group.

Research about previous state standards, inter-
national mathematics performance, readiness for
college and careers, and mathematics education
informed the development of the standards. One
of the most widely praised features of the result-
ing document is its mathematical coherence. For
example, whereas historically the US curriculum
hasmade the study of fractions the study of round
food, the grade 3 standards (Figure 1) emphasize
that fractions are numbers, so that when it comes
time to multiply fractions in later grades, the
students are not being asked to multiply pizzas
[2]. Other topics that have been recognized for
their mathematically coherent treatment in the
standards are the properties of operations; the
relationship of subtraction to addition and of di-
vision to multiplication; the relationship between
fractions and decimals; measurement concepts;
the slope of a nonvertical line in the coordinate
plane; and the number line. See Figure 2 for an
additional excerpt from the standards.

The K–8 standards also revise the previous
“strand model” of mathematics content in order
to emphasize arithmetic, algebra, and the connec-
tions between them. Thanks to its architecture,
the Common Core matches the standards of high
performing countries more closely than previous
state standards did [3].

Students are expected to know the addition and
multiplication tables from memory, and they are
expected to be fluent with the standard algorithm
for each of the four basic operations with whole
numbers and decimals. In addition, the standards
expect students to use important mathematical
concepts such as place value and the properties of
operations. Why was it important to include con-
cepts in the standards? The Learning Processes
Task Group convened by the National Mathematics
Advisory Panel in 2008 concluded that “American
students have a poor grasp of most core arithmeti-
cal concepts…. Mastery of these core concepts is
a necessary component of learning arithmetic and
is needed to understand novel problems and to
use previously learned procedures to solve novel
problems [4]”. So it is important for the sake
of mathematics achievement that students learn
concepts in adequate depth.

Figure 1. The grade 3 fractions standards in
the Common Core [1, p. 24][1, p. 24][1, p. 24]. Note the presence
of the number line, of fractions greater than 1,
and of fractions equal to whole numbers.

(a)

(b)

Figure 2. One way the standards promote
mathematical coherence is by giving parallel
treatment to analogous concepts. (a) Two
introductory standards about area [1, p. 25][1, p. 25][1, p. 25].
(b) Two introductory standards about volume
[1, p. 37][1, p. 37][1, p. 37].
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Rising Expectations for Teaching, Too
Mathematical concepts have always appeared on
standardized tests, albeit usually superficially
(Figure 3a).

Students can easily be trained to answer item
3(a) without having to think about fractional
quantities—just tell them a rule that says, “To
answer fraction-of-a-set questions, put the num-
ber of desired objects above the line, and put the
total number of objects below the line.” Indeed, a
teacher with weak mathematical knowledge and a
long list of topics to cover might regularly present
mathematics this way. Training the students was
usually enough to deliver proficient scores on the
old tests, but bringing students to proficiency on
the new tests will likely require a substantial shift
in the way topics are taught. The best way to
prepare students for items like 3(b) and 3(c) is
probably to teach fractions as the numbers they
are—but this will be difficult, if the teacher’s own
grasp of fractions is weak.

Having shown some test items, I should be
careful to clarify that the Common Core is not a
test; it is a list of learning goals. The Common
Core is also not a suite of accountability policies:
a state adopting the standards does not thereby
impose accountability on schools or teachers. The
implementation of the standards varies from state
to state, and some states adopting the standards
have maintained their existing accountability poli-
cies, while other states have relaxed these policies
in order to give teachers time to adjust to the
new standards. Nor is a state adopting the stan-
dards thereby required to use The Partnership for
Assessment of Readiness for College and Careers
(PARCC) or Smarter Balanced tests. However, the
items shown in Figure 3 do serve to illustrate the
higher demands the standards make on teachers’
mathematical knowledge. Millions of students will
have taken these tests in 2015, and policymakers
are paying attention to the results. This creates an
opportunity.

On a panel discussion for teachers and
instructional leaders.

(a)

(b)

(c)

Figure 3. (a) Grade 3 item from one of the most
highly regarded pre-Common Core
assessments, the Massachusetts MCAS test [5][5][5].
(b) Grade 3 item from a Smarter Balanced
practice test. (c) Grade 3 item from a PARCC
practice test. PARCC and Smarter Balanced are
assessment systems developed over the past
several years to assess the Common Core [6][6][6].
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What Mathematicians Can Do
In 2010, the Conference Board of the Mathemati-
cal Sciences jointly with AMS and MAA published
The Mathematical Education of Teachers II (MET II).
This report found that “Prospective teachers need
mathematics courses that develop a solid under-
standing of themathematics theywill teach.” To be
clear, what the report is describing here is not col-
lege algebra, abstract algebra, calculus, liberal arts
mathematics, or mathematical modeling. Rather, I
would encourage mathematicians to work with ed-
ucation faculty to create (where it doesn’t already
exist) a course that: (1) is required for prospective
elementary teachers (undergraduate elementary-
education majors and prospective elementary
teachers who come into the profession through
a postgraduate certification); (2) can be taken
as an elective by undergraduates in any major;
(3) counts toward general-education quantitative
course requirements; (4) has no prerequisites be-
yond those required for undergraduate admission;
(5) is mathematically rigorous. Note, “rigorous”
here refers to quality of mathematical thought,
not sophistication of topics, techniques, or nota-
tion. Unfortunately, asMET II notes, “In some cases,
mathematicians do not see the deep study of ele-
mentarymathematics content as worthy of college
credit. They may try to make the course content
‘harder’ by introducing higher-level mathematics
or teach it as a skills course. Or they may ask
elementary teachers to take courses such as calcu-
lus or other college mathematics courses in lieu
of courses on elementary mathematics.” Having
taught elementary mathematics at a deep level to
college students, however, I agree with mathemati-
cian Sybilla Beckmann [7]: “Mathematics courses
that explore elementary school mathematics in
depth can be genuinely college-level intellectual
experiences, which can be interesting for instruc-
tors to teach and for teachers to take.” (6) imparts,
as the stated goal of the course, ‘profound under-
standing’ of school arithmetic and early algebra.
Those taking the course also learn how to ex-
plain topics from arithmetic and early algebra
(such as the “invert and multiply” rule of fraction
division, or the regrouping steps in the calcula-
tion 3014–658) in elementary but mathematically
sound ways.

A proto-curriculum for such a course already
exists in the Progressions documents published
by the Institute for Mathematics and Education
at the University of Arizona. These open-source
documents are keyed to the Common Core, which
makes them directly applicable to school systems
and hence of interest to schools of education.

Mathematics won’t be high on education
schools’ agenda unless mathematicians put it
there. MET II observes that colleges of education
“face increasing pressure to add courses related
to English Language Learners, special education,

educational policy, assessment, and other con-
temporary issues, which sometimes leads to the
elimination or reduction of mathematics courses
for prospective teachers.” Hung-Hsi Wu, a Berke-
ley mathematician long active in mathematics
education, says that “Research mathematicians
have their work cut out for them: consult with
education colleagues, help design new mathemat-
ics courses for teachers, teach those courses, and
offer constructive criticisms in every phase of this
reorientation in preservice professional develop-
ment” [2]. There are also ways for mathematicians
to work with school districts. In Hawai’i, the state
education agency partnered with the University of
Hawai’i at Hilo so that mathematicians and high
school teachers could write curriculum materials
together. At UCLA’s Philip C. Curtis Jr. Center
for Mathematics and Teaching, mathematicians
and K–12 educators are collaborating to design
professional learning tools for teachers. MET II
urges that “Mathematics departments need to
encourage and reward faculty for these efforts.”

For the first time, because of the Common Core,
the country has a widely shared picture of the con-
tent ofmathematics and a new spur to the demand
side of teacher content knowledge. Teachers who
used to shy away from mathematics now ask me
about such things as unit fractions, thedistributive
property, and the laws of exponents. A mathemati-
cian active in K–12 education for decades told me,
“For the first time in my professional career, many
teachers seem to realize they need more content
knowledge.” States and districts must respond to
this demand by providing current teachers with
learning opportunities in high-impact topics like
fractions.

My last recommendation to readers is to find
out more. Contact authors cited in the references
to this article, and ask for ideas and advice about
ways to improve the mathematical education of
teachers in your university and community. Sub-
stantial work on this problem has been done in
scattered places, but with the widespread adop-
tion of the CommonCore, successfulmodels could
more likely spread. And because more challeng-
ing tests are currently being administered for the
first time, policymakers and elected officials will
be paying attention to the results. Now may be
an especially good time to advocate for policies
to improve the quality of teachers’ mathemati-
cal knowledge. This is hard work, but if there
is any constituency that has the authority, the
responsibility, and ultimately the self-interest in
improving mathematics teaching in America, it is
the community of professional mathematicians.

References and Further Reading
[1] Common Core State Standards for Mathematics.

National Governors Association Center for Best Prac-
tices, Council of Chief State School Officers, Washing-
ton D.C., 2010. Online at www.corestandards.org.
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pages; Softcover; ISBN: 978-3-03719-155-2; List US$38; AMS members 
US$30.40; Order code EMSSERLEC/21
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Questions:

Contact AMS staff at 800-321-4267, ext. 4113
or by email at amsfellows@ams.org

Learn how to make or support a nomination
in the Requirements and Nominations Guide at:

www.ams.org/profession/ams-fellows

The nomination period is
February 1 through March 31.

FELLOWS

AMERICAN MATHEMATICAL SOCIETY
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American Mathematical Society    of the
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COMMUNICATION

The Institute for Computational 
and Experimental Research in 
Mathematics (ICERM)
Jill Pipher, Sergei Tabachnikov, and Homer F. Walker 

The Institute for Computational and Experimental 
Research in Mathematics (ICERM) is a National 
Science Foundation Mathematical Sciences Re-

search Institute at Brown 
University. Minutes from 
the main Brown campus, it 
occupies the top two floors 
of a Brown-owned building 
in downtown Providence, 
overlooking the Providence 
riverfront. Open since 2011, 
thousands of visitors have 
come to ICERM in its first 
four years of operation and 
well over a thousand are 
expected in the coming year. 
Activities range from fac-
ulty and student research 
programs to a week-long 
day camp for high-school 
girls (see upcoming pro-
grams and events at icerm.
brown.edu.)

Jill Pipher is the Elisha Benjamin Andrews Professor of 
Mathematics at Brown University and Director of ICERM. 
Her email address is jpipher@math.brown.edu.

Sergei Tabachnikov is a professor of mathematics at 
Pennsylvania State University, former Deputy Director of 
ICERM, and current Chair of ICERM's Education Advisory 
Board. His email address is tabachni@math.psu.edu.

Homer F. Walker is a professor of mathematics in the 
mathematical sciences department at Worcester Polytech-
nic Institute, and Deputy Directory of ICERM. His email 
address is walker@wpi.edu.

For permission to reprint this article, please contact: 
reprint-permission@ams.org.

DOI: http://dx.doi.org/10.1090/noti1348

ICERM occupies the top 
two floors of a Brown-
owned building in 
downtown Providence.

GirlsGetMath@ICERM participants explore 
mathematical sciences through hands-on 
activities, computations, and experimentations.

ICERM's lecture hall features sweeping views of 
downtown Providence and Brown University's 
College Hill.

After eight weeks at the Institute, the 
Summer@ICERM2014 undergraduate students, 
organizers and TAs pose together on their last 
day of the program.
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The Public Face of ICERM
ICERM invites the community to its popular 

public lecture series, 
which introduces non-
specialists to the wide 
range of mathematical 
topics that feature ex-
perimentation, compu-
tation, and visualization. 
Some of these lecture 
speakers also contrib-
ute video “shorts” to 
ICERM’s MathBytes@
ICERM series.

Here are some high-
lights from the Public 
Lecture series.

P u b l i c  L e c t u r e : 
“ S c r a t c h i n g  t h e 
Surface in Dynamic Vi-
sual Effects” (March 11, 
2013) https://icerm.
brown.edu/ssvde/.

Want water waves 
synchronized with music 
in movies?  Robert Brid-
son (University of British 
Columbia) showed how 
computational physics 
underlies some of the 
most amazing and the 

most routine visual effects 
in films. His geometric and 
numerical algorithms in 
physics-based animation 
produce natural-looking 

water, smoke, fire, and clothing to create previ-
ously unrealizable artistic effects.

Public Lecture: “Mathematics of Crime” (No-
vember 20, 2014) https://icerm.brown.edu/
public_lectures/pl-14-moc/. 

Using mathematical models to fight crime? 
Andrea Bertozzi (UCLA and Founding Chair of 
ICERM’s Science Advisory Board) told the fas-
cinating story behind her participation on the 
UCLA team that developed a “predictive policing” 
computer program that 
zeros in on areas that have 
the highest probability of 
crime. City of Providence 
and Brown University po-
lice were among the appre-
ciative attendees.

Public Lecture: “Mathe-
matics of Cooking” (March 
17, 2015) h t t p s : / /
icerm.brown.edu/pub-
lic_lectures/pl-15-
cook/.

How are eggs like snow? 
Dr. Michael Brenner (Har-
vard University) and Mark 
Ladner (Executive Chef, 
Del Posto Restaurant in 
New York City) teamed up 
to explain packing, phase 
transitions, elasticity and 
diffusion to a packed audience at Brown’s Salomon 
Center. They experimented with eggs, wheat glu-
ten, marshmallows, lime juice, M&M'S®, and green 
marshmallow Peeps®, using hot pans, blowtorches, 
and liquid nitrogen.  

Looking Ahead 
ICERM is expanding its computing offerings to 
participants. In addition to providing access to 
multiple software packages and to high-perfor-
mance computing through Brown’s Center for 
Computing and Visualization, ICERM staff will also 
be available for programming consulting. ICERM is 
launching a new program in 2015, Collaborate@
ICERM, and encourages proposals for small teams 
of researchers who may benefit from ICERM’s 
computing resources (see https://icerm.brown.
edu/get_involved/#tab-collab/.)

Finally, in July 2016, ICERM will welcome its 
second director, Brendan Hassett, a professor in 
the Mathematics Department at Brown University.
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Robert Bridson 
and a still from his 
public lecture on 
computational 
physics.

Andrea Bertozzi (second from left) stands 
with (L–R) Colonel Mark J. Porter and Lt. 
Kevin O'Connor (Brown University Police), 
and Lt. Luis San Lucas (Providence Police).
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Mathematical Reviews/MathSciNet® 
Associate Editor

Applications are invited for a full-time position as an Associate Editor of 
Mathematical Reviews/MathSciNet, to commence as early as possible 
in late spring/early summer 2016. The Mathematical Reviews (MR) 
division of the American Mathematical Society (AMS) is located in Ann 
Arbor, Michigan, in a beautiful, historic building close to the campus of 

the University of Michigan. The editors are employees of the AMS; they 
also enjoy certain privileges at the university. At present, the AMS employs 

approximately seventy-eight people at Mathematical Reviews, including sixteen 
mathematical editors. MR’s mission is to develop and maintain the MR Database, 
from which MathSciNet is produced.

An Associate Editor is responsible for broad areas of the mathematical sciences. 
Editors select articles and books for coverage, classify these items, determine the type 
of coverage, assign selected items for review to reviewers, and edit the reviews on 
their return.

The successful applicant will have mathematical breadth with an interest in 
current developments, and will be willing to learn new topics in pure and applied 
mathematics. In particular, we are looking for an applicant with expertise in algebraic 
geometry, or related areas of mathematics, such as commutative rings and algebras 
or group theory. The ability to write well in English is essential. The applicant should 
normally have several years of relevant academic (or equivalent) experience beyond 
the Ph.D.  Evidence of written scholarship in mathematics is expected. The twelve-
month salary will be commensurate with the experience that the applicant brings to 
the position. Applications (including a curriculum vitae; bibliography; and the names, 
addresses, phone numbers, and email addresses of at least three references) should be 
sent to:

Dr. Edward Dunne email: egd@ams.org 
Executive Editor Tel: (734) 996-5257 
Mathematical Reviews Fax: (734) 996-2916 
P. O. Box 8604 URL: www.ams.org/mr-database 
Ann Arbor, MI 48107-8604               Blog: blogs.ams.org/beyondreviews

The review of the applications will begin on February 15, 2016 and will continue until 
the position is filled.

The American Mathematical Society is an  
Affirmative Action/Equal Opportunity Employer.

AMERICAN MATHEMATICAL SOCIETY

http://www.ams.org/mr-database
http://blogs.ams.org/beyondreviews
http://www.ams.org
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2014 Annual Survey of the Mathematical Sciences in the US

   Fall 2014 Departmental 
Profile Report

William Yslas Vélez, Thomas H. Barr, and Colleen A. Rose

This report presents a profile of mathematical sciences (MS) departments at four-year colleges and universities in 

the United States, as of fall 2014.  The information presented includes the numbers of faculty in various categories, 

undergraduate and graduate course enrollments, numbers of Bachelor’s and Master’s degrees awarded during the 

preceding year, and the number of graduate students. Definitions of “mathematical sciences,” “math,” and “statistics” 

along with a description of the faculty categories used in this report are provided at the end of this report.

Data collected earlier from these departments on recruitment, hiring, and faculty salaries were presented in the Report 

on 2013–2014 Academic Recruitment and Hiring (pages 533–538 of the May 2015 issue of Notices of the AMS ) and the 

2013–2014 Faculty Salaries Report (pages 644–650 of the June/July 2015 issue of Notices of the AMS ). 

Detailed information, including tables which traditionally appeared in this report, is available on the AMS website at 

www.ams.org/annual-survey/survey-reports.

Faculty Size

The estimated number of full-time faculty in MS for fall 2014 is 24,865. Of these, 22,537 were in Math (down slightly 
from 22,606 last year) and 2,328 were in Statistics (up from 2,188 last year). Full-time faculty in the Doctoral Math 
group increased slightly to 8,961 from 8,843 last year. In Math we estimate that the number of nondoctoral full-time 
faculty is 3,605, down 5% from last year’s estimate of 3,803, with a standard error of 117. The total part-time faculty 
in Math is estimated to be 8,014 (with a standard error of 264), up 2% from 7,860 last year. In Statistics, part-time 
faculty is estimated to be 264, down 19% from 325 last year.

Figure F.1: Full-time Faculty
by Department Grouping 

Figure F.3 Full-time Faculty 
Teaching Courses Outside 

of the Mathematical Sciences

Total: 24,865 Total: 21,121 Total: 2,266*
*(35% teach only computer science courses

Figure F.2: Full-time Doctoral Faculty
by Department Grouping 

William Yslas Vélez is a professor in the Department of Mathematics at University of Arizona. Thomas H. Barr is AMS special projects 
officer. Colleen A. Rose is AMS survey analyst.

http://www.ams.org/annual-survey/survey-reports
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Figure D.1: Full-time Tenured
Doctoral Faculty 

by Department Grouping

Total: 12,997 Total: 3,607

Doctoral Faculty

The estimated number of full-time doctoral (i.e., doctorate-holding) faculty in MS is 21,121. In Math this estimate is 
18,932 (with a standard error of 117), up slightly from last year’s number of 18,803; and in Statistics it is 2,189, up 6% 
from 2,066 last year. Total doctoral tenured faculty is 11,909 and 1,088 compared to 12,202 and 1,048 for fall 2013. 
65% of all doctoral tenured faculty in Math are full professors, while 12% are tenure-eligible. Females hold 22% of all 
doctoral tenured faculty and 18% of doctoral tenured full professor appointments. 

 • 76% of all tenured doctoral faculty in the Doctoral Math group are 
full professors (3,628), with 70% of these appointments in Math 
Public departments.

 • Tenure-eligible doctoral faculty increased 3% among the Doctoral 
Math group, while the Master’s, Bachelor’s, and Biostatistics’ 
groups showed decreases of 12%, 4%, and 5%, respectively. 

 • Postdoctoral appointments among the Doctoral Math group 
increased to 1,260 for fall 2014. This is a 9% increase from 
last year and 15% of the total full-time doctoral faculty in 
these departments (up from 14% last year). In stats postdocs 
decreased 5% to 210.

 • Females hold 21% of all postdoctoral appointments (up from 
20% last year).

Total:8,685

Figure D.5: Gender of Full-time Doctoral Faculty
Total: 21,081

(81%)

(73%)

(68%)

(71%)

(19%)

(29%)

(32%)

(27%)

Figure D.3: Full-time 
Non-tenure-track

Doctoral Faculty (excluding Postdocs)

by Department Grouping

Total: 2,909

 • 13% of the doctoral faculty in the Doctoral Math group are 
in non-tenure-track positions. The majority of these faculty 
hold renewable (77%) and fixed-term appointments (20%).

Looking at part-time doctoral faculty: 

 • Total part-time doctoral faculty increased 3% to 2,091 from 2,036 
last year. Of these, 26% receive benefits, and 7% are in phased 
retirement.

 • 44% of all part-time doctoral faculty are in Doctoral Math 
departments.

 • Females hold 28% of all part-time doctoral faculty positions.

Figure D.2: Full-time
Tenure-eligible Doctoral Faculty

by Department Grouping

Figure D.4: Full-time Tenured
Doctoral Full Professor Faculty

by Department Grouping
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The estimated number of nondoctoral (i.e., without a doctorate) full-time faculty in MS is 3,744, of which 3,605 are 
in Math and 139 are in Statistics. This count is down 5% from last year, and it represents 15% of all full-time faculty. 
In Math, nondoctoral tenured faculty decreased 39% from 521 to 320 this year, while in Statistics there were none. 190 
of the nondoctoral faculty in Math are tenure-eligible, 5% of all tenure-eligible. Nondoctoral full-time non-tenure-track 
faculty increased 1% to 3,233; this is 86% of all nondoctoral Math faculty, up from 81% last year. Females composed 
56% of all nondoctoral faculty.

Nondoctoral Faculty

Figure ND.4: Gender of Full-time Nondoctoral Faculty
Total: 3,740

(59%)

(56%)

(44%)

(47%)

 • 24% of all tenured nondoctoral faculty in MS are full 
professors (76) with 67% of these appointments in the 
Bachelors group. Statistics reported no faculty in this 
category. 

 • Master’s and Bachelor’s departments combined reported 
the majority of the nondoctoral nontenure-track faculty 
holding renewable and fixed-term appointments with 
71% and 75%, respectively.

 • Females account for 56% of full-time nondoctoral faculty 
in Math (up from 54% last year), compared to females 
accounting for 26% of all doctoral full-time faculty and 
31% of all full-time faculty in these same groups.

Looking at part-time nondoctoral faculty: 

 • Total part-time nondoctoral faculty increased slightly to 
6,187 from 6,149 last year. Of these faculty, 20% receive 
benefits and 1% are in phased retirement.

 • 75% of all part-time faculty are nondoctoral; females 
hold 47% of these positions.

 • Part-time nondoctoral faculty increased 3% to 776 in 
Doctoral Math departments, this is 56% of all part-time 
faculty in this group.

(41%)

(53%)

(56%)

(44%)

Figure ND.1: Full-time 
Nondoctoral Faculty 

by Department Grouping

Figure ND.2: Full-time Nondoctoral
 Tenured Faculty 

by Department Grouping

Figure ND.3: Full-time Nondoctoral
Non-tenure-track Faculty
by Type of Appointment

(excluding Postdocs)

Total: 3,744 Total: 320 Total: 3,233
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Female Faculty

Figure FF.1: Full-time Tenured 
Female Doctoral Faculty
by Department Grouping

Females account for 31% (7,706) of all full-time faculty in MS. In Math, women comprised 31% (6,906 with a standard 

error of 124) of the full-time faculty (22,537) in fall 2014. For the Doctoral Math departments, women compose 16% of 

the combined doctorate-holding tenured and tenure-eligible faculty and 29% of the doctoral-holding non-tenure-track 

(including postdocs) faculty in fall 2014. In the other departments these respective percentages are: 27% and 34% in 

Statistics, 28% and 51% in Biostatistics, 28% and 34% in Master’s, and for Bachelor’s faculty they are 32% and 33%. Among 

the nondoctoral full-time faculty in Math, women compose 56%. Females account for 43% of all part-time faculty in Math. 

Total: 2,914 Total: 1,241 Total: 1,583

Figure FF.4: Full-time Female Doctoral  
Non-tenure-track Faculty 

(excluding Postdocs)

by Department Grouping

Total: 1,141

 • Females hold 14% of full-time tenured and 25% of full-time tenure-
eligible positions in Doctoral Math departments.

 • 43% of all full-time female faculty are in the Bachelor’s departments.

 • Biostatistics departments reported the highest percentage of full-
time female faculty (40%), followed by the Bachelor’s departments 
(37%), and Master’s (34%), while Math Private Large reported the 
lowest (16%). 

 • Females hold 21% of all postdoctoral appointments. 34% of all female 
postdocs in Doctoral Math departments are in the Math Public Large 
group. The Math Private Small group reported the highest percentage 
(24%) of female postdocs.

 • 89% of all female nondoctoral non-tenure-track faculty appointments 
(1,631) are renewable; 10% are fixed-term, and 1% are other types of 
appointments.

Looking at part-time female faculty: 

 • 59% of all part-time female faculty in Math are found in the Bachelor’s 
departments.

 • 83% of all part-time female faculty hold nondoctoral positions. Of 
these faculty, 19% receive benefits and 1% are phased retirements.

Figure FF.2: Full-time Tenure-eligible  
Female Doctoral Faculty
by Department Grouping

Figure FF.3: Female Doctoral 
Full Professor Faculty

by Department Grouping
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Undergraduate Course Enrollments

Total undergraduate enrollments for all groups combined increased slightly from 2,460,000 to 2,481,000 (with a 

standard error of 22,000). MS departments reported an overall decrease of 1% in the number of undergraduate course 

enrollments per full-time faculty member.   

Figure UE.1: Undergraduate Course Enrollments  
by Department Grouping 

Figure UE.2: Undergraduate Course Enrollment 
per Full-Time Faculty Member, Fall 2014

Total Undergraduate Enrollments (thousands): 2,481

Figure GE.1: Graduate Course Enrollments  
by Department Grouping 

Total Graduate Enrollments (thousands): 107

Figure GE.2: Graduate Course Enrollment per Full-Time 
Tenured and Tenure-eligible Faculty Member, Fall 2014

Total graduate course enrollments have decreased slightly from 108,000 to 107,000 (with a standard error of 3,000). 
MS departments reported an overall increase of 2% in the estimated number of graduate course enrollments per full-
time tenured and tenure-eligible faculty member.

Graduate Course Enrollments
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For the period 2013–2014, the estimated number of Bachelor’s degrees awarded in MS departments is 29,673, 

down slightly from the previous year’s estimate of 29,719. The standard error estimate is 381. Of these, 12,316 

were earned by females (41%), a slight increase over last year’s count of 12,278. In Math, this year’s estimated number of 

bachelor’s degrees awarded is 28,277, a count that includes 11,706 degrees earned by females, 767 Statistics-only 

degrees, and 1,811 Computer-Science-only degrees. This figure represents a slight drop from last year’s estimate of 

28,423 degrees awarded by Math departments.

Bachelor’s Degrees Awarded

 • Math Doctoral departments awarded 2% 
more Bachelor’s degrees this year, up 178 
from last year, 38% of all degrees awarded.

 • Math Public Small and the Statistics groups 
showed the largest increases, both up 8% 
from last year.

 • Applied Math departments showed the 
largest percentage decrease in degrees 
awarded, down 14% from last year.

 • Bachelor’s departments awarded 42% of all 
the degrees in MS, the same as in the last 
two years.

 • Statistics’ departments awarded 1,352 
degrees, up 8% from 1,249 last year; females 
received 39% of these degrees. 

 • Total Statistics-only degrees in Math 
departments increased by 26% to 767. All 
groups reported increases except Math Public 
Medium, Math Private Large, and Master’s.

 • Among Math departments surveyed, 81% of 
Computer Science degrees were awarded by 
Bachelor’s departments.

Figure UD.1: Undergraduate Degrees Awarded* 
by Department Grouping

Figure UD.3: Undergraduate Degrees Awarded
All Mathematics Departments Combined

* Degrees awarded between July 1, 2013 and June 30, 2014.
Total: 29,673 Total: 12,316

Figure UD.2: Undergraduate Degrees Awarded*
to Females by Department Grouping

 • Math Doctoral departments awarded 34% of all degrees awarded 
to females.

 • Since 2010, the annual number of Bachelor’s degrees awarded has 
increased by 21%, and the number of degrees awarded to females 
has increased by 16%.

* Degrees awarded between July 1, 2013 and June 30, 2014.
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Master’s Degrees Awarded

For the period 2013–2014, the estimated number of Master’s degrees awarded in MS departments is 6,546, an increase 
of 2% over the previous year’s estimate of 6,395. The standard error in this estimate is 141. Of these, 2,843 were earned 
by females (43%), which is an increase of 1 percentage point over last year’s percentage and an 8% increase over last 
year’s 2,643. In Math, this year’s estimated number of Master’s degrees awarded is 4,548, a count that includes 1,845 
degrees earned by females, 2,335 Statistics-only degrees, and 71 Computer-Science-only degrees. This figure represents 
a 2% decrease over last year’s estimate of 4,619 Master’s degrees awarded by Math departments.

Figure MD.1: Master’s Degrees Awarded*  
by Department Grouping

Total Master’s Degrees Awarded: 6,546
*Degrees awarded between July 1, 2013 and June 30, 2014.

Total: 2,843

Figure MD.2: Master’s Degrees Awarded*
to Females by Department Grouping

* Degrees awarded between July 1, 2013 and June 30, 2014.

 • Degrees awarded to females increased by 14% in the Statistics 
group and decreased 1% in the Biostatistics group.

 • 61% of all Statistics-only degrees were awarded by the Statistics 
group. 

From 2010 to 2014 the annual number of Master’s degrees 
from Math departments has increased by 7%. The number 
awarded to females has increased by the same percentage 
over time.

Figure MD.3: Master’s Degrees Awarded
All Mathematics Departments Combined

Overall features: 

 • In all but two Math groups, production of Master’s 
degrees fell from last year. The decline is attributable 
to an 8% decline in Master’s in pure and applied 
mathematics.

 • In the Statistics group, production of Master’s degrees 
increased enough to net an overall 2% increase compared 
with last year.

Looking at the math group: 

 • Master’s departments awarded the highest percentage 
of degrees (27%, the same as the last two years). 

 • Math Private Small awarded the smallest percentage of 
degrees with 3%, the same as last year, and was the only 
math group in which the number of Master’s degrees 
did not decrease.

 • Females received 41% of all degrees awarded among all 
the Math groups, up from 38% last year.

 • 14% of degrees awarded in Math departments were in 
Statistics-only or Computer-Science-only.

Looking at Statistics: 

 • Statistics departments awarded 1,535 degrees, an in-
crease of 16% over last year.

 • Biostatistics departments awarded 464 degrees, up 2% 
from last year.
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Graduate Students

Figure GS.1: Graduate Students  
by Department Grouping

Total Graduate Students: 22,496

 • Full-time graduate students and full-time female graduate 
students increased in groups Math Public Small, Math Private 
Large, Math Private Small, and Statistics; all other groups 
reported decreases.

 • Math Private Small departments had the largest percentage 
and number increase in graduate students with 12% (up  from 
853 to 958).

 • First-year graduate students increased in all groups, except 
Math Public Large, Math Private Large, Applied Math, and 
Biostatistics; Math Private Small and Statistics groups had the 
largest percentage increases with 5% and 12%, respectively.

 • US citizen and permanent resident graduate students 
decreased 4% overall; while most groups reported decreases 
of less than 5%, Math Private Small reported an increase of 
28%, and the Master’s group reported an 18% decrease.

 • Underrepresented minorities accounted for 11% of US citizen 
and permanent resident graduate students and 30% of first-
year graduate students, with females comprising 38% and 
41% of these categories, respectively.

 • Total part-time graduate students decreased in all groups 
except Math Public Medium, Math Public Small, Applied 
Math, and Biostatistics, which increased 6%, 12%, 22%, and 
23%, respectively.

 • Part-time US citizen and permanent resident graduate 
students decreased 6% to 3,665, and non-US citizens increased 
22% to 657.

 • Underrepresented minorities account for 16% of part-time US 
citizen and permanent resident graduate students.

In fall 2014, the total number of full-time graduate students is estimated at 22,496, with 15,939 in Math (down from 
16,199 in fall 2013) and 6,557 in Statistics. The total number of full-time graduate students in Doctoral Math departments 
is 12,023 (down from 12,961). In Doctoral Math departments, counts of full-time and first-year graduate students 
who are US citizens or permanent residents have remained essentially unchanged at 7,098 and 1,826, respectively. 
For the Master’s group, full-time graduate students increased 9% to 3,237, the number of US citizens and permanent 
residents is 2,022 (down from 2,472), and the number of first-year students is 1,287 (down from 1,383). Statistics and 
Biostatistics reported full-time graduate students at 6,557, down from 6,255. Females account for 36% (8,141) of all 
full-time graduate students, the same percentage as last year.

Table GS.2: Full-Time Graduate Students in All Doctoral Math Combined
by Gender and Citizenship, Fall 2005–2014

1 Starting with 2014 departments were asked to report US citizen and permanent resident counts together; previously permanent residents were included in the non-US 
citizen counts. All percentages prior to 2014 have been updated to allow for comparison with previous years’ data.
2 Prior to 2014 these counts only included US Citizens. Underrepresented minorities includes any person having origins within the categories American Indian or Alaskan 
Native, Black or African American, Hispanic or Latino, and Native Hawaiian or Other Pacific Islander.



February 2016  Notices oF the aMs   171

2014 Annual Survey of the Mathematical Sciences in the US

Errata to the 2013 Departmental Profile Report

An error was discovered in the tabulation of the Fall 2013 full-time doctoral female short-term appointments and female 
other part-time faculty, which resulted in the underreporting of the faculty data that appeared in the April 2015 issue 
of Notices of the AMS. Table DF.1 shows the updated counts for doctoral full-time faculty counts for fall 2013. Updated 
information on total full-time and part-time faculty can be viewed at www.ams.org/annual-survey/2013Survey-
DepartmentalProfile-Report.

Supplemental Table DF.1: Doctoral Full-time Faculty, Fall 2013*

Faculty Categories

The faculty categories used in this report are described below. Departments were asked to report any 
faculty member who was considered to be full-time in the institution for the academic year and at least 
half-time in the department.  Each faculty member was reported in exactly one of these categories.

Tenure-track faculty includes full-time faculty who hold tenured/tenure-eligible positions (i.e., only those individuals 
who are tenured full professors, other tenured and tenure-eligible faculty).

Postdoctoral faculty includes full-time faculty who have teaching and/or research responsibilities, but for a strictly 
limited term of employment (i.e., those individuals who hold a temporary position primarily intended to provide an 
opportunity to continue training or to further research experience).

Non-tenure-track faculty includes full-time faculty eligible for benefits and with an appointment that lasts at least 
one academic year. These faculty hold appointments that are renewable (potentially unlimited), fixed-term but not 
renewable, or temporary.  Typical titles for these positions are Lecturer, Senior Lecturer, Instructor, Senior Instructor, 
Associate/Assistant/Full Teaching Professor, Professor of the Practice, or Clinical Professor, and similar titles for 
research-only faculty.

Part-time faculty includes those individuals who are hired term-by-term and are paid by the course and those in phased 
retirement. 

http://www.ams.org/annual-survey/2013Survey-DepartmentalProfile-Report
http://www.ams.org/annual-survey/2013Survey-DepartmentalProfile-Report
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Department Groupings

In this report, Mathematical Sciences departments 
are those in four-year institutions in the US that refer 
to themselves with a name that incorporates (with a few 
exceptions) “Mathematics” or “Statistics” in some form.  
For instance, the term includes, but is not limited to, 
departments of “Mathematics,” “Mathematical Sciences,” 
“Mathematics and Statistics,” “Mathematics and 
Computer Science,” “Applied Mathematics,” “Statistics,” 
and “Biostatistics.” Also, Mathematics (Math) refers to 
departments that (with exceptions) have “mathematics” 
in the name; Statistics refers to departments that 
incorporate (again, with exceptions) “statistics” in the 
name but do not use “mathematics.”  The streamlining 
of language here militates against the possible objection 
to foreshortening the full subject names. 

Starting with reports on the 2012 AMS-ASA-IMS-MAA-
SIAM Annual Survey of the Mathematical Sciences, the 
Joint Data Committee implemented a new method for 
grouping doctorate-granting Mathematics departments.  
These departments are first grouped into those at public 
institutions and those at private institutions.  These 
groups are further subdivided based on the size of their 
doctoral program as reflected in the average annual 
number of PhDs awarded between 2000 and 2010, based 
on their reports to the Annual Survey during that period. 

For further details on the change in the doctoral 
department groupings, see the article in the October 
2012 issue of Notices of the AMS at www.ams.org/
journals/notices/201209/rtx120901262p.pdf.

Math Public Large consists of departments with the highest annual rate of production of PhDs, ranging between 7.0 and 24.2 per year.
Math Public Medium consists of departments with an annual rate of production of PhDs, ranging between 3.9 and 6.9 per year.
Math Public Small consists of departments with an annual rate of production of PhDs of 3.8 or less per year.
Math Private Large consists of departments with an annual rate of production of PhDs, ranging between 3.9 and 19.8 per year.
Math Private Small consists of departments with an annual rate of production of PhDs of 3.8 or less per year.
Applied Mathematics consists of doctoral-degree-granting applied mathematics departments.
Statistics consists of doctoral-degree-granting statistics departments.
Biostatistics consists of doctoral-degree-granting biostatistics departments.
Master’s contains US departments granting a Master’s degree as the highest graduate degree.
Bachelor’s contains US departments granting a Baccalaureate degree only.
Doctoral Math contains all US math public, math private, and applied math mathematics departments granting a PhD as the highest 

graduate degree.
Mathematics contains all US math public, math private, and applied math, Master’s, and Bachelor’s groups above. 

Listings of the actual departments that compose these groups are available on the AMS website at www.ams.org/
annual-survey/groups.

The questionnaire on which this report is based, 
“Departmental Profile,” is sent to all Doctoral, Master’s and 
Bachelor’s departments in the US.

Response rates vary substantially across the different 
department groups. For most of the data collected on the 
Departmental Profile form, the year-to-year changes in a 
given department’s data are small when compared to the 
variations among the departments within a given group. 
As a result of this, the most recent prior year’s response is 
used (imputed) if deemed suitable. After the inclusion of 
prior responses, standard adjustments for the remaining 
nonresponses are then made to arrive at the estimates 
reported for the entire groups. 

Standard errors were calculated for some of the key 
estimates for the Doctoral Math Group (Math Public, Math 
Private, and Applied Math), Master’s Group and Bachelor’s, 
and Statistics and Biostatistics’ Groups. Standard errors 
are calculated using the variability in the data and can 
be used to measure how close our estimate is to the true 

value for the population. As an example, the number of 
full-time faculty in the Master’s Group is estimated at 
4,483 with a standard error of 139. This means the actual 
number of full-time faculty in the Master’s Group is most 
likely between 4,483 plus or minus two standard errors, or 
between 4,205 and 4,761. This is much more informative 
than simply giving the estimate of 4,483.

Estimates are also given for parameters that are totals 
from all groups, such as the total number of full-time 
faculty. For example, an estimate of the total number 
of full-time faculty in all groups except Statistics and 
Biostatistics combined is 22,518, with a standard error 
of 268.

The careful reader will note that a row or column total 
may differ slightly from the sum of the individual entries. 
All table entries are the rounded values of the individual 
projections associated with each entry, and the differences 
are the result of this rounding (as the sum of rounded 
numbers is not always the same as the rounded sum).

Remarks on Statistical Procedures

http://www.ams.org/annual-survey/groups
http://www.ams.org/annual-survey/groups
http://www.ams.org/journals/notices/201209/rtx120901262p.pdf
http://www.ams.org/journals/notices/201209/rtx120901262p.pdf


February 2016  Notices oF the aMs   173

2014 Annual Survey of the Mathematical Sciences in the US

Department Group Number Percent Imputed
1

Math Public Large 26 of 26 100% 4

Math Public Medium 40 of 40 100% 5

Math Public Small 60 of 64 94% 15

Math Private Large 24 of 24 100% 5

Math Private Small 27 of 28 97% 6

Applied Math 25 of 26
2
 96% 3

Statistics 54 of 58 93% 14

Biostatistics 33 of 43
2
 77% 11

Master’s 126 of 177 75% 49

Bachelor’s 593 of 1,007 59% 234

1 See paragraph two under ‘Remarks on Statistical Procedures.’
2 The populations for Applied Math and Biostatistics are slightly less than for 
the Doctorates Granted Survey because some programs do not formally “house” 
faculty, teach undergraduate courses, or award undergraduate degrees.

Survey Response Rates by Grouping

Departmental Profile
Department Response Rates 

The Annual Survey attempts to provide an accurate 
appraisal and analysis of various aspects of the 
academic mathematical sciences scene for the use 
and benefit of the community and for filling the 
information needs of the professional organizations. 
Every year, college and university departments in 
the United States are invited to respond. The Annual 
Survey relies heavily on the conscientious efforts of 
the dedicated staff members of these departments for 
the quality of its information. On behalf of the Data 
Committee and the Annual Survey Staff, we thank the 
many secretarial and administrative staff members 
in the mathematical sciences departments for their 
cooperation and assistance in responding to the survey 
questionnaires.

Acknowledgments

Department Grouping Response Rates
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Leroy P. Steele Prizes

The selection committee for these prizes requests nominations for con-
sideration for the 2017 awards. Further information about the prizes can 
be found in the November 2015 Notices pp.1249–1255 (also available at 
www.ams.org/profession/prizes-awards/ams-prizes/steele-prize).

Three Leroy P. Steele Prizes are awarded each year in the following catego-
ries: (1) the Steele Prize for Lifetime Achievement: for the cumulative influ-
ence of the total mathematical work of the recipient, high level of research 
over a period of time, particular influence on the development of a field, 
and influence on mathematics through PhD students; (2) the Steele Prize 
for Mathematical Exposition: for a book or substantial survey or expos-
itory-research paper; and (3) the Steele Prize for Seminal Contribution 
to Research: for a paper, whether recent or not, that has proved to be 
of fundamental or lasting importance in its field, or a model of important 
research. In 2017 the prize for Seminal Contribution to Research will be 
awarded for a paper in Geometry/Topology.

Further information and instructions for submitting a nomination can 
be found at the Leroy P. Steele Prizes website: 

www.ams.org/profession/prizes-awards/ams-prizes/steele-prize 

Nominations for the Steele Prizes for Lifetime Achievement and for 
Mathematical Exposition will remain active and receive consideration 
for three consecutive years. 

For questions contact the AMS Secretary at secretary@ams.org. 

The nomination period is February 1, 2016 through March 31, 
2016.

http://www.ams.org/profession/prizes-awards/ams-prizes/steele-prize
http://www.ams.org
http://www.ams.org/profession/prizes-awards/ams-prizes/steele-prize
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FROM THE AMS SECRETARY

Reflections on the AMS 
Committee on Education 

Tara S. Holm

It has been a great pleasure to serve on the Council 
of the AMS for the past four years. As part of my 
service, I have chaired the Committee on Education 
(CoE) for the last three years. The opportunity to 
do so has transformed my career. It gave me the 
chance to learn about compelling initiatives in un-
dergraduate mathematics education and to engage 
with policy leaders at the AMS and in Washington, 
DC. It also opened the door to working with TPSE 
Math (Transforming Post-Secondary Education in 
Mathematics, tpsemath.org).

The CoE has three main activities. We organize 
a workshop in Washington, DC each October where 
mathematics department leaders join the CoE to 
hear about innovations and studies taking place 
around the world and to discuss how the AMS can 
best support its members in these endeavors. We 
run a panel at the Joint Mathematics Meetings. At 
the 2015 JMM, our panel asked, “What is a Mathe-
matics PhD?” Finally, we confer the Award for Im-
pact on the Teaching and Learning of Mathematics, 
generously endowed by Ken Gross (University of 
Vermont), former member of the CoE.

I have just co-organized my last workshop as the 
CoE Chair. It took place in Washington, DC October 
29–31, 2015. During my tenure, I have steered the 
CoE towards a renewed focus on undergraduate 
education. This year, presentations included in-
spiring accounts of efforts to increase the diversity 
of mathematically trained students; discussions 
of the value and practicality of internships for 
undergraduate and graduate student career prepa-
ration; and reports from the American Statistical 

Association, the 
Mathemat ica l 
Association of 
America,  and 
the National Sci-
ence Foundation 
about their ef-
forts (and fund-
ing opportuni-
ties) for work 
in this arena. 
A full report is 
available on the CoE webpage (www.ams.org/
about-us/governance/committees/coe-home).

From time to time, the CoE is called on for 
other reasons. The now-infamous report Engage 
to Excel, issued in 2012 by PCAST (President’s 
Council of Advisors on Science and Technology), 
was published while I was CoE Chair. I worked with 
then-President Eric Friedlander and a small group 
of mathematicians to prepare the AMS response 
(www.ams.org/policy/govnews/pcast-state-
ment; published in the “Opinion” column of the 
October 2012 Notices). Our committee also had 
the chance to weigh in at early planning stages and 
to strongly endorse the new AMS Department of 
Education and Diversity.

There is renewed public attention to higher 
education in the technologies and sciences, and 
mathematics—at the heart of STEM— is often at 
the center of such discussions. I believe change 
is coming in higher education, particularly to our 
discipline. I have met chairs and department lead-
ers from around the country who are involved in 
effective and exciting innovations in undergrad-
uate education tailored to local needs. I have a 
renewed optimism that our mathematical sciences 
community will work together to ensure that we 
manage the change coherently without prescribing 
uniformity.

Tara S. Holm is professor of mathematics at Cornell Uni-
versity.  Her email address is tara.holm@cornell.edu.

For permission to reprint this article, please contact: 
reprint-permission@ams.org.

DOI: http://dx.doi.org/10.1090/noti1345
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http://www.ams.org/about-us/governance/committees/coe-home
http://tpsemath.org
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AMS members elect five new representatives to 
the Council each year, for three-year terms. Each 
Council member serves on one of five policy com-
mittees of the AMS: Education; Meetings and Con-
ferences; the Profession; Publications; or Science 
Policy. The AMS has nearly 100 more committees, 
including joint committees with other professional 
societies. Aside from Council representatives, 
members serve at the request of the President of 
the AMS. 

You may volunteer to serve on an AMS com-
mittee or nominate your colleagues at the AMS 
webpage (www.ams.org/committee-nominate). 
I encourage you to do so! It is rewarding to work 
for the AMS, to make suggestions about what the 
Society can do to serve its members, and to see the 
hardworking AMS staff sort through the ideas and 
carry out the best and most feasible ones.

If you have not done so, check out the AMS Blog 
On Teaching and Learning Mathematics (blogs.
ams.org/matheducation).

Douglas Mupasiri will assume leadership of the 
Committee on Edu-
cation on February 
1, 2016.  Please join 
me in wishing him 
and the committee a 
productive year. 

Douglas Mupasiri
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From the AMS Secretary

Timely, Informative Alerts
The AMS Bookstore New Releases email alert 
is the best way to keep current with new 
developments in your � eld and learn about 
forthcoming and recently published titles. 
These monthly mailings allow you to:

• Access each book’s abstract page on the AMS
Bookstore

• Preview chapter samples, Tables of Contents,
Indexes, and author supplemental materials

• Learn about Bookstore sales, special
discounts, publishing highlights, and more

AMS Bookstore

New
Releases
Email

A M E R I C A N  M AT H E M AT I C A L  S O C I E T Y

It’s convenient, it’s free, and you can  
unsubscribe at any time. Sign up today!

www.ams.org/
bookstore/
keepinformed

http://www.ams.org/committee-nominate
http://www.ams.org/bookstore/keepinformed
http://www.ams.org/bookstore/keepinformed
http://www.ams.org/bookstore/keepinformed
http://www.ams.org/bookstore
http://blogs.ams.org/matheducation
http://blogs.ams.org/matheducation


See the current Math in the Media and explore the 
archive at www.ams.org/mathmedia

“Math Games of 
Martin Gardner Still 
Spur Innovation”

Scientific American

“A safer world through 
disease mathematics”

Santa Fe New Mexican

“Together and Alone, 
Closing the Prime Gap”

Quanta Magazine

“Math Might Help 
Nail Oceans’ Plastic 
‘Garbage Patch’ 
Polluters”

NBC News

“Wheels when you 
need them”

Science

“Top Math Prize Has 
Its First Female  
Winner”

The New York Times

“How math is growing 
more strawberries in 
California”

PBS News Hour

“Can math save 
Illinois from 
gerrymandering?”

Chicago Sun-Times

“The Quest for 
Randomness”

American Scientist

“The Colbert Report, 
an interview with Ed 
Frenkel”

Comedy Central

“Calculating women: 
How to get more girls 
into math”

Christian Science  
Monitor

“The Minds Behind the 
MOOCs”

The Chronicle of Higher 
Education

AmericAn mAthemAticAl Society

A survey of math in the news 

http://www.ams.org/mathmedia
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The Man Who Knew Infinity :
A Report on the Movie
by George E. Andrews

The Man Who Knew Infinity
The Man Who Knew Infinity (Animus Films, Edward R.
Pressman Film, Exit Strategy Productions (Music Services),
Firecracker Entertainment, in association with Xeitgeist
Entertainment Group). Matthew Brown (director), Jeremy
Irons (as G. H. Hardy), Dev Patel (as Ramanujan).

In September 2015,TheManWho Knew Infinitywas shown
on three successive days at the Toronto International Film
Festival. The movie tells the story of the Indian genius,
Ramanujan. I had the good fortune to be able to attend
each showing.

I will begin with a brief summary of Ramanujan’s life
for those who are not familiar with the details. Ramanujan
was born in poverty in southern India in 1887. He was
a mathematical prodigy. After success in high school,
he lost his scholarship at the Government College at
Kumbakonam because he cared only about mathematics
and neglected some of his other subjects. On his own,
he discovered (and rediscovered) amazing theorems. He
eventually contacted G. H. Hardy in 1913, in a letter that
began as follows:

Dear Sir,
I beg to introduce myself to you as a clerk in the

Accounts Department of the Port Trust of Madras
on a salary of only L20 per annum…After leaving
school I have been employing the spare time at my
disposal to work at Mathematics…I am striking out
a new path for myself…I would request you to go
through the enclosed papers. Being poor, if you are
convinced that there is anything of value I would
like to have my theorems published…Yours truly, S.
Ramanujan

George E. Andrews is Evan Pugh University Professor in Math-
ematics at Pennsylvania State University. His email address is
gea1@psu.edu.

For permission to reprint this article, please contact:
reprint-permission@ams.org.

DOI: http://dx.doi.org/10.1090/noti1349
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Math consultant Ken Ono (left) coaches Dev Patel as
Ramanujan.

The letter did include many results (all without proof)
including:

1
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Years later in writing about Ramanujan [2, p. 9], Hardy
stated of these two results: “I had never seen anything
in the least like them before. A single look at them is
enough to show that they could only be written down by
a mathematician of the highest class. They must be true
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because, if they were not true, no one would have had the
imagination to invent them. Finally (you must remember
that I knew nothing whatever about Ramanujan and had
to think of every possibility) thewritermust be completely
honest, because greatmathematicians are commoner than
thieves or humbugs of such incredible skill.”

Hardy arranged for Ramanujan to come to England in
1914. The resulting collaboration transformed much of
number theory. In 1918, Ramanujan became very ill. In
1919, his health improved somewhat, and it was felt that
he might benefit from a return to India. Unfortunately his
health then deteriorated, and he died in 1920.

Hardy, in his Twelve Lectures on Ramanujan [2, p. 1],
begins by describing the difficulty in unraveling the
mystery of Ramanujan:

I have set myself a task in these lectures which
is genuinely difficult…I have to form myself, as
I have never really formed before, and to try to
help you to form, some sort of reasoned estimate
of the most romantic figure in the recent history
of mathematics; a man whose career seems full of
paradoxes and contradictions, who defies almost
all the canons by which we are accustomed to
judge one another, and about whom all of us will
probably agree in one judgment only, that he was
in some sense a very great mathematician.

While the enigma of Ramanujan’s genius may never be
fully understood, Ramanujan’s life story is told in The
Man Who Knew Infinity, the excellent biography by Robert
Kanigel [3]. Now Matthew Brown has made a movie of the
same name based on Kanigel’s book.

There have been a number of documentaries on Ra-
manujan’s Life. Channel 4 in Britain produced “Letter
From an Indian Clerk” in 1987. An extended version of
this program was presented by NOVA under the title,
“The Man Who Loved Numbers”. More recently the Indian
Institute for Science Education produced “The Genius of
Ramanujan”, and an Indian movie, Ramanujan, appeared
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Left to right: Producer Edward Pressman, Jeremy
Irons (Hardy), Dev Patel (Ramanujan), Ken Ono (math
consultant), Matthew Brown (director), and actress
Sorel Carradine.

in 2014. A play, titled A Disappearing Number, based on
Ramanujan’s life, toured in professional theaters and was
presented at the International Congress of Mathemati-
cians in Hyderabad in 2010. However, The Man Who Knew
Infinity is the first major American/British movie devoted
to the story of Ramanujan.

There are many good things to say about the film.
Matthew Brown, who both wrote and directed the movie,
relied on expert mathematical advice from Ken Ono
and Manjul Bhargava. Consequently, the mathematical
portions of the movie ring true. If one is looking for a
mathematical message, I would say that “the importance
of proofs in mathematics” plays a major, convincing role.
You might require the students in your class to attend
for this reason alone.

However, what makes this such an appealing movie is
the development of the relationship between the unso-
phisticated Indian genius, Ramanujan, and the very aloof
British academic don, Hardy. On top of this, we have
several underlying themes that complicate and intensify
their interaction. There is the tension produced by the
fact that Ramanujan’s wife remained in India. World War
I breaks out after Ramanujan arrives in Cambridge. The
passions of war lead to racism directed at Ramanujan, to
hostility toward the pacifist Hardy, and to the dismissal
of Hardy’s friend and fellow pacifist, Bertrand Russell,
from Cambridge. It is a monumental task to weave these
disparate threads into a seamless screenplay. Matthew
Brown has beautifully managed to do just that.
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Jeremy Irons (left) playing G. H. Hardy and Dev Patel,
playing Ramanujan.

The finale of the movie chooses to emphasize Ramanu-
jan’s triumphs. Prior to his return to India, he was elected
a Fellow of the Royal Society and a Fellow of Trinity
College. Ramanujan’s premature death after returning to
India is handled softly with Hardy receiving the tragic
news in a letter. I found these choices for the ending
of Ramanujan’s life to be exactly right. It would have
been easy to dwell on Ramanujan’s slow demise back in
India, and this would have been an unnecessarily jarring
conclusion.

Since I amwriting this article formathematicians,many
of whom will know much of Ramanujan’s story, I must
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stress that this is not a documentary. Some characters are
older than they were in real life—e.g., Janaki (Ramanujan’s
wife) and Hardy. Certain time compressions occur. What
is important to me in a biographical movie is whether the
story is true in general terms. There are no moments in
this movie when one feels that a person or event is being
seriously distorted.

As an explicit example of acceptable poetic license,
consider the famous 1729 story told by Hardy:

I remember once going to see him when he was
lying ill in Putney. I had ridden in taxi-cab No.
1729, and remarked that the number seemed to
me rather a dull one, and that I hoped it was
not an unfavorable omen. ‘No,’ he replied, ‘it is a
very interesting number; it is the smallest number
expressible as a sum of two cubes in two different
ways.’

The movie, in choosing not to dwell on Ramanujan’s
lengthy convalescence in England, inserts this story in a
scene where both Hardy and Ramanujan are out in the
street with Hardy arriving in cab 1729. Subsequently 1729
reemerges in an amusing exchange between Hardy and
Littlewood.

Thepioneeringcombinatoryanalyst,MajorP.A.MacMa-
hon, has an important part in the movie. Since I edited
MacMahon’s Collected Papers for the MIT Press [4], I
watched this role with great interest. Actually I was
delighted by the first seemingly implausible interaction
between MacMahon and Ramanujan. MacMahon chal-
lenges Ramanujan to give the square root of a quite
large integer. Ramanujan responds correctly after some
hesitation and has to correct his result with a few added
decimal places. Ramanujan then asksMacMahon to square
the original number which he does with lightning speed.
MacMahon is triumphant at having won the contest.

Surely you are wondering why this story would please
me. After all, this must be pure fantasy and unlike any
interaction of serious mathematicians. In fact, this is a
fairly accurate account of history. According to Gian-
Carlo Rota in his introduction to Volume I of MacMahon’s
Collected Papers: “It would have been fascinating to be
present at one of the battles of arithmetical wits at
Trinity College, when MacMahon would regularly trounce
Ramanujan by the display of superior ability for fast
mental calculation (as reported by D. C. Spencer, who
heard it from G. H. Hardy). The written accounts of the
lives of these characters, however, omit any mention of
this episode, since it clashes against our prejudices.”

In closing, I have to confess that I am hardly a dis-
interested observer. Ramanujan’s mathematics has been
of central importance in my career. I wrote my PhD the-
sis on Ramanujan’s mock theta functions. This, in turn,
eventually led to my stumbling onto Ramanujan’s Lost
Notebook in 1976 [5]. I have spent the last decade collabo-
rating with Bruce Berndt on five volumes providing proofs
of the results in the Lost Notebook [1]. I attended the
Toronto screenings with my daughter Amy, who is writ-
ing a children’s picture biography book about Ramanujan
forthcoming from Candlewick. My direct connection to
the movie is minimal. I had a lengthy conversation with

Matthew Brown via Skype, and, as a result, my name
appears in the “Thanks Also To” list in the credits. For
these reasons, I have termed this article a “report” rather
than a “review.” I sincerely hope that everymathematician
goes to see this movie, and I hope you enjoy it as much
as I did.
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Editor’s Note: See also the story about Ken Ono’s experi-
ences helping with the film, as told by Adriana Salerno in
the AMS blog PhDPlus: blogs.ams.org/phdplus/2014/
09/01.
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COMMUNICATIONS

How to Deal With a
Mathematics Journal
Editor
Scott T. Chapman

Readers will enjoy this parting testament from the outgoing editor of The American
Mathematical Monthly, the flagship publication of the Mathematical Association of
America and one of the oldest, most popular, and particular of all mathematics journals.
Of course every editor and every journal is different. Notices has fewer rules.

As my term as editor of the Monthly comes to a
close in 2016, I would like to offer some guidelines,
aimed especially at my younger colleagues, about
submitting papers tomathematics journals. Since I
took over the Monthly in 2012, I have handled well
over four thousand papers. I have probably seen
almost every problem scenario that can arise in
handling a paper: authors behaving badly, referees
behaving badly, and, yes, even the editor behaving
badly. In almost every case, the contention could
have been avoided by keeping a very important
point in mind: all players in this act are human.
Mistakes will be made. What matters is not the
mistake itself, but how the person responsible
reacts to it. Mistakes can be corrected, but heated
dialogue, mass email campaigns, and inaccurate
blog posts don’t help the situation. How you deal
with the editor can be key to the final result.

Let me go through the process of submitting
a paper with some tips and comments along the
way.

Scott T. Chapman is a professor and scholar in resi-
dence in the Department of Mathematics and Statistics
at Sam Houston State University. His e-mail address is
scott.chapman@shsu.edu.

For permission to reprint this article, please contact:
reprint-permission@ams.org.

DOI: http://dx.doi.org/10.1090/noti1326

Picking the Journal: Do Your Homework
Probably the most common reason I reject papers
is that the paper does not have the general appeal
necessary for the Monthly. While the Monthly
may be an extreme example (we mainly publish
expositorypieces), this point applies to all journals.
Most journals have a summary of their scope and
focus on their webpage. You don’t want to send an
algebra paper to a complex analysis journal. You
don’t want to submit a paper with a very narrow
result to a general subject journal like Proceedings
of the AmericanMathematical Society orBulletin of
the London Mathematical Society. Check in which
journals your references lie. Consider the prestige
level. Check page limitations. Don’t hesitate to
bother your senior colleagueswho have publishing
experience; in most cases, they will be happy to
help you.

Read the Submission Instructions
Carefully
Don’t make yourself resubmit multiple times be-
cause you have neglected to satisfy the journal’s
requirements. It amazes me how many authors
ignore the submission instructions. Case in point:
at the Monthly we have instituted (as of Janu-
ary 1, 2015) a double-blind review policy. Hence,
manuscripts should not contain authors’ names.
This is clearly advertised in our submission in-
structions. Last year I had to return 20 percent of
submissions for this reason alone.
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Prepare the Submitted Version of Your
Paper with the Utmost Care
When you submit a paper, it should be as close
to perfect as possible. After submitting, don’t
barrage the editor with corrections. While some
editors will allow you to make some changes and
resubmit, many do not. If you reread your paper
and find minor grammatical errors, don’t worry
about it; these can be fixed later. If you find a
major mathematical mistake, then write a very
polite letter to the editor asking to withdraw the
paper. Be apologetic; remember, youmight want to
resubmit to this same person. Keep the following
in mind: someone (and perhaps multiple people)
will referee your paper. This may be their first
impression of you. You want this first impression
to be as positive as possible. Bug a colleague to
review the paper before you submit. After you
look at the same paper long enough, it is amazing
what you can miss that another reader will quickly
see.

The Hardest Part—Now You Wait
We live in an instant communication age. Waiting
for things is not in our psyche. While journal
waiting times have changed from forty years ago,
they have not changed that drastically. If a paper
is refereed by one or more people, it may well
be four to eight months before you hear anything
from the editor (sometimes longer). There are a
lot of factors that go into this waiting time that
the author does not see. For instance, securing
a referee (or referees) might be difficult. I recall
on one paper having to solicit over twelve people
to secure two reports. Even with email, this takes
time. It is not unusual for the Monthly to take a
month or more to secure two reports. Moreover,
we usually review a paper for at least two weeks
before deciding whether or not to have it refereed.
Hence, when the author thinks we have had the
paper for almost two months, it might just be
getting into a new referee’s hands. Editors are at
the mercy of referees as much as authors are. A
nonresponsive referee is almost as annoying to an
editor as to an author.

When is it appropriate to contact the editor
concerning the status of your work? Sometimes I
appreciate it when authors do this. Even with a
high-tech online system, it is possible for papers
to fall through the cracks. I think it is premature
to do this before six months since submission
have passed. After six months, I think a short
reminder every three months is acceptable. I again
emphasize that these requests be polite. I once
had an author demand an answer on his paper
that day. Don’t try that.
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Scott Chapman at the board.

The Decision: How to Interpret It
Your paper will come back with one of three de-
cisions: Accept, Reject, or Revise. In all likelihood,
it will be one of the latter two. Revise is not equiv-
alent to accept. I have on several occasions had
referees look at revisions and change their minds
and recommend rejection.

You may receive one or more referee reports.
They could be extremely short and ask for only
esoteric changes, or they could be extremely long
and contain a request to essentially rewrite the
paper. Don’t react too quickly. Emails sent in
haste can’t be recalled. Read the report extremely
carefully, and think about the contents for several
days. While your first reaction to being told that
Theorem 5 is not strong enough might be horror,
after a few days you might begin to appreciate the
referee’s point of view.

There is a good chance you will not agree with
all of the suggested changes. It is reasonable to ask
the editor to waive a few of these. What becomes
problematic for the editor is a scenario such as
the following. Author A receives a referee’s report
from Referee R on a 12-page paper. The report
is two pages in length and asks for about two
dozen moderate changes. Author A then sends
back a 7-page response explaining why none of
the changes should be made. Author A should
not expect a Christmas card from the editor. In
fact, I would not be surprised if the editor became
the heavy and demanded all of the changes. If
you were to withdraw the paper and send it to a
similar journal, there is a good chance you would
hear many of the same things in the next report.
Do your best to make the referee happy. Having
requested a revision, the referee is clearly on your
side.

If the decision is to reject, again take some time.
You might come to accept the referee’s report
and the journal’s decision. The referee might have
done you a great favor by showing you either what
iswrong or how to improve yourmanuscript. Don’t
rush to revise the manuscript and try submitting
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Scott Chapman in Hawaii.

it somewhere else. Make sure you have addressed
the valid points that the referee has made before
moving forward.

How to Appeal/Protest a Decision
I will begin this section with a lemma, presented
without proof, but valid based on my nearly thirty
years of publishing.

Lemma 1. You probably won’t win an argument
with an editor.

The key word above is argument. Don’t start
your correspondence with the editor in an ad-
versarial tone. Nothing turns me off more than
hearing what a “moron” or “idiot” the referee
is. Keep it professional. Start the email to the
editor with something like, “Thank you for your
report and decision on our paper. We appreciate
the efforts of the referee(s).” Your job now is to
convince the editor that there are problems with
the referee’s reasoning. Opinions here are not go-
ing to help much. For instance, the following will
probably get you nowhere: “My coauthors and I
disagree with the report of the referee and ask
you to reconsider your decision.” Of course you
disagree with the referee. What you need now is
not opinion but facts. Give the editor as many
facts as you can, such as the following:

(a) Here is an argument which demonstrates
that the proof of Theorem 6 is actually correct.

(b) The referee claims that themain result of [12]
is of little interest. According to Google Scholar,
[12] has been referenced over 1,500 times.

(c) The referee claims that our main result is
already contained in [21]. This is incorrect, as our
hypotheses are much weaker.…

The more facts you can offer, the better the
chance you are going to grab the editor’s attention.

Rejection is difficult. While I spend a great
deal of my time rejecting papers, I can show you
a filing cabinet drawer peppered with rejection
letters to my own work. Every author has the
right to question a decision. While I know of no

statistics, I would guess that your chances of
changing an editor’s decision are not high. This
does not mean that you should not try. Don’t
expect your appeal to result in a long, detailed
email exchange. Most editors don’t have time for
this. If the editor responds and sharply negates
your arguments and lets the decision stand, leave
it at that and move on. Another email similar to
your first will likely get almost the same response.
Keep in mind that you might call on this editor
again, and you want him or her to be open to
dealing with you. If you have the last word, try to
leave on a high note: “While we disagree with your
decision, we respect the opinion of the journal
and thank you for your time.…”

Some Further Comments on Revision
The final version of your paper should be the
version approved by the refereeswith their various
changes, which in turn has been approved by the
editor. If you have an acceptance with minor
changes required, then this is not a green light to
completely rewrite the paper. If you do, the editor
will likely send it back to the referees for a further
okay, which clearly delays the process. Prepare the
revision as carefully as you prepared the original
version of the paper.

Read the Proofs
Don’t blow off your page proofs. While many
typesetters now produce the final product based
on the author’s LATEX file, they often format in a
particular way and things can change drastically.
While it is tempting to read the first two pages
(which are perfect) and then skip the rest, don’t
do it. Very few of the page proofs I get back from
authors contain no errors. Errata and addendums
are like hangnails to editors. A good read of the
proofsmight avoid something embarrassing down
the line.

Disclaimer
There is no one way to deal with an editor. What
works with one editor or journalmaywell not work
with another. Always remember that an editor has
a difficult job and has to say no to a lot of mer-
itorious work. Meanwhile, academic publishing is
changing daily. In the coming days and months,
you will likely hear more about “double-blind”,
“zero-blind”, and “open access”. No matter in what
direction our systems evolve, there will probably
always be one personmaking a final decision. Prac-
ticing effective professional communication with
editors will help you in publishing and will serve
you well in other aspects of your academic career.
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BOOKSHELF
A man is known by the books he reads. —Emerson

Hidden Harmony—Geometric Fantasies: 
The Rise of Complex Function Theory, 
by Umberto Bottazzini and Jeremy Gray 
(Springer, June 2013). The authors of this 
book are outstanding historians of math-
ematics, both of whom have received 
the AMS Albert Leon Whiteman Memo-
rial Prize for excellent exposition and 
exceptional scholarship in the history 

of mathematics. The book tells the story of the develop-
ment of complex function theory from its origins in the 
work of Cauchy, Riemann, and Weierstrass, up to 1914. In  
Mathematical Reviews, Karl-Heinz Schlote writes: “Rising 
from almost nothing, complex function theory became 
more and more involved with other fields of mathematics 
and established stimulating and fruitful interactions” with 
various areas of pure and applied mathematics. This is the 
first truly comprehensive history of this topic, offering 
a wealth of well-documented information. Schlote con-
cludes: “The book is highly recommended for historians 
of mathematics, mathematicians with historical interests, 
and everyone who is interested in complex function theory 
and its history.”

The AMS maintains a comprehensive list of reviews of 
popular mathematics books on its Reviews page at www. 
ams.org/news/math-in-the-media/reviews. The list 
highlights current books that have mathematical 
themes and are aimed at a broad audience potentially 
including mathematicians, students, and the general 
public.

Suggestions for books to include on the list should be sent 
to notices-booklist@ams.org.

New and Noteworthy Titles on Our Bookshelf
February 2016:

Math at the Art Museum, by Group 
Majoongmul and illustrated by 
Yun-ju Kim (Tantan Books, April 
2015). This book appears in the 
Tantan Math Story series, which 
the publisher’s website describes as 
“Interesting and moving mathemati-
cal education through literature.” 

Originally written in Korean, the books take a “literary 
approach to mathematical education.” Math at the Art 
Museum was written by a group of Korean authors called 
“Majoongmul”, which is a Korean word referring to prim-
ing a pump to start water flowing. The idea, the website 
says, is “to create books that serve as the priming water 
within children’s hearts.”

The Humans, by Matt Haig (Simon and 
Schuster, reprint edition, August 2014). 
Alex Kasman of the College of Charles-
ton, in his “Mathematical Fiction” website
(kasmana.people.cofc.edu/MATH-
FICT/), summarizes the plot of this 
novel: “After Cambridge mathemati-
cian Andrew Martin proves the Riemann 

Hypothesis, he is replaced by an alien whose job it is to 
prevent news of the discovery from spreading.” The aliens 
believe that humans are not ready for the power the proof 
would bestow on them. “Of course, there is no reason to 
think that a proof of the Riemann Hypothesis would actu-
ally have any dramatic impact on the human race,” Kasman 
continues. “But, then, the mathematics is not really the 
main focus of the book... [The alien’s] growing appreciation 
of humanity and the things we have made (from peanut 
butter to pop music)... seems to be the key point.” The 
novel received excellent reviews; BookPage had this to say: 
“A reverence for mathematics and history...runs through 
the book, cutting through some of the sentimentality with 
a healthy dose of intellectualism.”

Annals of Mathematics Studies: The dis-
tinguished monograph series has been 
published by Princeton University Press 
since 1940. Soon all volumes will be avail-
able again in paperback.

http://kasmana.people.cofc.edu/MATHFICT/
http://kasmana.people.cofc.edu/MATHFICT/
http://www.ams.org/news/math-in-the-media/reviews
http://www.ams.org/news/math-in-the-media/reviews
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From the AMS Secretary

Henry Cohn
Microsoft Research 
and MIT

Alicia Dickenstein
University of Buenos 
Aires

Erica Flapan
Pomona College

Anna Mazzucato
Pennsylvania State 
University

Alan William Reid
University of Texas 
at Austin

Members at Large of the Council
Terms are three years (February 1, 2016–January 31, 2019). 
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In the elections of 2015 the Society elected a president, a vice president, a trustee, five members at large of the 
Council, three members of the Nominating Committee, and two members of the Editorial Boards Committee.

2015 ELECTION RESULTS

Trustee
Bryna Kra
Northwestern University

Term is five years (Febru-
ary 1,  2016–January 31, 
2021).

Vice President
Richard Schoen 
University of California, Irvine, 
and Stanford University

Term is three years (February 
1, 2016–January 31, 2019).
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. President

Kenneth A. Ribet
University of California, Berkeley

Term is one year as president elect (February 1, 
2016–January 31, 2017), two years as president 
(February 1, 2017–January 31, 2019), and one year 
as immediate past president (February 1, 2019–
January 31, 2020).
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From the AMS Secretary

Editorial Boards Committee
Terms are three years (February 1, 2016–January 31, 2019).

Laura DeMarco 
Northwestern University

Tatiana Toro
University of Washington
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Nominating Committee
Terms are three years (January 1, 2016–December 31, 2018).

Carolyn Gordon
Dartmouth College

David R. Morrison
University of 
California, Santa 
Barbara

Karen Hunger 
Parshall
University of Virginia
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Vice President or 
Member at Large
One position of vice president and member of the Council 
ex officio  for a term of three years is to be filled in the elec-
tion of 2016. The Council intends to nominate at least two 
candidates, among whom may be candidates nominated  
by petition as described in the rules and procedures.

Five positions of member at large of the Council for a 
term of three years are to be filled in the same election. 
The Council intends to nominate at least ten candidates, 
among whom may be candidates nominated by petition in 
the manner described in the rules and procedures.

Petitions are presented to the Council, which, accord-
ing to Section 2 of Article VII of the bylaws, makes the 
nominations. 

Prior to presentation to the Council, petitions in sup-
port of a candidate for the position of vice president or 
of member at large of the Council must have at least fifty 
valid signatures and must conform to several rules and 
procedures, which are described below.

Editorial Boards Committee
Two places on the Editorial Boards Committee will be filled 
by election. There will be four continuing members of the 
Editorial Boards Committee.

The President will name at least four candidates for 
these two places, among whom may be candidates nomi-
nated by petition in the manner described in the rules and 
procedures.

The candidate’s assent and petitions bearing at least 100 
valid signatures are required for a name to be placed on 
the ballot. In addition, several other rules and procedures, 
described below, should be followed.

Nominating Committee
Three places on the Nominating Committee will be filled 
by election. There will be six continuing members of the 
Nominating Committee.

The President will name at least six candidates for these 
three places, among whom may be candidates nominated   
by petition in the manner described in the rules and 
procedures.

The candidate’s assent and petitions bearing at least 100 
valid signatures are required for a name to be placed on 
the ballot.  In addition, several other rules and procedures, 
described below, should be followed.

Rules and Procedures
Use separate copies of the form for each candidate for vice 
president, member at large, member of the Nominating or 
Editorial Boards Committees.

1. To be considered, petitions must be addressed to 
Carla D. Savage, Secretary, American Mathematical 
Society, 201 Charles Street, Providence, RI 02904-2294 
USA, and must arrive by 24 February 2016.

2. The name of the candidate must be given as it appears 
in the Combined Membership List (www.ams.org/cml). 
If the name does not appear in the list, as in the case 
of a new member or by error, it must be as it appears 
in the mailing lists, for example on the mailing label of 
the Notices. If the name does not identify the candidate 
uniquely, append the member code, which may be ob-
tained from the candidate’s mailing label or by the can-
didate contacting the AMS headquarters in Providence 
(amsmem@ams.org).

3. The petition for a single candidate may consist of sev-
eral sheets each bearing the statement of the petition, 
including the name of the position, and signatures. 
The name of the candidate must be exactly the same 
on all sheets.

4. On the next page is a sample form for petitions. Peti-
tioners may make and use photocopies or reasonable 
facsimiles.

5. A signature is valid when it is clearly that of the mem-
ber whose name and address is given in the left-hand 
column.

6. The signature may be in the style chosen by the signer. 
However, the printed name and address will be checked 
against the Combined Membership List and the mail-
ing lists. No attempt will be made to match variants 
of names with the form of name in the CML. A name 
neither in the CML nor on the mailing lists is not that of 
a member.  (Example: The name Carla D. Savage is that 
of a member.  The name C. Savage appears not to be.)

7. When a petition meeting these various requirements 
appears, the secretary will ask the candidate to indicate 
willingness to be included on the ballot. Petitioners can 
facilitate the procedure by accompanying the petitions 
with a signed statement from the candidate giving 
consent.

2016 AMS Election
Nominations by Petition
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Election Special Section

Nomination Petition  
                 for 2016 Election
The undersigned members of the American Mathematical Society propose the name of

as a candidate for the position of (check one):

  Vice President (term beginning 02/01/2017)
  Member at Large of the Council (term beginning 02/01/2017)
  Member of the Nominating Committee (term beginning 01/01/2017)
  Member of the Editorial Boards Committee (term beginning 02/01/2017)

of the American Mathematical Society.
Return petitions by 24 February 2016 to:  

Secretary, AMS, 201 Charles Street, Providence, RI 02904-2294 USA

Signature

Signature

Signature

Signature

Signature

Signature

Name and address (printed or typed)
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Mathematics People

Arguin Awarded Aisenstadt 
Prize 

Louis-Pierre Arguin of the City 
University of New York (Baruch 
College and Graduate Center) has 
been awarded the 2015 André-
Aisenstadt Prize in Mathemat-
ics by the Centre de Recherches 
Mathématiques (CRM). The prize 
citation reads in part: “One of his 
most spectacular breakthroughs 
came in a series of joint papers 
with Anton Bovier and Nicola 
Kistler on the extreme values of 

branching Brownian motion. This work has received con-
siderable international recognition and was the subject 
of a Séminaire Bourbaki in March 2013. The impact of 
the methods developed by Arguin and his collaborators 
goes beyond probability theory. In particular, Arguin, Be-
lius, and Harper have applied this approach to probe the 
conjecture of Fyodorov, Hiary, and Keating stating that 
the maxima of the Riemann zeta function on a bounded 
interval of the critical line have statistics similar to branch-
ing Brownian motion. In an earlier work with Aizenman, 
Arguin developed a new approach to a long-standing open 
problem in statistical mechanics now referred to as the 
Parisi ultrametricity conjecture. The conjecture is about 
a large class of interacting particle systems, called spin 
glasses. The ideas of Aizenman and Arguin were central 
to the construction of a rigorous theory of spin glasses, 
notably in the work of Panchenko, who proved the ultra-
metricity conjecture in the most general case in 2012.” 
Arguin received his PhD in mathematics at Princeton 
University in 2007 under the supervision of Michael Aizen-
man. His research interests lie in probability theory and 
its applications to mathematical physics and other fields. 

Arguin told the Notices: “I grew up in Quebec City and 
finished with a masters in physics at the University of 

Montreal. I switched to math during my PhD at Princeton 
because it was the beginning of a very prolific period for 
probability theory. No regrets there as it is a very excit-
ing field now. I left my position in Montreal recently to 
accept a position at CUNY since my wife is a New Yorker. 
I like to run. This is the best way to reboot the brain after 
a day of math.” 

The Aisenstadt Prize recognizes outstanding research 
achievement by a young Canadian mathematician in pure 
or applied mathematics.

 
—From a CRM announcement

Voisin Awarded 
Hopf Prize
Claire Voisin of the Institut 
de Mathématiques de Jussieu, 
Centre National de la Recher-
che Scientifique (CNRS) has been 
awarded the Heinz Hopf Prize by 
ETH Zürich “for her exceptional 
services to mathematics” as “one 
of the world’s leading research-

ers in the field of complex algebraic geometry”. One of 
Voisin's most significant findings has been the solution 
to a fifty-year-old conjecture by Japanese mathematician 
Kunihiko Kodaira, for which she won the Clay Research 
Award in 2008. This conjecture relates to so-called Kähler 
manifolds, which also play a role in physical string theory. 
Kodaira conjectured that it would be possible not only 
to transform two-dimensional Kähler manifolds into an 
algebraic variety but also to do so in higher dimensions. 
Voisin solved the problem by presenting counterexamples 
to the Kodaira conjecture that are not transformations of 
this kind. The prize carries a cash award of 30,000 Swiss 
francs (approximately US$29,500). 

On the personal side, Voisin told the Notices, “I grew 
up in a large family, with three brothers and eight sisters, 

Louis-Pierre Arguin

Claire Voisin
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and I have five children myself, so I like staying alone and 
working alone. I am much indebted to the CNRS for letting 
me work at home, which has made possible and even easy 
taking care of the children, while never stopping doing 
math, sharing all of this with my husband. I am happy 
that life gave me not only professional achievements but 
also a lot of love that I did not really expect from my own 
childhood.” 

 
—From an ETH Zürich announcement

Martirosyan Awarded Emil 
Artin Junior Prize 
Lilit Martirosyan of the University of California San 
Diego has been awarded the 2016 Emil Artin Junior Prize 
in Mathematics for her paper “The representation theory 
of the exceptional Lie superalgebras F (4) and G (3)”, Jour-
nal of Algebra 419 (2014), 167–222. Established in 2001, 
the Emil Artin Junior Prize in Mathematics carries a cash 
award of US$1,000 and is presented usually every year to 
a student or former student of an Armenian educational 
institution under the age of thirty-five for outstanding 
contributions to algebra, geometry, topology, and number 
theory—the fields in which Emil Artin made major contri-
butions. The prize committee consisted of A. Basmajian, 
Y. Movsisyan, and V. Pambuccian. 

 
—Victor Pambuccian, New College, 

Arizona State University

Ullrich Receives 2015 IBC 
Young Researcher Award 
Mario Ullrich of the Institute of Analysis, Johannes 
Kepler University, has been chosen as the recipient of the 
Joseph F. Traub Information-Based Complexity Young Re-
searcher Award for 2015 “for his outstanding work in the 
field of information-based complexity”. The award consists 
of US$1,000 and a plaque. The name of the award has been 
changed to honor Joseph F. Traub, the founder of this prize.  

—Henryk Wozniakowski, Columbia University

Sandeep and 
Munshi Receive 
Bhatnagar Prize
K. Sandeep of the TIRF Centre for 
Applicable Mathematics and Rita-
brata Munshi of the Tata Institute 
of Fundamental Research have been 
awarded the 2015 Shanti Swarup 
Bhatnagar Prize for Science and 

Technology in the mathematical sciences. Sandeep works 
in partial differential equations, variational methods, and 
nonlinear functional analysis. Munshi’s work involves 
number theory. 

Munshi told the Notices: “I grew up in a small town near 
Calcutta (now Kolkata). During my school days my inter-
est shifted from theoretical astrophysics to mathematics, 
especially number theory. After school, I was told that the 
best way to learn mathematics in India would be to join the 
Indian Statistical Institute at Calcutta as an undergraduate 
student in statistics. Indeed, it was one of the very few 
options available to students in mathematics at that time. 
As a senior undergraduate, when the curriculum got more 
focused on practical statistics, I chose to supplement my 
study with periodic visits to the Tata Institute of Funda-
mental Research in Bombay (now Mumbai). During my 
first visit to the Tata Institute I came up with a new proof 
of Hilbert’s Nullstellensatz. It turned out to play a crucial 
role in my career. I passed the undergraduate program 
with a gold medal. In 2001, I joined the graduate school 
of Princeton University as a centennial fellow. My thesis 
advisor was Professor Andrew Wiles. During 2006–2009 I 
was a Hill Assistant Professor at Rutgers University, and 
during 2009–2010 I was a member at the Institute for Ad-
vanced Study, Princeton. I returned to India in 2010 and 
joined the Tata Institute as reader, and I was promoted to 
associate professor in 2013. In August 2015 I took leave 
from the Tata Institute to join my alma mater, Indian Sta-
tistical Institute, as a full professor. Presently I am also a 
SwarnaJayanti Fellow of the Department of Science and 
Technology, Government of India. I am also the recipient 
of the B M Birla Science Prize for the year 2013.” 

The Shanti Swarup Bhatnagar Prize is awarded by the 
Council of Scientific Research and Industrial Develop-
ment to recognize outstanding Indian work in science and 
technology. Shanti Swarup Bhatnagar was the founding 
director of the Council. It is the highest award for science 
in India. The prize carries a cash award of 500,000 rupees 
(approximately US$7,500). 

 
—Council of Scientific Research and Industrial 

Development, India

Infosys Prize 
Awarded
Mahan Mj of the Tata Institute 
of Fundamental Research has 
been awarded the 2015 Infosys 
Prize in mathematical sciences by 
the Infosys Science Foundation. 
He was honored “for his out-
standing contributions to geo-
metric group theory, low-dimen-
sional topology, and complex 

geometry”, in particular for work that “established a 
central conjecture in the Thurston program to study hy-
perbolic 3-manifolds and introduced important new tools Ritabrata Munshi

Mahan Mj
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About the Cover
Above the lighted nighttime Seattle skyline float the 
images of some of the JMM Invited Speakers who 
have contributed to our 2016 Joint Mathematics 
Meetings Lecture Sampler (page 7). 

Thanks to Daniel Alan Spielman, Kristin Estella 
Lauter, Tanya A. Moore, Tatiana Toro, Marta Lewicka, 
Panagiota Daskalopoulos, Mohammad Reza Pakzad, 
Karen E. Smith, Steve Zelditch, Alex Eskin, Teresa 
Levy, Katharine Merow, Bill Casselman, and iStock 
Photo for contributions to this cover.

 
—Frank Morgan

Editor-in-Chief
Frank.Morgan@williams.edu

to study fundamental groups of complex manifolds”. The 
prizewinners are selected based on significant progress 
showcased in their chosen spheres, as well as for the im-
pact their research will have on the specific field. Mahan 
Mj told the Notices that, in addition to his mathematical 
life, he is “a monk with no particular (organized) religious 
affiliation”. 

 
—From an Infosys Science Foundation announcement

2015 Prix la Recherche
Bertrand Deroin, Ecole Normale Supérieure, Chris-
tophe Dupont, Université de Rennes, and Victor Klept-
syn, Université de Rennes, have been awarded the 2015 
Prix la Recherche for their use of innovative methods to 
study differential equations. The research prizes, given by 
the French magazine La Recherche, honor the best scien-
tific work conducted in France during the preceding year. 

 
—From a La Recherche announcement

Golden Goose Awards
Joel E. Cohen, a mathematical population biologist at 
Rockefeller University, and Christopher Small, a geo-
physicist at Columbia University’s Lamont-Doherty Earth 
Observatory, have been awarded a 2015 Golden Goose 
Award for their research into “hypsographic demogra-
phy”—the study of how human populations are distrib-
uted with respect to altitude. The Golden Goose Awards, 
of which the AMS is a sponsor, recognizes seemingly 
obscure federally-funded research that has led to major 
breakthroughs resulting in significant societal impact. The 
awards have strong bipartisan congressional support and 
are awarded each year at a ceremony in Washington, DC. 

 
—Golden Goose Steering Committee

Rhodes Scholars Announced 
The Rhodes Trust has selected thirty-two US scholars as 
Rhodes Scholars for 2016. Rhodes Scholarships provide 
all expenses for two or three years of study at the Univer-
sity of Oxford in England and may allow funding in some 
instances for four years. They were created in 1902 by the 
will of Cecil Rhodes, British philanthropist and African 
colonial pioneer, and are provided in partnership with the 
Second Century Founder, John McCall MacBain, and other 
generous benefactors. 

Grace E. Huckins, Weston, Massachusetts, is a Harvard 
senior concentrating in neurobiology and physics. Her 
passion is computational and theoretical neuroscience. 
She hopes to uncover the mathematics that governs the 
networks of neurons that make up the brain, and particu-
larly those that create the thought and feelings that dif-
ferentiate human beings from other animals. She has done 

research in neuroscience in the United States, Japan, and 
France. She is also the Arts Chair of the Harvard Crimson 
and was the president of the Radcliffe Union of Students. 
She has qualified several times for US National and Junior 
Olympic fencing championships. She plans to pursue a 
DPhil in neuroscience at Oxford. 

Megan G. Musilli, El Dorado Hills, California, is a se-
nior at the US Naval Academy, where she majors in math-
ematics and is training to become a physician in the Navy. 
Her research spans the study of traumatic brain injury and 
MRI-scanning techniques at Walter Reed National Military 
Medical Center, satellite tracking at Lawrence Livermore 
National Laboratory, and the concept of genetic algorithms 
and state machines in data compression at the Naval Acad-
emy. She has served as squad leader, platoon commander, 
and regimental commander at the Naval Academy. She 
earned a scholarship to study abroad at Koç University in 
Istanbul, Turkey, and served in medical and surgical clinics 
on the US Navy hospital ship Comfort in a 2015 humani-
tarian deployment to Panama and El Salvador. Her varsity 
women’s crew team won the Division I Patriot League 
Championships and participated in the NCAA Women’s 
National Rowing Championships. Megan plans to pursue 
the MSc in medical anthropology at Oxford. 

Ashley E. Orr, Columbiana, Ohio, is a senior at 
Youngstown State University, where she is in the Univer-
sity Scholars Program in the Honors College and majors 
in mathematics and economics. She is president of the 
YSU Student Government Association, cofounder of a 
poverty awareness program in the city of Youngstown, 
and extraordinarily active with a wide range of volunteer 
services in her community. She has studied at the London 
School of Economics, has worked at the Federal Reserve 
Bank in Cleveland, and has done research projects focused 
on public housing, crime, and on poverty generally. She is 
the first Rhodes Scholar to be elected from Youngstown 
State University. She plans to pursue the MPhil in econom-
ics at Oxford. 

Evan J. Soltas, Rumson, New Jersey, is a senior at 
Princeton University, where he majors in economics. While 
still in high school, his economic blogging led to his be-
coming a regular contributing writer to both "Bloomberg 
News" and the Washington Post, where he prepared the 
daily Wonkbook newsletter. His continued passion for 
economics led him to study and continue to write exten-
sively on economic issues, including an in-depth study 
of the impact of food stamp benefits in reducing hunger 
in impoverished households. He is team president of 
Princeton’s Federal Reserve Challenge and led the team 
to a second-place finish nationally in The College Fed 
Challenge competition at the Federal Reserve Board of 
Governors, Washington, DC. At Oxford, he will pursue an 
MSc in applied statistics, followed by an MSc of research 
in statistics. 

 
—From a Rhodes Trust announcement
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amsfellows@ams.org to inquire about the Fellows of 
the AMS.

amsmem@ams.org to request information about mem-
bership in the AMS and about dues payments or to ask 
any general membership questions; may also be used to 
submit address changes.

ams-simons@ams.org for information about the AMS 
Simons Travel Grants Program.

ams-survey@ams.org for information or questions 
about the Annual Survey of the Mathematical Sciences or 
to request reprints of survey reports.

bookstore@ams.org for inquiries related to the online 
AMS Bookstore.

captions@ams.org to submit entries for the Back Page 
Caption Contest in the Notices.

classads@ams.org to submit classified advertising for 
the Notices.

cust-serv@ams.org for general information about AMS 
products (including electronic products), to send address 
changes, or to conduct any general correspondence with 
the Society’s Sales, Marketing & Member Services Depart-
ment.

development@ams.org for information about chari-
table giving to the AMS.

eims-info@ams.org to request information about Em-
ployment Information in the Mathematical Sciences (EIMS). 
For ad rates and to submit ads go to eims.ams.org.

emp-info@ams.org for information regarding AMS 
employment and career services.

eprod-support@ams.org for technical questions re-
garding AMS electronic products and services.

gradprg-ad@ams.org to inquire about a listing or ad in 
the Find Graduate Programs online service.

mathjobs@ams.org for questions about the online job 
application service Mathjobs.org.

mathprograms@ams.org for questions about the 
online program application service Mathprograms.org.

mathrev@ams.org to send correspondence to Math-
ematical Reviews related to reviews or other editorial 
questions.

meet@ams.org to request general information about 
Society meetings and conferences.

mmsb@ams.org for information or questions about 
registration and housing for the Joint Mathematics Meet-
ings (Mathematics Meetings Service Bureau).

mr-exec@ams.org to contact the Executive Editor of 
Mathematical Reviews regarding editorial and related 
questions. 

From the AMS Public 
Awareness Office

The AMS was part of the 2015 SACNAS National Confer-
ence, which was held in Washington, DC. 

See photo slide shows and a report on mathematics at 
the conference, including the Undergraduate Student Post-
ers in Mathematics and Conversations with Scientists, at 
www.ams.org/meetings/sacnas2015-mtg.

 
—Annette Emerson and Mike Breen

AMS Public Awareness Officers
paoffice@ams.org 

AMS Email Support for 
Frequently Asked Questions
A number of email addresses have been established for 
contacting the AMS staff regarding frequently asked ques-
tions. The following is a list of those addresses together 
with a description of the types of inquiries that should be 
made through each address.

abs-coord@ams.org for questions regarding a particu-
lar abstract or abstracts questions in general.

acquisitions@ams.org to contact the AMS Acquisitions 
Department.

ams@ams.org to contact AMS Headquarters in Provi-
dence, Rhode Island.

amsdc@ams.org to contact the Society’s office in 
Washington, D.C.

Mathematics at the 2015 SACNAS National Conference.

http://www.ams.org/meetings/sacnas2015-mtg
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mr-librarian@ams.org to contact Mathematical Reviews 
regarding the acquisition and cataloging of the mathemati-
cal literature indexed in MathSciNet®. 

msn-support@ams.org for technical questions regard-
ing MathSciNet®.

notices@ams.org to send correspondence to the man-
aging editor of the Notices.

notices-ads@ams.org to submit electronically paid 
display ads for the Notices.

notices-booklist@ams.org to submit suggestions for 
books to be included in the “Bookshelf” section of the 
Notices.

notices-letters@ams.org to submit letters and opinion 
pieces to the Notices.

notices-whatis@ams.org to comment on or send sug-
gestions for topics for the “WHAT IS…?” column in the 
Notices.

noti-backpage@ams.org to submit original short amus-
ing stories, math-related humor, cartoons, and ideas to the 
Back Page of the Notices

noti-gradsec@ams.org to submit ideas to the Graduate 
Student Section of the Notices

nsagrants@ams.org for information about the NSA-
AMS Mathematical Sciences Program.

paoffice@ams.org to contact the AMS Public Aware-
ness Office.

president@ams.org to contact the AMS president.
prof-serv@ams.org to send correspondence about AMS 

professional programs and services.
promorequests@ams.org to request AMS giveaway 

materials such as posters, brochures, and catalogs for use 
at mathematical conferences, exhibits, and workshops.

publications@ams.org to send correspondence to the 
AMS Publication Division.

pub-submit@ams.org to submit accepted electronic 
manuscripts to AMS publications (other than Abstracts). 
See www.ams.org/submit-book-journal to electroni-
cally submit accepted manuscripts to the AMS book and 
journal programs.

reprint-permission@ams.org to request permission to 
reprint material from Society publications.

reviewcopies@ams.org to request a book for review.
royalties@ams.org for AMS authors to direct questions 

about royalty payments.
sales@ams.org to inquire about reselling or distributing 

AMS publications or to send correspondence to the AMS 
Sales, Marketing & Member Services Department.

secretary@ams.org to contact the AMS secretary.
student-serv@ams.org for questions about AMS pro-

grams and services for students.
tech-support@ams.org to contact the Society’s typeset-

ting Technical Support Group.
textbooks@ams.org to request examination copies 

or inquire about using AMS publications as course texts.
webmaster@ams.org for general information or for 

assistance in accessing and using the AMS website.

Death of AMS Members
Robert B. Ash, professor, University of Illinois, died on 
April 14, 2015. Born on May 20, 1935, he was a member 
of the Society for 51 years.

Gary A. Bogar, professor, Montana State University, 
died on November 8, 2013. Born on September 24, 1938, 
he was a member of the Society for 44 years. 

Ervin Eltze, of Kansas, died on February 6, 2015. Born 
on May 9, 1938, he was a member of the Society for 45 
years. 

Bernard A. Fleishman, professor, Rensselaer Poly-
technic Institute, died on April 6, 2013. Born on June 16, 
1925, he was a member of the Society for 59 years.

Roger H. Geeslin, of Kentucky, died on March 3, 2015. 
Born on May 24, 1931, he was a member of the Society 
for 63 years.

Philip J. Higgins, of the United Kingdom, died on 
March 25, 2015. Born on July 13, 1926, he was a member 
of the Society for 56 years.

Wilhelm P. A. Klingenberg, professor, University of 
Bonn, died on October 14, 2010. Born on January 28, 1924, 
he was a member of the Society for 53 years.

Gordon D. Mock, of Illinois, died on December 21, 
2014. Born on October 21, 1927, he was a member of the 
Society for 55 years. 

W. Keith Moore, of Michigan, died on July 26, 2014. 
Born on February 11, 1923, he was a member of the Society 
for 66 years.

Henry Teicher, of New Jersey, died on November 
12, 2014. Born on July 9, 1922, he was a member of the 
Society for 49 years.

 Colleen J. Theusch, of Ohio, died on December 11, 
2014. Born on December 18, 1932, she was a member of 
the Society for 43 years. 

Harvey J. Schmidt Jr., of Oregon, died on Febru- 
ary 28, 2015. Born on June 20, 1941, he was a member of 
the Society for 49 years.

Lawrence Neff Stout, professor, Illinois Wesleyan 
University, died on October 19, 2012. Born on May 2, 1948, 
he was a member of the Society for 39 years.

http://www.ams.org/submit-book-journal
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NSF Mathematical Sciences 
Innovation Incubator
The Division of Mathematical Sciences of the National 

Science Foundation sponsors the Mathematical Sciences 

Innovation Incubator to provide funding to support the 

involvement of mathematical scientists in new interdisci-

plinary research collaborations in areas of high national 

priority. Areas include advanced manufacturing and in-

dustries of the future; clean energy; earth observations; 

global climate change; information technology research 

and development; innovation in life sciences, biology, 

and neuroscience; and research and development for in-

formed policy-making and management. See www.nsf.gov/

funding/pgm_summ.jsp?pims_id=505044&org=DMS

—From an NSF announcement

.

Call for Applications for the 
Fourth Heidelberg Laureate 
Forum 
The Heidelberg Laureate Forum Foundation (HLFF) will hold 
its fourth forum September 18–23, 2016, bringing together 
winners of the Abel Prize and the Fields Medal, both in 
mathematics, as well as the Turing Award and the Nevan-
linna Prize, both in computer science. Young researchers 
from these fields interested in attending should submit ap-
plications online at https://application.heidelberg- 
laureate-forum.org by February 3, 2016; see www. 
heidelberg-laureate-forum.org/ for more information.  

—From an HLFF announcement

Call for Nominations for 2016 
Prize in Information-Based 
Complexity
This annual prize is for outstanding achievement in 
information-based complexity, which can be based on 
work done in a single year, a number of years, or over a 
lifetime. Nominations should be sent to Henryk Woznia-
kowski at onk62@hydra.mimuw.edu.pl by March 31, 2016. 

—Henryk Wozniakowski, Columbia University

*The most up-to-date listing of NSF funding opportunities from 
the Division of Mathematical Sciences can be found online at: 
www.nsf.gov/dms and for the Directorate of Education and 
Human Resources at www.nsf.gov/dir/index.jsp?org=ehr.   
To receive periodic updates, subscribe to the DMSNEWS listserv by 
following the directions at www.nsf.gov/mps/dms/about.jsp. 

http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505044&org=DMS
http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505044&org=DMS
http://www.nsf.gov/dir/index.jsp?org=ehr
http://www.nsf.gov/dms
http://www.nsf.gov/mps/dms/about.jsp
https://application.heidelberg-laureate-forum.org
https://application.heidelberg-laureate-forum.org
http://www.heidelberg-laureate-forum.org/
heidelberg-laureate-forum.org/


Mathematics Calendar
This section contains new announcements of worldwide
meetings and conferences of interest to the mathematical
public, including ad hoc, local, or regional meetings, and
meetings and symposia devoted to specialized topics, as
well as announcements of regularly scheduled meetings of
national or international mathematical organizations. New
announcements only are published in the print Mathematics
Calendar featured in each Notices issue.
An announcement will be published in the Notices if it
contains a call for papers and specifies the place, date,
subject (when applicable), and the speakers. A second an-
nouncement will be published only if there are changes or
necessary additional information. Asterisks (*) mark those
announcements containing revised information.
In general, print announcements of meetings and confer-
ences carry only the date, title of meeting, place of meeting,
names of speakers (or sometimes a brief statement on the
program), deadlines for abstracts or contributed papers,
and source of further information. If there is any applica-
tion deadline with respect to participation in the meeting,
this fact should also be noted.
The complete listing of the Mathematics Calendar is available
at: www.ams.org/meetings/calendar/mathcal
All submissions to the Mathematics Calendar should
be done online via: www.ams.org/cgi-bin/mathcal/
mathcal-submit.pl
Any questions or difficulties may be directed to mathcal@
ams.org.

January 2016

18 – 22 Expository Quantum Lecture Series 8 (EQuaLS 8)
Location: Institute for Mathematical Research, Universiti Putra
Malaysia
EQuaLS is the acronym for the “Expository Quantum Lec-
ture Series”, a lecture series hosted by the Institute for
Mathematical Research (INSPEM) at Universiti Putra Malaysia
(UPM). A primary objective of the lecture series is to expose
and update researchers and students, especially those from
Malaysia, with the latest developments in quantum sciences,
mathematical physics and other related areas.
URL: einspem.upm.edu.my/equals8/

25 – 29 IMA Annual Program Workshop: Optimization and
Parsimonious Modeling
Location: IMA, University of Minnesota, Minneapolis, MN
Parsimony has been a central concept in statistical modeling
and system identification. Model complexity is often cap-
tured by rank, sparsity, or other structural indicators. For
modest-size problems, it is often possible to obtain globally
optimal solutions. In recent years, a rather rich mathematical
framework has emerged that allows computationally effi-
cient treatment for a variety of such large-scale problems.
Key among those are compressive sensing and techniques
based on convex relaxation. The theme of this workshop is
to encourage interaction between researchers with statisti-
cal modeling and optimization backgrounds. Mathematical

subjects that are pertinent include functional analysis, con-
vex optimization, high-dimensional geometry, statistics and
probability theory.
URL: www.ima.umn.edu/2015-2016/W1.25-29.16

28 – 30 Conference to the Memory of Anatoly Alekseevitch
Karatsuba on Number Theory and Applications
Location: Steklov Mathematical Institute of Russian Academy
of Sciences and Department of Mechanics and Mathematics of
Lomonosov Moscow State University, Moscow, Russia
The aim of yearly “Conference to theMemory of Anatoly Alek-
seevitch Karatsuba on Number theory and Applications” is
presentation of some new and important results in different
branches of number theory: analytical number theory, dio-
phantine approximations, computational aspects of number
theory and in applications of number-theoretic methods to
other branches of mathematics and other sciences. Another
aim of the Conference is the exchange of new ideas and
insight with new tendencies in the development of number
theory, especially in its fields which are connected with
researches and discoveries of A. A. Karatsuba.
URL: www.mathnet.ru/php/conference.phtml?confid=
773&option_lang=eng

March 2016

3 – 6 The First International Symposium on Computational
Mathematics & Engineering Sciences
Location: Faculté des Sciences et Techniques Errachidia. Uni-
vrsité Moulay Ismail
This event aims to stimulate interactions between researchers
in the field of computational mathematics and their applica-
tions in science and engineering, to present the development
reached in this areas, and to showcase the computational
expertise of our invited speakers and participants.
URL: cmes.olympe.in

10 – 13 Gone Fishing 2016, AWorkshop on Poisson Geometry
Location: University of Colorado at Boulder, USA
This is the fifth meeting of the annual Gone Fishing event in
North America, for the presentation and discussion of new
ideas and results in Poisson geometry.
URL: math.colorado.edu/gonefishing2016/

14 – 18 IMAAnnual ProgramWorkshop: ComputationalMeth-
ods for Control of Infinite-dimensional Systems
Location: IMA Annual Program Workshop: Computational
Methods for Control of Infinite-dimensional Systems
There are many challenges and research opportunities
associated with developing and deploying computational
methodologies for problems of control for systems modeled
by partial differential equations and delay equations. The
state of these systems lies in an infinite-dimensional space,
but finite-dimensional approximations must be used. Fun-
damental issues in applied and computational mathematics
are essential to the development of practical computational
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algorithms. The focus will be on applications, physics-based
modeling, numerical methods, sensor/actuator location and
optimal control. Although computation and optimization
are the key themes that tie the areas together, topics in
infinite-dimensional systems theory will be discussed since
these are the foundation for all the topics.
URL: www.ima.umn.edu/2015-2016/W3.14-18.16/

18 – 22 Nirenberg Lectures in Geometric Analysis at the CRM:
Gunther Uhlmann (University of Washington)
Location: Centre de recherches mathématiques Université de
Montréal Pavillon André-Aisenstadt 2920, Chemin de la tour,
5th floor Montréal (Québec) H3T 1J4
Gunther Uhlmann (University of Washington) will give three
lectures: Harry Potter’s Cloak via Transformation Optics,
Journey to the Center of the Earth, and Seeing Through
Space-Time.
URL: www.crm.umontreal.ca/Nirenberg2016

21 – 24 The Fifth International Conference on Mathematical
Sciences, ICM2016
Location: UAE University, Al-Ain, United Arab Emirates
The Department of Mathematical Sciences at the United
Arab Emirates University is holding the Fifth International
Conference on Mathematical Sciences, ICM2016. The con-
ference will cover the following topics (but not limited):
Algebra,Applied Mathematics, Discrete Mathematics, Finite
Mathematics, Fractals, Geometry, History of Mathematics,
Logic, Analysis, Number Theory, Numerical Analysis, Topol-
ogy, Computational Mathematics, Cross-disciplinary areas
of Mathematics, Mathematical Modeling in Environmental
Sciences, Biomathematics.
URL: conferences.uaeu.ac.ae/icm/en/index.shtml

21 – 25 ConferenceDedicated to the Scientific Legacy ofMarcel
Paul Schützenberger
Location: Universitè de Bordeaux, Talence, France
Marcel-Paul Schutzenberger passed away nearly twenty years
ago. He has left a considerable legacy in mathematics and
computer science. His former students are organizing a
meeting in Bordeaux to honor his memory. The presentations
will concern several different aspects of his contribution in
combinatorics, automata and formal languages, but also in
linguistics and biology.
URL: mps2016.labri.fr/index_en.html

27 – 28 5th International Conference on Computer Science,
Information SystemandCommunication Technology (ICCSISCT
2016)
Location: Hotel Grace, Sydney, Australia
5th ICCSISCT 2016 is to provide a platform for researchers,
engineers, academicians as well as industrial professionals
from all over the world to present their research results and
development activities in computer engineering, information
science and communications.
URL: www.iccsisct.iisrcgroup.org

27 – 28 5th International Conference on Human Computing,
Education and Information Management System (ICHCEIMS
2016)
Location: The Grace Hotel, Sydney, Australia

5th ICHCEIMS 2016 is designed to bring together, researchers
active in the two fields (and related sub-fields) to foster an
environment conducive to exchanging ideas, information and
research.
URL: www.ichceims.iisrcgroup.org

29 – April 2 Past and Future Directions in Hypercomplex
and Harmonic Analysis---Celebrating Frank Sommen's Sixtieth
Birthday
Location: Universidade de Aveiro, Aveiro, Portugal
The International Conference Past and Future Directions in
Hypercomplex and Harmonic Analysis—Celebrating Frank
Sommen’s Sixtieth birthday to be held on March 29–April
2, 2016 will bring together experts in harmonic, complex
and Clifford analysis. The objective is to celebrate Frank
Sommen’s work, in particular, his fundamental contributions
in higher-dimensional function theories, i.e., the theory of
functions belonging to the kernel of the Laplacian, Cauchy-
Riemann, or Dirac operators as well as higher spin operators.
Applications of these function theories to mathematical
physics, signal and image processing, operator theory and
other areas of Applied Mathematics will also be topics of
interest. Furthermore, talks in related areas like harmonic
analysis, differential and integral geometry are also welcome.
URL: sweet.ua.pt/ukaehler/Complex2016/Workshop_
FS/Webpage/Home.html

April 2016

11 – 15 AIMWorkshop: Mixing and Nonlinear Stability
Location: American Institute of Mathematics, San Jose, CA
This workshop, sponsored by AIM and the NSF, will be
devoted to expanding the mathematical analysis of mixing
phenomena arising in fluid mechanics and kinetic theory
as well as increasing communication between the different
communities working in the field.
URL:
aimath.org/workshops/upcoming/nonlinstability

11 – 15 IMA Annual Program Workshop: Quantum and Nano
Control
Location: IMA, University of Minnesota, Minneapolis, MN
Control and information processing at the realm of the
quantum is a relatively recent endeavor. The mathematics
that describe quantum dynamics and processes is only
beginning to mesh with the technology of systems at the
atomic and nanoscale. Indeed, new capabilities of probing
and manipulating matter at the atomic and subatomic scale
with unparalleled temporal resolution are the enablers of
dramatic advances. The workshop aims to bring together
scientists, engineers, and mathematicians to identify new
challenges and the tools to address them.
URL: www.ima.umn.edu/2015-2016/W4.11-15.16/

14 – 15 International Conference on Advanced in Computing
System and E-Learning Technologies ( ICACSET 2016 )
Location: Hotel Changi Village, Singapore
ICACSET 2016 aims is to bring together leading academic
scientists, researchers and scholars to exchange and share
their experiences and research results about all aspects of
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Internet Information Systems and Technologies, and dis-
cuss the practical challenges encountered and the solutions
adopted.
URL: www.icacset.iisrcgroup.org

14 – 15 International Conference on Internet of Things and
Cloud Computing Technologies ( ICITCCT 2016 )
Location: The Holiday Inn Express Hotel, Singapore
ICITCCT 2016—Singapore is the forum to offer a meeting
point for professionals and researchers from industry and
academia to present and discuss recent advances in the field
of Internet of things and cloud computing Technologies.
URL: www.icitcct.iisrcgroup.org

14 – 17 Underrepresented Students in Topology and Algebra
Research Symposium (USTARS)
Location: Sam Houston State University, Huntsville, TX
The primary mission of the Underrepresented Students in
Topology and Algebra Research Symposium (USTARS) is to
showcase the excellent research conducted by underrepre-
sented students studying topology and algebra.
URL: www.ustars.org

17 – 18 5th International Conference on e-Learning and Knowl-
edge Management Technology ( ICEKMT 2016 )
Location: The Hotel Corus, Kuala Lumpur, Malaysia
5th ICEKMT 2016 Conference is to Present recent scientific
research in the field of e-Learning and its impact on per-
formance, to Promote e-learning that inspires engagement
and professional performance, to Explore pedagogical learn-
ing models to transfer e-learning to practical contexts, to
Highlight the importance of cultural and ethical frameworks
for e-learning applications and practices, to Shed light on
the role of e-learning environments to stimulate participa-
tion and professional performance and Showcase successful
e-learning experiences designed to improve learning and
ensure quality.
URL: www.icekmt.iisrcgroup.org

17 – 18 International Conference on Information Technology,
E-Government and applications ( ICITEA 2016 )
Location: Corus Hotel, Kuala Lumpur, Malaysia
ICITEA 2016 is designed to provide a common platform to
the experts and delegates to share their experiences, research
ideas and discuss various related issues and challenges.
URL: www.icitea.iisrcgroup.org

21 – 22 International Conference on Advanced Trends in E-
Learning System and Computer Applications (ICATESCA 2016)
Location: Bangkok, Thailand
ICATESCA 2016 conference brings together varied groups of
people with different perspectives, experiences and knowl-
edge in one location. It aims to help practitioners find
ways of putting research into practice and researchers to
gain an understanding of real-world problems, needs and
aspirations.
URL: www.icatesca.iisrcgroup.org

21 – 22 International Conference on Educational Technology
with Information Systems. (ICETIS-2016)
Location: Bangkok, Thailand

ICETIS-2016 is to provide an international forum for exchange
of ideas among interested researchers, students, developers,
and practitioners in the areas of Educational technology with
Information system
URL: www.icetis.iisrcgroup.org

23 – 23 11th Annual Spuyten Duyvil UndergraduateMathemat-
ics Conference
Location: State University of New York at New Paltz, New Paltz,
New York, USA
The primary goal of the conference is to offer undergraduate
student the opportunity to attend and actively participate
in a professional mathematics meeting and to discuss math-
ematics with their peers. Attendees may apply to give a
fifteen-minute talk or submit a poster.
URL: www.newpaltz.edu/sdumc-2016/

25 – 26 International Conference on Electrical, Electronic and
Computer Engineering Technologies (ICEECET 2016)
Location: Shanghai, China
ICEECET 2016 is to present the latest research and results of
scientists working in the fields related to Electrical Engineer-
ing, Electronic and Computer Engineering Technology.
URL: www.iceecet.iisrcgroup.org

25 – 28 Marrakesh International Conference on Probability and
Statistics (MICPS-2016)
Location: Cadi Ayyad University, Marrakesh, Morocco
Cadi Ayyad University and the Moroccan Association of Prob-
ability and Statistics organize the third edition of “Marrakesh
International Conference on Probability and Statistics (MICPS-
2016)”. This edition will be held in Marrakesh from April
25–28, 2016. The conference provides a platform to exchange
experience on far-reaching issues such as Stochastic Anal-
ysis Financial Mathematics Parametric and Non-Parametric
Statistics Biostatistics Functional Statistics.
URL: micps2016.uca.ma/

27 – 28 International Conference on Innovation of Computing
and Engineering Technology (ICICET-2016)
Location: Beijing, China
ICICET 2016 is designed to provide a common platform to
the experts and delegates to share their experiences, research
ideas and discuss various related issues and challenges.
URL: www.icicet.iisrcgroup.org

27 – 29 Numerical Analysis and Optimization Days (JANO11)
Location: Faculté des sciences et techniques, Béni-Mellal, Mo-
rocco
On behalf of the organizing committee we are pleased to
inform you that the eleventh international conference “Nu-
merical Analysis and Optimization Days (JANO11)” will be
held during April 27–29, 2016 in the Faculty of Sciences and
Techniques of Beni Mellal Morocco. The main aim of this
scientific meeting is to put together researchers of differ-
ent areas of Applied Mathematics, in particular Numerical
Analysis and Optimization, to give them the opportunity of
discussing, in a friendly atmosphere, recent developments.
This edition of the meeting follows ten previous editions
held, at different place of Moroccan universities.
URL: www.fstbm.ac.ma/jano11
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29 – 30 International Conference on Interdisciplinary of Busi-
ness, E-Commerce and Informative Management (ICIBEIM
2016)
Location: Hong Kong
ICIBEIM 2016 will provide an excellent international forum
for sharing knowledge and results in theory, methodology
and applications of Business, E-Commerce and Informative
Management.
URL: www.icibeim.iisrcgroup.org

29 – 30 International Conference on Information System, Engi-
neering and Management Science (ICISEMS 2016)
Location: Hong Kong
ICISEMS 2016 focus on the newly scientific discovery and
implementation in all relevant aspects of information tech-
nologies, and information systems and management, which
enables an enterprise to improve the management and
efficiency of its resources, including capital, people, and
information systems, to support the achievement of its
business vision
URL: www.icisems.iisrcgroup.org

May 2016

09 – 13 Applications and New Frontiers for the Finite Element
Method
Location: Université Laval, Québec
Organizers: Jean Deteix (Laval), Miguel A. Fernández (INRIA
& UPMC), André Fortin (Laval), José Urquiza (Laval), André
Garon (Polytechnique Montréal)
URL: www.crm.math.ca/Computational2016/

9 – 13 IMAAnnual ProgramWorkshop: Control at Large Scales:
Energy Markets and Responsive Grids
Location: IMA, University of Minnesota, Minneapolis, MN
The control of power networks through physical means,
as well as through regulation and price mechanisms that
incentivize distributed decision-making, present tremendous
challenges that may significantly impact the economy, the
well-being of nations, and the world as a whole. Grids
are loosely-coupled, dynamically interconnected domains
with communication, computation, and control functions at
multiple temporal and spatial scales. Anticipated societal
benefits include mitigation of climate change and improved
energy security. Consumers, markets, and regulators acting
as participants and stakeholders exacerbate the challenge.
It is expected that in coming years the mathematics of
stochastic control will be more central in providing insights
into system-level, architectural, and policy issues.
URL: www.ima.umn.edu/2015-2016/W5.9-13.16/

9 – 27 New Directions in Combinatorics
Location: Institute for Mathematical Sciences, National Univer-
sity of Singapore
The main focus of our program is on the areas of Design
Theory andAdditive Combinatorics. Design Theory originally
deals with problems of arranging objects according to certain
rules. In recent years, it has found important applications in
Computer Science, Statistics, and Digital Communication. In
particular, there is a wide variety of applications of Designs
Theory in Coding and Cryptography. Additive Combinatorics

is an area connecting Additive Number Theory and Combina-
torics, which has experienced tremendous growth over the
past decade. In particular, methods from Combinatorics have
been used successfully to attack deep problems in Number
Theory. The aim of the program is to bring together academic
researchers in Design Theory and Additive Combinatorics to
explore new techniques and problems that related these two
areas.
URL: www2.ims.nus.edu.sg/prognsem.php

11 – 12 2nd International Conference on Internet, E-Learning
and Educational Technology (ICIEET 2016)
Location: Dubai, UAE
2nd ICIEET2016 is research conference aims to bring together
topresearchersaroundtheworld toexchange researchresults
and address open issues in all aspects of E-Learning, Internet
and Educational Technology.
URL: www.icieet.iisrcgroup.org

14 – 15 International Conference on E-Education System and
Learning Technologies (ICEESLT 2016)
Location: Abu Dhabi, UAE
ICEESLT 2016 is designed to provide a common platform to
the experts and delegates to share their experiences, research
ideas and discuss various related issues and challenges.
URL: www.iceeslt.iisrcgroup.org

16 – 19 Operators, Operator Families and Asymptotics
Location: University of Bath, Bath, United Kingdom
The conference will make an overview of the state of the
art in applications of operator theory to the asymptotic
analysis of parameter-dependent differential equations and
boundary-value problems.
URL: people.bath.ac.uk/kc525/

16 – 19 Resource Trade-offs: Computation, Communication,
and Information
Location: IMA, University of Minnesota, Minneapolis, MN
Large-scale machine learning and data analysis is charac-
terized by a significant consumption of computational and
statistical resources, which are often influenced by various
constraints, such as maintaining data privacy, exhibiting
robustness to outliers and noise, and tackling partial ac-
cess to the data. The workshop’s goal is to bring together
experts with diverse backgrounds whose work pertains to
these questions and to exchange ideas while identifying new
research opportunities.
URL: www.ima.umn.edu/2015-2016/SW5.16-19.16/

16 – 20 New Challenges for the Calculus of Variations Stem-
ming From Problems in the Materials Sciences and Image
Processing---In Honour of the 60th Birthday of Irene Fonseca
Location: Centre de recherches mathématiques Université de
Montréal Pavillon André-Aisenstadt 2920, Chemin de la tour,
5th floor Montréal (Québec) H3T 1J4
Much work in the contemporary calculus of variations is
directly driven by current problems in materials sciences
and computer vision. In addition, variational approaches
to these problems have proven very fruitful, for example,
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in rigorously deriving reduced models that can be readily
addressed computationally.
URL: www.crm.umontreal.ca/2016/Fonseca16/index_
e.php

17 – 19 Mathematical Physics Days in Hagen 2016
Location: Fern Universitat, Hagen, Germany
An international conference on mathematical physics with
topics including: Spectral theory of (random) Schrödinger
operators, Anderson localization and delocalization, Disor-
dered systems of statistical physics. The conference dinner
will celebrate the contributions of Professor Dr. Werner
Kirsch on the occasion of his sixtieth birthday.
URL: www.fernuni-hagen.de/mathphysdays2016/

17 – 19 Mathematical Physics Days in Hagen 2016
Location: Fern Universitat, Hagen, Germany
An international conference on mathematical physics with
topics including: Spectral theory of (random) Schrödinger
operators, Anderson localization and delocalization, Disor-
dered systems of statistical physics. The conference dinner
will celebrate the contributions of Prof. Dr. Werner Kirsch on
the occasion of his 60th birthday.
URL: www.fernuni-hagen.de/mathphysdays2016/

19 – 20 3rd International Conference onAdvanced inComputer,
Electrical and Electronic Engineering (ICACEEE 2016)
Location: San Francisco, CA, USA
ICACEEE 2016 is to provide an international forum for
exchange of ideas among interested researchers, students,
developers, and practitioners in the areas of computing,
communications, and informatics.
URL: www.icaceee.iisrcgroup.org

22 – 23 3rd International Conference onComputing , E-Learning
and Emerging Technology (ICCEET 2016)
Location: Dallas, TX, USA
3rd ICCEET 2016 is an international refereed conference
dedicated to the advancement of the theory and prac-
tices in education. The ICCEET 2016 promotes collaborative
excellence between academicians and professionals from
Education.
URL: www.icceet.iisrcgroup.org

23 – 26 9th Chaotic Modeling and Simulation International
Conference
Location: Senate House, University of London, UK
The CHAOS2016 Conference Poster is available at:
www.cmsim.org/images/Poster_CHAOS2016.pdf. The
general topics and the special sessions proposed for the Con-
ference include but are not limited to: Chaos and Nonlinear
Dynamics, Stochastic Chaos, Chemical Chaos, Data Analysis
and Chaos, Hydrodynamics, Turbulence and Plasmas, Optics
and Chaos, Chaotic Oscillations and Circuits, Chaos in
Climate Dynamics, Geophysical Flows, Biology and Chaos,
Neurophysiology and Chaos, Hamiltonian Systems, Chaos
in Astronomy and Astrophysics, Chaos and Solitons, Micro-
and Nano-Electro-Mechanical Systems, Neural Networks
and Chaos, Ecology and Economy. The publications of the
conference include: 1. The Book of Abstracts in Electronic
and in Paper form 2. Electronic Proceedings on the Web in a
permanent website 3. Publication in the Journal of “Chaotic

Modeling and Simulation (CMSIM).” 4. Book Publications
devoted to CHAOS2016 International Conference
URL: www.cmsim.org

24 – 27 Algebraic Groups, Quantum Groups and Geometry
Location: University of Virginia, Charlottesville, VA, USA
The workshop “Algebraic Groups, Quantum Groups and
Geometry” in the Southeastern Lie Theory series will be
held at the University of Virginia, May 24–27, 2016. The
conference is supported by the National Science Foundation
and the Institute of Mathematics Science (UVA). May 26 will
be a special day in recognition of the work of Brian Parshall.
URL: people.virginia.edu/~btw4e/AQG/index.html

26 – 29 International Conference on Applications of Mathe-
matics to Nonlinear Sciences (AMNS-2016)
Location: Kathmandu, Nepal.
The Association of Nepalese Mathematicians in America
(ANMA), Nepal Mathematical Society (NMS), and the mathe-
matics departments of Tribhuvan University and Kathmandu
University are jointly organizing the International Confer-
ence on Applications of Mathematics to Nonlinear Sciences
(AMNS-2016) in Kathmandu, Nepal, on May 26–29, 2016.
The conference provides a forum to a diverse group of
scientists in applications of mathematics to natural and
health sciences, engineering and finance. Specific areas in-
clude analysis, topology, mathematics education, statistics,
big data, optimization, operations research, quantitative fi-
nance, mathematical biology, biomedical science, biophysics,
and public health. The conference intends to bring together
researchers from a variety of disciplines of mathematical
sciences and applications.
URL: anmaweb.org/AMNS-2016/

30 – June 3 International Workshop on Fluid-Structure Inter-
action Problems
Location: Institute for Mathematical Sciences, National Univer-
sity of Singapore
Many problems in applied sciences and engineering involve
the motion of geometric objects such as interfaces or fila-
ments interacting with surrounding fluids. These problems
are generally called fluid-structure interaction problems.
Since the interface position is unknown and must be solved
as part of the solution, this poses challenging difficulties
from theoretical and numerical points of view. For the past
decades, the research effort on those topics is overwhelming
and is still popular in applied mathematics and engineering
communities. This international workshop aims to bring
together mathematicians, computational scientists, and en-
gineers having a common interest in solving fluid-structure
interaction problems. The ultimate goal is to initiate new
research collaborations that improve on existing techniques
and generate ideas for new approaches.
URL: www2.ims.nus.edu.sg/prognsem.php

June 2016

3 – 8 XVIII-th International Conference on Geometry, Integra-
bility and Quantization
Location: Sts. Constantine and Elena resort (near Varna, Bul-
garia)
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This conference is a next in a row of previous meetings
on Geometry and Mathematical Physics which took place
in Bulgaria, Zlatograd (1995) and annual conferences under
the same title in Varna (1998–2015). The overall aim is to
bring together experts in Classical and Modern Differential
Geometry, Complex Analysis, Mathematical Physics and re-
lated fields, to assess recent developments in these areas
and to stimulate new investigations and the international
collaboration.
URL: www.bio21.bas.bg/conference/

6 – July 1 Empirical Likelihood Based Methods in Statistics
Location: Institute for Mathematical Sciences, National Univer-
sity of Singapore
The programme would start with a week long tutorial on
the basics of empirical likelihood and its applications. There
will be two workshops on the second and the third weeks.
The first workshop would explore various aspects of the new
developments in the core empirical likelihood methodology.
It would concentrate more on the theoretical side. As for ex-
ample, we would discuss asymptotic behaviour of empirical
likelihood under various levels of dependence, its behaviour
in high dimensions, in various constrained problems, the-
oretical aspects of Bayesian empirical likelihood, etc. The
second workshop will mostly be on the applications of em-
pirical likelihood in real life problems. The topics would
include the applications in biostatistics, survival analysis,
in the analysis of complex survey data, longitudinal data,
finance and econometrics among others. The fourth week is
kept free for research interactions. Most of it would be spent
in informal discussions.
URL: www2.ims.nus.edu.sg/prognsem.php

15 – 18 VI Congress of Mathematicians of Macedonia
Location: Ohrid, Macedonia
The VI Congress of Mathematicians of Macedonia is the
largest international event in the mathematical community
in Macedonia. The event includes plenary lectures, short
communications, posters, seminars, workshops, round ta-
bles, etc. We are expecting more than 200 participants from
all over the world.
URL: cmm2016.weebly.com/

16 – 18 2016 International Conference of the Honam Mathe-
matical Society
Location: Chonbuk National University, Jeonju, South Korea
The aim of this conference is to present the latest research
and results of mathematicians related to Algebra, Analysis,
Geometry, Topology, Mathematics education and related
fields. The scientific program of the conference will consist
of invited talks and contributed talks. Dates: June 16–18,
2016 VENUE: 2016 International Conference of the Honam
Mathematical Society will take place in Jeonju, a city full
of history and cultural attractions. The venue will be the
campusof theDepartmentofMathematics EducationBd.(6-1),
Chonbuk National University, Jeonju, Korea.
URL: honammath.jbnu.ac.kr/

19 – 25 2nd International Conference and Summer School
NUMTA2016 ``Numerical Computations: Theory and Algo-
rithms''
Location: Club Med Resort “Napitia”, Pizzo Calabro, Italy

THE GOAL of NUMTA2016 Conference is to create a multi-
disciplinary round table for an open discussion on numerical
modeling by using traditional and emerging computational
paradigms.All aspectsofnumerical computationsandmodel-
ing from foundations and philosophy to advanced numerical
techniques will be discussed.
URL: si.dimes.unical.it/~yaro/numta2016

20 – 30 Partial Order in Materials: Analysis, Simulations and
Beyond
Location: Centre de recherches mathématiques Université de
Montréal Pavillon André-Aisenstadt 2920, Chemin de la tour,
5th floor Montréal (Québec) H3T 1J4
The CRM “�Partial Order in Materials: Analysis, Simulations
and Beyond” workshop will comprise two 4-day focussed
research meetings, from June 20–23, 2016 and June 27–
30, 2016, on partially ordered materials and complex
fluids respectively, as part of the CRM thematic program
on Computational Mathematics and Applications.
URL: www.crm.umontreal.ca/Computational2016

20 – July 29 Math-to-Industry Boot Camp
Location: IMA, University of Minnesota, Minneapolis, MN
The Math-to-Industry Boot Camp is an intense six-week
session designed to provide graduate students with training
and experience that is valuable for employment outside
of academia. The program is targeted at PhD students in
pure and applied mathematics. The Boot Camp consists of
courses in the basics of programming, data analysis, and
mathematical modeling. Students will work in teams on
projects and will be provided with soft skills training. There
will be two group projects during the session: one “baby
project” designed to introduce the concept of solving open-
ended problems and on working in teams, and one “capstone
project” which will be posed by industry scientists. The
students will be able to interact with industry participants at
various points in the program.
URL: www.ima.umn.edu/2015-2016/SW6.20-7.29.16

22 – 25 Dynamics and Differential Equations
Location: IMA, University of Minnesota, Minneapolis, MN
The workshop is dedicated to the memory of George Sell, and
it will encompass several areas of Professor Sell’s research,
including ordinary differential equations, partial differen-
tial equations, infinite-dimensional dynamical systems, and
dynamics of nonautonomous evolutionary equations. The
format of this workshop will consist of invited plenary
lectures and a poster session.
URL: www.ima.umn.edu/2015-2016/SW6.22-25.16

27 – July 1 3rd Barcelona Summer School on Stochastic Analy-
sis
Location: Centre de Recerca Matemàtica, Bellaterr
Description The Barcelona Summer School on Stochastic
Analysis is a one-week scientific activity consisting mainly of
courses addressed to PhD students and young researchers
on current research topics in Stochastic Analysis. Selected
participants are also given the opportunity to deliver short
talks or to display posters. The courses in 2016 will be the
following (a detailed description is given below) On Approx-
imations of Stochastic PDEs by István Gyöngy (University
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of Edinburgh, UK); Regularity Structures by Martin Hairer
(University of Warwick, UK).
URL:
www.crm.cat/en/Activities/Curs_2015-2016/Pages/
3rd-BCN-Summer-School-on-Stochastic-Analysis.
aspx

27 – July 1 The 14th International Conference on Permutation
Patterns (PP 2016)
Location: Howard University, Washington, DC
The scope of this meeting includes all topics related to
patterns in permutations, words, and other combinatorial
objects. The conference will include invited and contributed
talks, as well as poster sessions. There will be no parallel
sessions. The invited speakers will be Anders Claesson (Uni-
versity of Strathclyde; starting 2016, University of Iceland)
and Ira Gessel (Brandeis University).
URL: permutationpatterns2016.wordpress.com

27 – July 08 IMJ-PRG2016 Summer School ``Symplectic topol-
ogy, sheaves, and mirror symmetry''
Location: Institut de Mathématiques de Jussieu-Paris Rive
Gauche, Université Pierre et Marie Curie, Paris, France
The 2016 IMJ-PRG Summer School on the topic of “Symplectic
topology, Sheaves and Mirror Symmetry” to be held on the
“Jussieu” campusof the InstitutdeMathématiquesde Jussieu-
Paris Rive Gauche. The summer school will feature mini-
courses, explanation sessions and individual talks on active
research topics, with special emphasis on the microlocal
theory of sheaves, mirror symmetry and their interactions.
URL: school2016.imj-prg.fr

29 – July 1 The 2016 International Conference of Applied and
Engineering Mathematics
Location: Imperial College London, London, UK
The conference ICAEM’16 is held under the World Congress
on Engineering 2016. The WCE 2016 is organized by the
International Association of Engineers (IAENG), and serves as
good platforms for the engineering community members to
meet with each other and to exchange ideas. The last IAENG
conferences attracted more than one thousand participants
from over thirty countries. All submitted papers will be
under peer review and accepted papers will be published
in the conference proceeding (ISBN: 978-988-19253-0-5). The
abstracts will be indexed and available at major academic
databases. The accepted papers will also be considered for
publication in the special issues of the journal Engineering
Letters, in IAENG journals and in edited books. Calls for
Manuscript Submissions Draft Paper Submission Deadline:
March 6, 2016 Camera-Ready Papers Due & Registration
Deadline: March 31, 2016 WCE 2016: June 29–July 1, 2016.
URL: www.iaeng.org/WCE2016/ICAEM2016.html

July 2016

03 – 09 SIDE 12 Symmetries and Integrability of Difference
Equations
Location: Centre de recherches mathématiques Université de
Montréal Pavillon André-Aisenstadt 2920, Chemin de la tour,
5th floor Montréal (Québec) H3T 1J4

SIDE 12 is the twelfth in a series of biennial conferences de-
voted to Symmetries and Integrability of Difference Equations
and related topics.
URL: www.crm.umontreal.ca/2016/SIDE12/index_e.
php

04 – 08 Complex Boundary and Interface Problems: Theoretical
Models, Applications and Mathematical Challenges
Location: Centre de recherches mathématiques Université de
Montréal Pavillon André-Aisenstadt 2920, Chemin de la tour,
5th floor Montréal (Québec) H3T 1J4
Jean-Christophe Nave (McGill), Robert Owens (Montréal),
Pascal Poullet (Antilles), Hongkai Zhao (UC Irvine)
URL: www.crm.umontreal.ca/Computational2016

11 – 13 International Conference on Boundary Element and
Meshless Techniques
Location: Institute of Applied Mathematics, Middle East Tech-
nical University, Ankara-Turkey
The 16th annual meeting of the boundary element methods
and Meshless techniques will take place at METU, Ankara-
Turkey. The aim of the conference is to promote further
international co-operation between Scientist and Engineers
from different disciplines involved in the study and develop-
ment of the Boundary Element Techniques. The participants
are encouraged to explore new formulations and ideas for
a wide range of applications as well as report on advances
made on the numerical implementation of the method. The
application of the method to practical problems is very much
encouraged. The conference will cover all aspects of the
boundary integral methods.
Organizer: Münevver Tezer-Sezgin, METU, Ankara-Turkey
Bulent Karasözen, METU, Ankara-Turkey Ferri M. H. Aliabadi,
Imperial College, UK.
URL: beteq16.iam.metu.edu.tr/

18 – 22 Computational Optimal Transportation
Location: Centre de recherches mathématiques Université de
Montréal Pavillon André-Aisenstadt 2920, Chemin de la tour,
5th floor Montréal (Québec) H3T 1J4
Organizers: Adam Oberman (McGill), Jean-David Benamou
(INRIA)
URL: www.crm.umontreal.ca/Computational2016

19 – August 2 XIX Summer Diffiety School on Geometry of
PDEs
Location: Ex Colonia Ferrarese, Lizzano in Belvedere (BO), Italy
A diffiety is a geometrical object that properly formalizes
the concept of the solution space of a given system of
(nonlinear) PDEs, much as an algebraic variety does with
respect to solutions of a given system of algebraic equations.
Secondary Calculus is a natural diffiety analogue of the
standard calculus on smooth manifolds, and as such leads
to a very rich general theory of nonlinear PDEs. Moreover, it
appears to be a natural language for quantum physics, just
as the standard calculus is the natural language for classical
physics.
URL:
www.levi-civita.org/Activities/DiffietySchools/
xix-summer-diffiety-school

202 Notices of the AMS Volume 63, Number 2



Mathematics Calendar

20 – 23 IMAGINARY Conference on Open and Collaborative
Communication of Mathematical Research 2016 (IC16)
Location: TAK theatre, Berlin, Germany
IC16 is an interdisciplinary gathering for mathematicians,
communicators and interested professionals to discuss and
work together on current issues of communication and
knowledge transfer in mathematics. It will be held in Berlin
(Germany) on July 20–23, 2016. Theprogramwill orbit around
five thematic areas that influence math communication: *
Community, networking and legal aspects. * Advances in 2-d
and 3-d visualization of modern mathematics, creation of
mathematics exhibits. * Knowledge transfer and pedagogics
of mathematics communications. * Agile design and tools for
maths communication. * Mathematical writing, journalism
and media. The conference will be structured in two parts:
Talks and Workshops. Invited lectures and short talks will
present and explore each of the areas, and workshops will
develop some outputs on these topics.
URL: ic16.imaginary.org/

25 – 29 Knot Homologies, Hilbert Schemes, and Cherednik
Algebras
Location: University of Oregon, Eugene, OR
The goal is this workshop to learn about the HOMFLY-PT
homology of a closed 𝑛-strand braid, and to then explore
some conjectural relations between this invariant, the Hilbert
scheme of 𝑛 points in the plane, and (in certain special
cases) representations of Cherednik algebras, as initiated
in: Torus knots and the rational DAHA, arXiv:1207.4523 by
Gorsky,Oblomkov,Rasmussen, andShendeandsubsequently
developed by Gorsky, Hogancamp, and others. The workshop
will be led by Jacob Rasmussen, and will consist of a
combination of lectures and problem sessions.
URL: pages.uoregon.edu/belias/WARTHOG/torus.html

August 2016

09 – 11 4th Seminar on Algebra and its Applications
Location: University of Mohaghegh Ardabili, Ardabil, Iran
The “4th Seminar on Algebra and its Applications” organized
by the University of Mohaghegh Ardabili, will be held on
August 9–11, 2016 in Ardabil, Iran. The seminar continues
the tradition of “workshop on Algebra and its Applications”,
“Second Seminar on Algebra and its Applications” and “Third
Seminar on Algebra and its Applications” which held at the
university of Mohaghegh Ardabili in 2010, 2012 and 2014.
URL: www.uma.ac.ir/index.php?sid=105&slc_lang=en

16 – 19 5th International EurasianConference onMathematical
Sciences and Applications
Location: Hotel Crown Plaza, Belgrade, SERBIA
The main aim of this conference is to contribute to the
development of mathematical sciences and its applications
and to bring together the members of the mathematics
community, interdisciplinary researchers, educators, math-
ematicians, statisticians and engineers from all over the
world. The conference will present new results and future
challenges, in series of invited and short talks and poster
presentations. Also, original, unpublished papers are invited
for presentation in the conference IECMSA-2016. All pre-
sented paper’s abstracts will be published in the conference

proceeding. Moreover, selected and peer review articles will
be published in the international journals.
URL: www.iecmsa.org

22 – September 25 Automata, Logic and Games
Location: Institute for Mathematical Sciences, National Univer-
sity of Singapore
The proposed programme is concerned with both the theory
and practice of verification. An objective of the programme
is to promote interactions between researchers working in
the theory and foundations of automata, logic and games,
and those who build tool implementations of model checking
algorithms, perform empirical studies, and work with the
verification industry. The five-week programme will focus
on the following topics: (1) Communicating, Distributed and
Parameterized Systems (2) Constraint Solving (3) Higher-
Order Model Checking (4) Probabilistic Model Checking (5)
Timed Systems.
URL: www2.ims.nus.edu.sg/prognsem.php

28 – September 01 Frontiers in Mathematical Physics. In Hon-
our of Barry Simon's Seventieth birthday
Location: Centre de recherches mathématiques Université de
Montréal Pavillon André-Aisenstadt 2920, Chemin de la tour,
5th floor Montréal (Québec) H3T 1J4
Barry Simon is one of the founding fathers of modern mathe-
matical physics.Weshall celebrateBarry’s seventiethbirthday
with a conference bringing together leading researchers in
mathematical physics for talks and discussions, with the
purpose of outlining recent advances and new directions of
research.
URL: www.crm.umontreal.ca/2016/Simon16/index_e.
php

October 2016

31 – November 4 IMA Annual ProgramWorkshop: Mathemat-
ical and Physical Models of Nonlinear Optics
Location: IMA, University of Minnesota, Minneapolis, MN
The aim of the workshop is to bring together scientists
working on the mathematical and physical aspects of non-
linear optics. Topics will include nonlinear propagation in
inhomogeneous and random media modeled by nonlinear
dispersive PDEs with applications to laser filamentation, ul-
trashort pulses, and quantum effects. It will emphasize an
interdisciplinary approach, ranging from rigorous analysis to
asymptotics and numerical methods, as well as experimental
research. In addition to problems of current interest, one of
the goals will be to identify future research directions.
URL: www.ima.umn.edu/2016-2017/W10.31-11.4.16/

December 2016

12 – 16 IMA Annual Program Workshop: Mathematical and
Numerical Modeling in Optics
Location: IMA, University of Minnesota, Minneapolis, MN
This workshop will bring together researchers interested in
the mathematical and numerical modeling of optical phe-
nomena, especially spectral problems arising in photonics
involving dispersion relations and band structures, eigen-
functions, and scattering resonances. Specific areas of focus
will include: (i) efficient computational methods for scatter-
ing and spectral problems and (ii) properties and optimal
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design of extreme materials and photonic devices. These
problems arise in the study of photonic crystals and pe-
riodic media, diffraction gratings, metamaterials, graphene
and relatedmaterials with Dirac points, and cloaking devices.
URL: www.ima.umn.edu/2016-2017/W12.12-16.16/

14 – 17 International Conference of The Indian Mathematics
Consortium (TIMC) in Cooperation with American Mathemati-
cal Society(AMS)
Location: DST-Centre for Interdisciplinary Mathematical Sci-
ences, Banaras Hindu University, Varanasi-221005, India
This is the first major event being organized by TIMC
in co-operation with an organization from outside India.
Eight plenary talks by distinguished mathematicians and
about fifteen Symposia on themes of current interest in
mathematical research are being planned for the meeting.
These will be supplemented by various other activities.
URL: www.bhu.ac.in/seminar/timcams2016/

February 2017

2 – 3 Connections for Women: Analytic Number Theory
Location: Mathematical Sciences Research Institute, Berkeley
CA
This workshop will consist of lectures on the current state
of research in analytic number theory, given by prominent
women and men in the field. The workshop is open to
all graduate students, post-docs, and researchers in areas
related to the program; it will also include a panel discussion
session among female researchers on career issues, as well
as other social events.
URL: www.msri.org/workshops/800

6 – 10 IntroductoryWorkshop: Analytic Number Theory
Location: Mathematical Sciences Research Institute, Berkeley,
CA
The introductory workshop will present, through short mini-
courses and introductory lectures, the main topics that will
be the subject of much of the Analytic Number Theory
Programme at MSRI. These topics include the theory of
multiplicative functions, the theory of modular forms and
𝐿-functions, the circle method, sieve methods, and the theory
of exponential sums over finite fields
URL: www.msri.org/workshops/801

13 – 17 IMA Annual ProgramWorkshop: Optical Imaging and
Inverse Problems
Location: IMA, University of Minnesota, Minneapolis, MN
Recent years have witnessed major advances in our under-
standing of the behavior of light in in the presence of complex
structures. Such advances have the potential to translate to
very valuable insights for practical imaging applications,
ranging from breast cancer diagnosis and brain tumor de-
tection to astronomy. This workshop will bring together
mathematicians with applied and computational scientists,
physicists, and engineers with the goal of addressing a wide
range of questions related to optical imaging modalities.
Topics of particular interest include: inverse scattering prob-
lems, optical imaging, hybrid inverse problems, near-field
optics, and nano-optics modeling.
URL: www.ima.umn.edu/2016-2017/W2.13-17.17/

March 2017

13 – 17 IMA Annual ProgramWorkshop: Novel Optical Mate-
rials
Location: IMA, University of Minnesota, Minneapolis, MN
Over the past decade and a half, there has been a revolution
in novel optical materials, with new directions continuously
emerging. Some of the areas that we envisage this work-
shop encompassing include: (i) space-time microstructures
(including foldable electromagnetic structures and manip-
ulations of boundaries in time and space, where exciting
phenomena have been observed); (ii) topological insulators,
where topological constraints in the bulk lead to interesting
surface effects and novel devices, arising through breaking
space and/or time reversal symmetries and (iii) metasurfaces
that can be tailored to achieve control of electromagnetic
fields at interfaces, as well as meso-scale multi-physics prob-
lems coupling light with acoustic or elastic fields in structure
media. The goals will be first to expose mathematicians to
these developments. Then secondly, to develop a synthe-
sis between mathematicians and other scientists to better
understand these phenomena.
URL: www.ima.umn.edu/2016-2017/W3.13-17.17/

April 2017

3 – 5 Sixteenth International Conference on Numerical Com-
bustion (NC17)
Location: Rosen Plaza Hotel, Orlando, Florida, USA
Sixteenth International Conference on Numerical Combus-
tion (NC17) April 3–5, 2017 Rosen Plaza Hotel, Orlando,
Florida, USA The call for submissions will be linked from
www.siam.org/meetings/nc17 in June 2016.
URL: www.siam.org/meetings/nc17

24 – 28 IMA Annual Program Workshop: Emerging Topics in
Optics
Location: IMA, University of Minnesota, Minneapolis, MN
Optics and Photonics (O&P) is a dynamic field spanning
from fundamental and applied physics to device design and
engineering, inwhich awide range ofmathematical areas play
an important role. In addition to the novelty and the breadth
of applications of O&P, these areas have proven to be a
source of new directions in mathematical modeling, analysis,
and computation. This workshop will comprise lectures by
and opportunities for interaction among mathematicians,
physicists, and engineers on modeling and computation
in nano-optics, meta-materials, and other areas of O&P,
as well as their applications to, for example, nano-optical-
mechanical systems, neuro-science, energy, and information
storage and processing. The workshop will seek to identify
opportunities for mathematicians and scientists in these
fields to collaborate and contribute to these exciting areas.
URL: www.ima.umn.edu/2016-2017/W4.24-28.17/

May 2017

21 – 25 SIAM Conference on Applications of Dynamical Sys-
tems (DS17)
Location: Snowbird Ski and Summer Resort, Snowbird, Utah,
USA
Information on DS17 will be available in July 2016. Orga-
nizing Committee Co-Chairs Evelyn Sander, George Mason

204 Notices of the AMS Volume 63, Number 2



Mathematics Calendar

University, USA Martin Wechselberger, University of Sydney,
Australia.
URL: www.siam.org/meetings/ds17/

July 2017

10 – 12 SIAM Conference on Control and Its Applications
(CT17)
Location: David Lawrence Convention Center (DLCC), Pitts-
burgh, Pennsylvania, USA
SIAM Conference on Control and Its Applications (CT17)
July 10–12, 2017 David Lawrence Convention Center (DLCC)
Pittsburgh, PA, USA The call for participation will be linked
from www.siam.org/meetings/ct17/ in September 2016.
URL: www.siam.org/meetings/ct17/

10 – 12 SIAMConference on Geometric and Physical Modeling
(GD17)
Location: David Lawrence Convention Center (DLCC), Pitts-
burgh, Pennsylvania, USA
SIAMConference on Geometric and Physical Modeling (GD17)
July 10–12, 2017 David Lawrence Convention Center (DLCC)
Pittsburgh, PA, USA The call for participation will be linked
from www.siam.org/meetings/gd17/ in September 2016.
URL: www.siam.org/meetings/gd17/

September 2017

19 – 22 11th International Conference on Parametric Optimiza-
tion and Related Topics (ParaoptXI)
Location: Charles University, Prague, Czech Republic
Parametric optimization is a part of mathematical program-
ming and has emerged as an exciting research area in
theory, numerics and applications. ParaoptXI welcomes pa-
pers as well as proposals for special sessions on any area in
parametric optimization or related topics.
URL: paraoptxi.fsv.cuni.cz/

Contact: Membership and Programs Department

American Mathematical Society
201 Charles Street
Providence, RI 02904-2294 USA
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New Publications
Offered by the AMS
To subscribe to email notification of new AMS publications,
please go to www.ams.org/bookstore-email.

Algebra and Algebraic Geometry

Rational Points, Rational
Curves, and Entire
Holomorphic Curves on
Projective Varieties

Carlo Gasbarri, Université de
Strasbourg, France, Steven Lu,
Université du Québec à Montréal,
Québec, Canada, Mike Roth,
Queen’s University, Kingston,
Ontario, Canada, and Yuri
Tschinkel, Courant Institute of
Mathematical Sciences, New York,
NY, Editors

This volume contains papers from the Short Thematic Program on
Rational Points, Rational Curves, and Entire Holomorphic Curves
and Algebraic Varieties, held from June 3–28, 2013, at the Centre de
Recherches Mathématiques, Université de Montréal, Québec, Canada.

The program was dedicated to the study of subtle interconnections
between geometric and arithmetic properties of higher-dimensional
algebraic varieties. The main areas of the program were, among
others, proving density of rational points in Zariski or analytic
topology on special varieties, understanding global geometric
properties of rationally connected varieties, as well as connections
between geometry and algebraic dynamics exploring new geometric
techniques in Diophantine approximation.

This book is co-published with the Centre de Recherches
Mathématiques.

Contents: Expository and survey articles: E. Amerik, Some
applications of p-adic uniformization to algebraic dynamics;
F. Campana, Special manifolds, arithmetic and hyperbolic aspects:
A short survey; P. Das and A. Turchet, Invitation to integral and
rational points on curves and surfaces; M. Nakamaye, Roth’s
theorem: An introduction to diophantine approximation; P. Vojta,
The Thue-Siegel method in diophantine geometry; Research articles:
A. Alvarez, A. Chaturvedi, and G. Heier, Optimal pinching for the
holomorphic sectional curvature of Hitchin’s metrics on Hirzebruch
surfaces; J. Kollár, The Lefschetz property for families of curves;

Z. Tian, Separable rational connectedness and stability; R. Zong,
Curve classes on rationally connected varieties.

Contemporary Mathematics, Volume 654

January 2016, 165 pages, Softcover, ISBN: 978-1-4704-1458-0, LC
2015023205, 2010 Mathematics Subject Classification: 11Gxx, 14Gxx,
14G05, 11K60, 14M22, 37Pxx, 14G40, 14M99, AMS members US$84,
List US$105, Order code CONM/654

Moduli of Double
EPW-Sextics

Kieran G. O’Grady, Sapienza
Università di Roma, Italy

Contents: Introduction; Preliminaries;
One-parameter subgroups and stability;
Plane sextics and stability of lagrangians;
Lagrangians with large stabilizers;
Description of the GIT-boundary; Boundary
components meeting I in a subset of

XW ∪ {x, x∨}; The remaining boundary components; Appendix A.
Elementary auxiliary results; Appendix B. Tables; Bibliography.

Memoirs of the American Mathematical Society, Volume 240,
Number 1136

March 2016, 172 pages, Softcover, ISBN: 978-1-4704-1696-6, 2010
Mathematics Subject Classification: 14D20, 14L30, Individual mem-
ber US$55.80, List US$93, Institutional member US$74.40, Order
code MEMO/240/1136

The Fourier Transform
for Certain HyperKähler
Fourfolds

Mingmin Shen, Korteweg-de
Vries Institute for Mathematics,
University of Amsterdam, The
Netherlands, and Charles Vial,
University of Cambridge, United
Kingdom

Contents: Introduction; The Fourier transform for HyperKähler
fourfolds: The cohomological Fourier transform; The Fourier
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transform on the Chow groups of HyperKähler fourfolds; The Fourier
decomposition is motivic; First multiplicative results; An application
to symplectic automorphisms; On the birational invariance of
the Fourier decomposition; An alternate approach to the Fourier
decomposition on the Chow ring of Abelian varieties; Multiplicative
Chow–Künneth decompositions; Algebraicity of B for HyperKähler
varieties of K3[n]-type; The Hilbert Scheme S[2]: Basics on the Hilbert
scheme of Length-2 subschemes on a variety X; The incidence
correspondence I; Decomposition results on the Chow groups of
X[2]; Multiplicative Chow–Künneth decomposition for X[2]; The
Fourier decomposition for S[2]; The Fourier decomposition for S[2] is
multiplicative; The Cycle L of S[2] via moduli of stable sheaves; The
variety of lines on a cubic fourfold: The incidence correspondence
I; The rational self-map ϕ : F⇢F ; The Fourier decomposition for
F ; A first multiplicative result; The rational self-mapϕ : F⇢F and
the Fourier decomposition; The Fourier decomposition for F is
multiplicative; Appendix A. Some geometry of cubic fourfolds;
Appendix B. Rational maps and Chow groups; References.

Memoirs of the American Mathematical Society, Volume 240,
Number 1139

March 2016, 161 pages, Softcover, ISBN: 978-1-4704-1740-6, 2010
Mathematics Subject Classification: 14C25, 14C15, 53C26, 14J28,
14J32, 14K99, 14C17, Individual member US$54, List US$90,
Institutional member US$72, Order code MEMO/240/1139

Analysis

Classification of
E0-Semigroups by
Product Systems

Michael Skeide, Università degli
Studi del Molise, Campobaso, Italy

Contents: Introduction; Morita equivalence
and representations; Stable Morita
equivalence for Hilbert modules; Ternary
isomorphisms; Cocycle conjugacy of

E0–semigroups; E0–semigroups, product systems, and unitary
cocycles; Conjugate E0–semigroups and Morita equivalent product
systems; Stable unitary cocycle (inner) conjugacy of E0–semigroups;
About continuity; Hudson-Parthasarathy dilations of spatial Markov
semigroups; Von Neumann case: Algebraic classification; Von
Neumann case: Topological classification; Von Neumann case: Spatial
Markov semigroups; Appendix A: Strong type I product systems;
Appendix B: E0–semigroups and representations for strongly
continuous product systems; References.

Memoirs of the American Mathematical Society, Volume 240,
Number 1137

March 2016, 126 pages, Softcover, ISBN: 978-1-4704-1738-3, Individ-

ual member US$50.40, List US$84, Institutional member US$67.20,
Order code MEMO/240/1137

Logic and Foundations

Classes of Polish Spaces
Under Effective Borel
Isomorphism

Vassilios Gregoriades, Institut für
Analysis und Algebra, Technische
Universität Darmstadt, Germany

Contents: Introduction; The spaces N T ;
Kleene spaces; Characterizations ofN up
to∆1

1 isomorphism; Spector-Gandy spaces;
Questions and related results; Bibliography; Index.

Memoirs of the American Mathematical Society, Volume 240,
Number 1135

March 2016, 87 pages, Softcover, ISBN: 978-1-4704-1563-1, 2010
Mathematics Subject Classification: 03E15, 03D30, 03D60, Individual

member US$47.40, List US$79, Institutional member US$63.20,
Order code MEMO/240/1135

Mathematical Physics

Diagonalizing Quadratic
Bosonic Operators by
Non-Autonomous Flow
Equations

Volker Bach, Technische
Universität Braunschweig,
Germany, and Jean-Bernard Bru,
Universidad del País Vasco, Bilbao,
Spain, and Basque Foundation for
Science, Bilbao, Spain

Contents: Introduction; Diagonalization of quadratic boson
Hamiltonians; Brocket–Wegner flow for quadratic boson operators;
Illustration of the method; Technical proofs on the one–particle
Hilbert space; Technical proofs on the boson Fock space; Appendix;
References.

Memoirs of the American Mathematical Society, Volume 240,
Number 1138

March 2016, 122 pages, Softcover, ISBN: 978-1-4704-1705-5, 2010
Mathematics Subject Classification: 47D06, 81Q10, Individual mem-

ber US$49.80, List US$83, Institutional member US$66.40, Order
code MEMO/240/1138
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New AMS-Distributed Publications

Number Theory

SCHOLAR—a Scientific
Celebration Highlighting
Open Lines of
Arithmetic Research

A. C. Cojocaru, University of
Illinois at Chicago, IL, C. David,
Concordia University, Montreal,
Québec, Canada, and F. Pappalardi,
Università degli Studi Roma Tre,
Rome, Italy, Editors

M. Ram Murty has had a profound impact on the development of
number theory throughout the world. To honor his mathematical
legacy, a conference focusing on new research directions in number
theory inspired by his most significant achievements was held from
October 15–17, 2013, at the Centre de Recherches Mathématiques in
Montréal.

This proceedings volume is representative of the broad spectrum
of topics that were addressed at the conference, such as elliptic
curves, function field arithmetic, Galois representations, L-functions,
modular forms and automorphic forms, sieve methods, and
transcendental number theory.

This book is co-published with the Centre de Recherches
Mathématiques.

Contents: A. Akbary and S. Yazdani, On the greatest prime factor
of some divisibility sequences; T. Chatterjee, S. Gun, and P. Rath,
A number field extension of a question of Milnor; S. M. Cioabă
and P. Xu, Mixing rates of random walks with little backtracking;
J.-M. De Koninck and N. Doyon, Additive and multiplicative
functions with similar global behavior; J.-M. De Koninck and I. Kátai,
Multidimensional sequences uniformly distributed modulo 1 created
from normal numbers; A. T. Felix, The index of a modulo p;
J. Freeman and S. J. Miller, Determining optimal test functions for
bounding the average rank in families of L-functions; C. Levesque
and M. Waldschmidt, Familles d’équations de Thue associées à
un sous-groupe de rang 1 d’unités totalement réelles d’un corps
de nombres; G. Meleleo, Cyclicity of quotients of non-CM elliptic
curves modulo primes; M. Mourtada and V. K. Murty, On the Euler
Kronecker constant of a cyclotomic field, II; M. R. Murty and K. Sinha,
The generalized Dedekind determinant; J. Parks, A remark on
elliptic curves with a given number of points over finite fields;
D. Ramakrishnan, Recovering cusp forms on GL(2) from symmetric
cubes; N. Saradha and D. Sharma, Arithmetic nature of some infinite
series and integrals; I. E. Shparlinski, Points on varieties over finite
fields in small boxes; D. Zywina, Bounds for the Lang–Trotter
conjectures.

Contemporary Mathematics, Volume 655

January 2016, 256 pages, Softcover, ISBN: 978-1-4704-1457-3, LC
2015024521, 2010 Mathematics Subject Classification: 11N05, 11N37,
11M06, 11L03, 11J81, 11G05, 11F03, 11Z05, AMS members US$84,
List US$105, Order code CONM/655

New AMS-Distributed
Publications

Analysis

Uniformization of
Riemann Surfaces
Revisiting a
Hundred-Year-Old
Theorem

Henri Paul de Saint-Gervais
Translated from the French by
Robert Burns, York University,
Toronto

In 1907, Paul Koebe and Henri Poincaré almost simultaneously
proved the uniformization theorem: Every simply connected Riemann
surface is isomorphic to the plane, the open unit disc, or the sphere.

It took a whole century to get to the point of stating this theorem and
providing a convincing proof of it, relying as it did on prior work of
Gauss, Riemann, Schwarz, Klein, Poincaré , and Koebe, among others.
The present book offers an overview of the maturation process of this
theorem.

The evolution of the uniformization theorem took place in parallel
with the emergence of modern algebraic geometry, the creation of
complex analysis, the first stirrings of functional analysis, and with
the flowering of the theory of differential equations and the birth of
topology. The uniformization theorem was, thus, one of the lightning
rods of 19th century mathematics. Rather than describe the history of
a single theorem, the book aims to return to the original proofs, to
look at these through the eyes of modern mathematicians, to inquire
as to their correctness, and to attempt to make them rigorous while
respecting, as much as possible, the state of mathematical knowledge
at the time, or, if this should prove impossible, then to use modern
mathematical tools that were not available to the authors of the
original proofs.

This book will be useful to mathematicians wishing to cast a glance
back at the history of their discipline. It should also provide
graduate students with a non-standard approach to concepts of great
importance for modern research.

A publication of the European Mathematical Society (EMS). Distributed
within the Americas by the American Mathematical Society.

Contents: Riemann surfaces; Intermezzo; The method of continuity;
Intermezzo; Towards the general uniformization theorem;
Appendices; Bibliography; Index.

Heritage of European Mathematics, Volume 11

January 2016, 512 pages, Hardcover, ISBN: 978-3-03719-145-3, 2010

Mathematics Subject Classification: 30F10, 01A55, 14H55, 30-01,

30-03, 30Fxx, AMS members US$66.40, List US$83, Order code

EMSHEM/11
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New AMS-Distributed Publications

Number Theory

Four Faces of Number
Theory

Kathrin Bringmann, University of
Koeln, Germany, Yann Bugeaud,
Université de Strasbourg., France,
Titus Hilberdink, University of
Reading, United Kingdom, and
Jürgen Sander, University of
Hildesheim, Germany

This book arose from courses given at an International Summer
School organized by the number theory group of the Department
of Mathematics at the University of Würzburg. It consists of four
essentially self-contained chapters and presents recent research
results highlighting the strong interplay between number theory
and other fields of mathematics, such as combinatorics, functional
analysis and graph theory. The book is addressed to undergraduate
students who wish to discover various aspects of number theory.
Remarkably, it demonstrates how easily one can approach frontiers of
current research in number theory by elementary and basic analytic
methods.

Kathrin Bringmann gives an introduction to the theory of modular
forms and, in particular, so-called Mock theta-functions, a topic which
had been untouched for decades but has obtained much attention
in the last years. Yann Bugeaud is concerned with expansions of
algebraic numbers. Here combinatorics on words and transcendence
theory are combined to derive new information on the sequence
of decimals of algebraic numbers and on their continued fraction
expansions. Titus Hilberdink reports on a recent and rather
unexpected approach to extreme values of the Riemann zeta-function
by use of (multiplicative) Toeplitz matrices and functional analysis.
Finally, Jürgen Sander gives an introduction to algebraic graph theory
and the impact of number theoretical methods on fundamental
questions about the spectra of graphs and the analogue of the
Riemann hypothesis.

A publication of the European Mathematical Society (EMS). Distributed
within the Americas by the American Mathematical Society.

Contents: K. Bringmann, Asymptotic formulas for modular forms
and related functions; Y. Bugeaud, Expansions of algebraic numbers;
T. Hilberdink, Multiplicative Toeplitz matrices and the Riemann zeta
function; J. Sander, Arithmetical topics in algebraic graph theory;
Index.

EMS Series of Lectures in Mathematics, Volume 22

November 2015, 198 pages, Softcover, ISBN: 978-3-03719-142-2,
2010 Mathematics Subject Classification: 11-02, 11J81; 11A63, 11J04,
11J13, 11J68, 11J70, 11J87, 68R15, AMS members US$30.40, List
US$38, Order code EMSSERLEC/22

Applications are invited for:-
Department of Mathematics
Professor / Associate Professor / Assistant Professor
(Ref. 1516/024(576)/2)
The Department invites applications from outstanding candidates in the fi elds of PDE 
and optimization. Priority will be given to applicants with proven track record in PDE.  
Applicants with less experience in PDE and optimization will also be considered.   
Applicants should have a relevant PhD degree and an outstanding profi le in research 
and teaching.  
Appointment will normally be made on contract basis for up to three years initially 
commencing August 2016, which, subject to mutual agreement, may lead to longer-
term appointment or substantiation later.  
Applications will be accepted until the post is fi lled.
Salary and Fringe Benefi ts
Salary will be highly competitive, commensurate with qualifi cations and experience. 
The University offers a comprehensive fringe benefi t package, including medical 
care, plus a contract-end gratuity for an appointment of two years or longer and 
housing benefi ts for eligible appointee.  Further information about the University 
and the general terms of service for appointments is available at https://www2.per.
cuhk.edu.hk/.  The terms mentioned herein are for reference only and are subject 
to revision by the University.
Application Procedure
Application forms are obtainable (a) at https://www2.per.cuhk.edu.hk/, or (b) in 
person/by mail with a stamped, self-addressed envelope from the Personnel Offi ce, 
The Chinese University of Hong Kong, Shatin, Hong Kong.
Please send the completed application form and/or full curriculum vitae, together 
with copies of qualifi cation documents, a publication list and/or abstracts of selected 
published papers, and names, addresses and fax numbers/e-mail addresses of 
three referees to whom the applicants’ consent has been given for their providing 
references (unless otherwise specifi ed), to the Personnel Offi ce by post or by fax 
to (852) 3942 0947.
Please quote the reference number and mark ‘Application – Confi dential’ on cover. 
The Personal Information Collection Statement will be provided upon request.
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Suggested uses for classified advertising are positions available, books or lecture notes for sale, books being sought, exchange or rental of houses, 
and typing services. The publisher reserves the right to reject any advertising not in keeping with the publication's standards. Acceptance shall not be 
construed as approval of the accuracy or the legality of any advertising.
The 2015 rate is $3.50 per word with a minimum two-line headline. No discounts for multiple ads or the same ad in consecutive issues. For an additional 
$10 charge, announcements can be placed anonymously. Correspondence will be forwarded.
Advertisements in the “Positions Available” classified section will be set with a minimum one-line headline, consisting of the institution name above 
body copy, unless additional headline copy is specified by the advertiser. Headlines will be centered in boldface at no extra charge. Ads will appear in the 
language in which they are submitted.
There are no member discounts for classified ads. Dictation over the telephone will not be accepted for classified ads.
Upcoming deadlines for classified advertising are as follows:  March 2016—January 1, 2016; April 2016—January 29, 2016; May 2016—March 2, 2016; 
June/July 2016—April 29, 2016; August 2016—May 30, 2016; September 2016—June 28, 2016; October 2016—July 29, 2015; November 2016—August 
29, 2016; December 2016—September 29, 2016.
US laws prohibit discrimination in employment on the basis of color, age, sex, race, religion, or national origin. “Positions Available” advertisements 
from institutions outside the US cannot be published unless they are accompanied by a statement that the institution does not discriminate on these 
grounds whether or not it is subject to US laws. Details and specific wording may be found on page 1373 (vol. 44).
Situations wanted advertisements from involuntarily unemployed mathematicians are accepted under certain conditions for free publication. Call 
toll-free 800-321-4AMS (321-4267) in the US and Canada or 401-455-4084 worldwide for further information.
Submission: Promotions Department, AMS, P.O. Box 6248, Providence, Rhode Island 02904; or via fax: 401-331-3842; or send email to classads@ams.org. 
AMS location for express delivery packages is 201 Charles Street, Providence, Rhode Island 02904. Advertisers will be billed upon publication.
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BULGARIA

AMERICAN UNIVERSITY 
BULGARIA (AUBG) 

Department of Mathematics and 
Sciences 

Assistant Professor in Mathematics

The Department of Mathematics and Sci-
ences at the American University in Bul-
garia (AUBG) is searching for a qualified 
candidate for the position of Assistant 
Professor in Mathematics. This is a regu-
lar, full-time three year renewable position 
starting fall 2016. 

The successful candidate will be teach-
ing six undergraduate courses in Math-
ematics per academic year. Initially most 
of the taught courses will be general 
educational courses and their choice will 
depend on the needs of the department. 
Other duties include publishing research 
papers in international peer-reviewed ven-
ues; advising students regarding gradua-
tion and other academic issues; participat-
ing in University and Faculty committees 
and actively taking part in the Depart-
ment’s administrative duties and affairs. 

The successful candidate should be 
an early career academic and should pos-
sess the following:
(a) A recently obtained PhD in Mathemat-

ics from an accredited institution;
(b) Education or/and degree obtained in 
English-speaking institutions;
(a) Experience in teaching (or tutoring) in 
English a variety of introductory under-
graduate courses in Mathematics;
(b) Evidences of a successful start of their 
research and a strong potential to perform 
active research on a good international 
level;
(c) Experience with the American liberal 
arts-style education;
(d) Interest in working with colleagues to 
develop an outstanding university;
(e) A collegial disposition and qualities to 
work in a team.

All of the above requirements are 
essential. The AUBG is a private American-
style liberal arts university established 
in 1991. We are a selective, residential 
institution with a diverse student body 
consisting of over 1,100 students from 
forty nationalities. More information  
can be found on www.aubg.edu.

To apply, candidates should email 
their CV, a cover letter explain- 
ing how they meet the above require- 
ments and two letters of recommenda-
tion to email: mathematics@aubg.edu. 
Further materials may be requested at a 
later date. The review of all applications 
will start on January 30 and will continue 
until the position is filled.

000008

PUBLICATIONS FOR SALE

DIFFERENTIAL EQUATIONS 

AND POLYNOMIALS, VOLUME 1 

By Dr. Mehran Basti

Solving equations are viewed within the 

polynomial-Riccati DNA structures (on 

a CD).

Infinity Publishing and Major Online 

Bookstores.

000006

DIFFERENTIAL EQUATIONS 

AND POLYNOMIALS, VOLUME 2 

By Dr. Mehran Basti

Solving systems of differential equations 

(On a CD).

The method will be as powerful as Isaac 

Newton’s gravitational formula.

Infinity Publishing and Major Online 

Bookstores.

000007

http://www.aubg.edu
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 ––––––––  2016  ––––––––
March 5-–6 Athens, Georgia p. 212

March 19–20 Stony Brook, New York p. 213

April 9–10 Salt Lake City, Utah p. 214

April 16–17 Fargo, North Dakota p. 215

September 24-–25 Brunswick, Maine p. 218

October 8–9 Denver, Colorado p. 218

October 28–30 Minneapolis, Minnesota p. 219

November 12–13 Raleigh, North Carolina p. 219

 ––––––––  2017  ––––––––
January 4–7 Atlanta, Georgia p. 220

March 10–12 Charleston, South Carolina  p. 220

April 1–2 Bloomington, Indiana p. 221

April 22–23 Pullman, Washington p. 221

May 6–7 New York, New York p. 221

July 24–28 Montréal, Quebec, Canada p. 221

September 16–17 Buffalo, New York p. 221

September 23–24 Orlando, Florida p. 222

November 4–5 Riverside, California p. 222

MEETINGS IN THIS ISSUE

Central Section: Georgia Benkart, University of Wisconsin-
Madison, Department of Mathematics, 480 Lincoln Drive, 
Madison, WI 53706-1388; e-mail: benkart@math.wisc.edu; 
telephone: 608-263-4283.

Eastern Section: Steven H. Weintraub, Department of Math-
ematics, Lehigh University, Bethlehem, PA 18015-3174; e-mail: 
steve.weintraub@lehigh.edu; telephone: 610-758-3717.

Southeastern Section: Brian D. Boe, Department of Mathemat-
ics, University of Georgia, 220 D W Brooks Drive, Athens, GA 
30602-7403, e-mail: brian@math.uga.edu; telephone: 706-
542-2547.

Western Section: Michel L. Lapidus, Department of Mathemat-
ics, University of California, Surge Bldg., Riverside, CA 92521-
0135; e-mail: lapidus@math.ucr.edu; telephone: 951-827-5910.

The Meetings and Conferences section of 
the Notices gives information on all AMS 
meetings and conferences approved by 
press time for this issue. Please refer to 
the page numbers cited on this page for 
more detailed information on each event. 

Invited Speakers and Special Sessions are 
listed as soon as they are approved by the 
cognizant program committee; the codes 
listed are needed for electronic abstract 
submission. For some meetings the list 
may be incomplete. Information in this 
issue may be dated. 

The most up-to-date meeting and confer-
ence information can be found online at: 
www.ams.org/meetings/.

Important Information About AMS 
Meet ings :  Potent i a l  o rgan izers , 
speakers, and hosts should refer to 
page 200 in the February 2015 issue 
of the Notices for general information 
regarding participation in AMS meetings 
and conferences.

Abstracts: Speakers should submit ab-
stracts on the easy-to-use interactive 
Web form No knowledge of  L

ATEX is nec-

essary to submit an electronic form, 
although those who us  LATEX may submit 
abstracts with such coding, and all math 
displays and similarily coded material 
(such as accent marks in text) must 
be typeset in LATEX. Visit www.ams.org/
cgi-bin/abstracts/abstract .pl . Ques-
tions about abstracts may be sent to abs-
info@ams.org. Close attention should be 
paid to specified deadlines in this issue. 
Unfortunately, late abstracts cannot be 
accommodated.

ASSOCIATE SECRETARIES OF THE AMS

See www.ams.org/meetings/ for the most up-to-date information on these conferences.

 ––––––––  2018  ––––––––

January 10–13 San Diego, California p. 222

 ––––––––  2019  ––––––––

January 16–19 Baltimore, Maryland p. 222

 ––––––––  2020  ––––––––

January 15–18 Denver, Colorado p. 222

 ––––––––  2021  ––––––––

January 6–9 Washington, DC p. 223

Conferences in Cooperation with the AMS

February 11–15, 2016: 2016 Annual Meeting of AAAS, 

Washington, DC

http://www.ams.org/meetings/
http://www.ams.org/cgi-bin/abstracts/abstract.pl
http://www.ams.org/cgi-bin/abstracts/abstract.pl
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Athens, Georgia
University of Georgia

March 5–6, 2016

Saturday – Sunday

Meeting #1117

Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: January 2016
Program first available on AMS website: To be announced
Issue of Abstracts: Volume 37, Issue 2

Deadlines

For organizers: Expired
For abstracts: January 19, 2016

The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses

Michele Benzi, Emory University, Title to be announced.
Frank Garvan, University of Florida, Title to be an-

nounced.
William Graham, University of Georgia, Title to be an-

nounced.

Special Sessions
If you are volunteering to speak in a Special Session, you 
should send your abstract as early as possible via the ab-
stract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.

Active Learning in Undergraduate Mathematics (Code: 
SS 22A), Darryl Chamberlain, Jr, Aubrey Kemp, Leslie 
Meadows, Harrison Stalvey, and Draga Vidakovic, Geor-
gia State University.

Algebraic Structures in Knot Theory (Code: SS 5A), 
Sam Nelson, Claremont McKenna College, and Mohamed 
Elhamdadi, University of South Florida.

Algebraic Structures in Mathematical Physics: Lie Al-
gebras, Vertex Algebras, Quantum Algebras (Code: SS 
19A), Iana I. Anguelova, College of Charleston, and Bojko 
Bakalov, North Carolina State University.

Algebraic and Combinatorial Methods in Mathematical 
Biology (Code: SS 25A), Elena Dimitrova and Svetlana 
Poznanovic, Clemson University.

Bioinformatics and Molecular Biology: Dynamic Models, 
Structural Analysis, and Computational Methods (Code: SS 
26A), Christine Heitsch, Chi-Jen Wang, and Haomin Zhou, 
Georgia Institute of Technology.

Combinatorial and Computational Algebra (Code: SS 
7A), Huy Tai Ha, Tulane University, Kuei-Nan Lin, Penn 
State Greater Allegheny, and Augustine O’Keefe, Con-
necticut College.

Commutative Algebra (Code: SS 6A), Jon F. Carlson, 
University of Georgia, and Andrew Kustin, University of 
South Carolina.

Meetings & Conferences 
of the AMS

IMPORTANT INFORMATION REGARDING MEETINGS PROGRAMS: AMS Sectional Meeting programs do not appear 
in the print version of the Notices. However, comprehensive and continually updated meeting and program information 
with links to the abstract for each talk can be found on the AMS website. See www.ams.org/meetings/. 

Final programs for Sectional Meetings will be archived on the AMS website accessible from the stated URL .

http://www.ams.org/meetings/
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Discrete and Applied Algebraic Geometry (Code: SS 
18A), Cynthia Vinzant, North Carolina State University, 
and Josephine Yu, Georgia Institute of Technology.

Elliptic Curves (Code: SS 1A), Abbey Bourdon and Pete 
L. Clark, University of Georgia.

Experimental Mathematics (Code: SS 23A), Frank Gar-
van, University of Florida, and Andrew Sills, Georgia 
Southern University.

Financial Mathematics (Code: SS 27A), Arash Fahim and 
Alec Kercheval, Florida State University.

Harmonic Analysis and Applications (Code: SS 28A), 
Irina Holmes, Georgia Institute of Technology, and Brett 
D. Wick, Washington University.

Interactions Between Algebraic and Tropical Geometry 
(Code: SS 13A), Matthew Ballard, University of South 
Carolina, Noah Giansiracusa, University of Georgia, and 
Jesse Kass, University of South Carolina.

Invariant Measures of Dynamical Systems (Code: SS 
24A), Miaohua Jiang and Chris Johnson, Wake Forest 
University, and Martin Schmoll, Clemson University.

Lie Theory, Representation Theory, and Geometry (Code: 
SS 3A), Shrawan Kumar, University of North Carolina, and 
Daniel K. Nakano and Paul Sobaje, University of Georgia.

Low-dimensional Topology and Geometry (Code: SS 
15A), David Gay and Gordana Matic, University of Geor-
gia.

Mathematical Physics and Spectral Theory (Code: SS 
4A), Stephen Clark, Missouri University of Science and 
Technology, and Roger Nichols, The University of Ten-
nessee at Chattanooga.

Mathematics and Music (Code: SS 14A), Mariana Mon-
tiel, Georgia State University, and Robert Peck, Louisiana 
State University.

Moduli Spaces and Vector Bundles (Code: SS 8A), Patri-
cio Gallardo and Anna Kazanova, University of Georgia.

New Developments in Discrete and Intuitive Geometry 
(Dedicated to the 75th birthday of Wlodzimierz Kuperberg) 
(Code: SS 16A), Andras Bezdek, Auburn University, Oleg 
Musin, University of Texas at Brownsville, and Gabor 
Fejes Toth, Renyi Institute of Mathematics, Hungary 
(AMS-AAAS).

Numerical Methods and Scientific Computing (Code: 
SS 17A), Michele Benzi, Emory University, and Edmond 
Chow, Georgia Institute of Technology.

PDE Analysis in Fluid Flows (Code: SS 21A), Geng Chen, 
Ronghua Pan, and Yao Yao, Georgia Institute of Technol-
ogy.

Probabilistic and Analytic Tools in Convexity (Code: SS 
2A), Joseph Fu, University of Georgia, Galyna Livshyts, 
Georgia Institute of Technology, and Elisabeth Werner, 
Case Western Reserve University.

Sharp Estimates and Bellman Functions in Harmonic 
Analysis (Code: SS 29A), Kabe Moen, University of Ala-
bama, Leonid Slavin, University of Cincinnati, and Alex 
Stokolos, Georgia Southern University.

Symplectic and Contact Geometry (Code: SS 20A), Yi Lin 
and Stefan Müller, Georgia Southern University, Michael 
Usher, University of Georgia, and François Ziegler, Geor-
gia Southern University.

The Combinatorics of Symmetric Functions (Code: SS 
9A), Sarah K. Mason, Wake Forest University, and Eliza-
beth Niese, Marshall University.

Theory and Applications of Graphs (Code: SS 12A), 
Colton Magnant and Hua Wang, Georgia Southern Uni-
versity.

Topics in Graph Theory (Code: SS 11A), Guantao Chen, 
Georgia State University, and Songling Shan, Vanderbilt 
University.

Topology and Dynamical Systems (Code: SS 10A), Al-
exander Blokh, University of Alabama at Birmingham, 
Krystyna Kuperberg, Auburn University, and John 
Mayer and Lex Oversteegen, University of Alabama at 
Birmingham.

Stony Brook, New 
York
State University of New York at Stony 
Brook

March 19–20, 2016
Saturday – Sunday

Meeting #1118
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: January 2016
Program first available on AMS website: To be announced
Issue of Abstracts: Volume 37, Issue 2

Deadlines
For organizers: Expired
For abstracts: February 2, 2016

The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Simon Donaldson, Stony Brook University, Survey of 

progress and problems on manifolds with G_2 holonomy.
Dmitry Kleinbock, Brandeis University, Homogeneous 

Dynamics and Intrinsic Approximation.
Irena Lasiecka, University of Memphis, Mathematical 

theory of PDE-dynamics arising in fluid/flow-structure 
interactions.

Special Sessions
If you are volunteering to speak in a Special Session, you 
should send your abstract as early as possible via the ab-
stract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.

Analysis, Probability and Mathematical Physics on 
Fractals (Code: SS 10A), Joe P. Chen and Luke Rogers, 
University of Connecticut, Robert Strichartz, Cornell 
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University, and Alexander Teplyaev, University of Con-
necticut.

Commutative Ring Theory (Code: SS 7A), Alan Loper, 
Ohio State University, and Nick Werner, State University 
of New York at Old Westbury.

Complex Geometric Analysis (Code: SS 11A), Xiuxiong 
Chen, Stony Brook University, Weiyong He, University of 
Oregon, and Ioana Suvaina, Vanderbilt University.

Evolution of Partial Differential Equations and their 
Control (Code: SS 15A), George Avalos, University of 
Nebraska, and Irena Lasiecka and Roberto Triggiani, 
University of Memphis.

G_2 Geometry (Code: SS 9A), Sergey Grigorian, Univer-
sity of Texas, Rio Grande Valley, Sema Salur, University 
of Rochester, and Albert J. Todd, University of South 
Alabama.

Geometric Measure Theory and Its Applications (Code: 
SS 2A), Matthew Badger, University of Connecticut, and 
Christopher J. Bishop and Raanan Schul, Stony Brook 
University.

Graph Vulnerability Parameters and their Role in Net-
work Analysis (Code: SS 16A), Michael Yatauro, Pennsyl-
vania State University-Brandywine.

Holomorphic Dynamics (Code: SS 4A), Artem Dudko 
and Raluca Tanase, Stony Brook University.

Homogeneous Dynamics and Related Topics (Code: SS 
12A), Dmitry Kleinbock, Brandeis University, and Han Li, 
Wesleyan University.

Invariants of Closed Curves on Surfaces (Code: SS 1A), 
Ara Basmajian, Hunter College and Graduate Center, City 
University of New York, and Moira Chas, Stony Brook 
University.

Mathematical General Relativity (Code: SS 3A), Lan-
Hsuan Huang, University of Connecticut, Marcus Khuri, 
Stony Brook University, and Christina Sormani, Lehman 
College and City University of New York Graduate Center.

Mathematicians in Mathematics Education (Code: SS 
8A), Lisa Berger, Stony Brook University, and Melkana 
Brakalova, Fordham University.

PDE Methods in Geometric Flows (Code: SS 5A), Mihai 
Bailesteanu, Central Connecticut State University, and 
Andrew Cooper, North Carolina State University.

Teichmüller Theory and Related Topics (Code: SS 6A), 
Sudeb Mitra and Dragomir Saric, Queens College of the 
City University of New York and City University of New 
York Graduate Center.

Topology and Combinatorics of Arrangements (in honor 
of Mike Falk) (Code: SS 14A), Daniel C. Cohen, Louisiana 
State University, and Alexander I. Suciu, Northeastern 
University.

Vertex Algebra and Related Algebraic and Geometric 
Structures (Code: SS 13A), Katrina Barron, University of 
Notre Dame, Antun Milas, State University of New York 
at Albany, and Jinwei Yang, University of Notre Dame.

Salt Lake City, Utah
University of Utah

April 9–10, 2016
Saturday – Sunday

Meeting #1119
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: January 2016
Program first available on AMS website: To be announced
Issue of Abstracts: Volume 37, Issue 2

Deadlines
For organizers: Expired
For abstracts: February 16, 2016

The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Daniel Bump, Stanford University, From Whittaker 

Functions to Quantum Groups.
James McKernan, University of California, San Diego, 

Classification of algebraic varieties.
Ravi Vakil, Stanford University, Cutting and pasting in 

algebraic geometry (Erdős Memorial Lecture).
Stephanie van Willigenburg, University of British Co-

lumbia, An introduction to quasisymmetric Schur functions.

Special Sessions
If you are volunteering to speak in a Special Session, you 
should send your abstract as early as possible via the ab-
stract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.

Algebraic Combinatorics (Code: SS 5A), Susanna Fishel, 
Arizona State University, Edward Richmond, Oklahoma 
State University, and Stephanie van Willigenburg, Univer-
sity of British Columbia.

Algebraic Geometry (association with the Erdős Lec-
ture by Ravi Vakil) (Code: SS 1A), Ravi Vakil, Stanford 
University, and Christopher Hacon and Karl Schwede, 
University of Utah.

Automorphic Forms, Combinatorics and Representation 
Theory (Code: SS 6A), Anna Puskás, University of Alberta, 
Daniel Bump, Stanford University, Paul Gunnells, Univer-
sity of Massachusetts Amherst, and Solomon Friedberg, 
Boston College.

CR Geometry and Partial Differential Equations in 
Complex Analysis (Code: SS 4A), Yuan Yuan, Syracuse 
University, and Yuan Zhang, Indiana University-Purdue 
University Fort Wayne.

Combinatorial and Computational Commutative  
Algebra and Algebraic Geometry (Code: SS 10A), Hiro-
tachi Abo, University of Idaho, Zach Teitler, Boise State  
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University, Jim Wolper, Idaho State University, and Alex 
Woo, University of Idaho.

Commutative Algebra (Code: SS 7A), Adam Boocher 
and Linquan Ma, University of Utah.

Descriptive Set Theory and its Applications (Code: SS 
9A), Christian Rosendal, University of Illinois at Chicago, 
and Alexander Kechris, California Institute of Technology.

Ergodic Theory and Dynamical Systems (Code: SS 14A), 
Jon Chaika and Yiannis Konstantoulas, University of 
Utah.

Extremal Problems in Graph Theory (Code: SS 8A), 
Andre Kundgen and Mike Picollelli, California State Uni-
versity San Marcos.

Fusion Categories and Topological Phases of Matter 
(Code: SS 11A), Paul Bruillard, Pacific Northwest National 
Laboratory, and Julia Plavnik, Texas A&M University.

Infinite Dimensional and Stochastic Dynamical Systems 
(Code: SS 15A), Peter W. Bates, Michigan State University, 
and Kening Lu, Brigham Young University.

Inverse Problems (Code: SS 2A), Hanna Makaruk, Los 
Alamos National Laboratory (LANL), and Robert Owcza-
rek, University of New Mexico, Albuquerque and UNM, 
Los Alamos.

Representations of Reductive p-adic Groups (Code: SS 
3A), Shiang Tang and Gordan Savin, University of Utah.

Structure and Emergent Properties of Biological Net-
works (Code: SS 16A), Fred Adler, Katrina Johnson, Anna 
Miller, and Laura Strube, University of Utah.

Topics in Probability (Code: SS 13A), Tom Alberts and 
Arjun Krishnan, University of Utah.

Topics in Stochastic Partial Differential Equations (Code: 
SS 12A), Jingyu Huang and Davar Khosnevisan, Univer-
sity of Utah.

Fargo, North Dakota
North Dakota State University

April 16–17, 2016
Saturday – Sunday

 
Meeting #1120
Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: February 2016
Program first available on AMS website: February 11, 2015
Issue of Abstracts: Volume 37, Issue 2

Deadlines
For organizers: Expired
For abstracts: February 23, 2016

The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Rodrigo Banuelos, Purdue University, Title to be an-

nounced.

Laura Matusevich, Texas A&M University, Title to be 
announced.

Jeff Viaclovsky, University of Wisconsin-Madison, Title 
to be announced.

Special Sessions
If you are volunteering to speak in a Special Session, you 
should send your abstract as early as possible via the ab-
stract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.

Algebraic and Geometric Combinatorics (Code: SS 16A), 
Kevin Dilks and Jessica Striker, North Dakota State Uni-
versity.

Applications of Microlocal Analysis: Eigenfunctions and 
Dispersive PDE) (Code: SS 20A), Hans Christianson and 
Jason Metcalfe, University of North Carolina.

Combinatorial Ideals and Applications (Code: SS 10A), 
Laura Matusevich and Christopher O'Neill, Texas A&M 
University.

Commutative Algebra and Its Interactions with Com-
binatorics and Algebraic Geometry (Code: SS 4A), Susan 
Cooper, North Dakota State University, and Adam Van 
Tuyl, McMaster University.

Commutative Ring Theory (Code: SS 6A), Catalin Ci-
uperca and Sean Sather-Wagstaff, North Dakota State 
University.

Contemporary Issues in Mathematics Education (Code: 
SS 8A), Abraham Ayebo, North Dakota State University.

Convexity and Harmonic Analysis (Code: SS 2A), Maria 
Alfonseca-Cubero, North Dakota State University, and 
Dmitry Ryabogin, Kent State University.

Discrete Probability (Code: SS 9A), Jonathon Peterson, 
Purdue University, and Arnab Sen, University of Min-
nesota.

Dynamics, Inverse Semigroups, and Operator Algebras 
(Code: SS 15A), Benton Duncan, North Dakota State Uni-
versity, and David Pitts, University of Nebraska-Lincoln.

Ergodic Theory and Dynamical Systems (Code: SS 1A), 
Dogan Comez, North Dakota State University, and Mrinal 
Kanti Roychowdhury, University of Texas Rio Grand 
Valley.

Extremal Graph Theory (Code: SS 13A), Michael Ferrara 
and Stephen Hartke, University of Colorado Denver.

Frames, Harmonic Analysis, and Operator Theory (Code: 
SS 7A), Gabriel Picioroaga, University of South Dakota, 
and Eric Weber, Iowa State University.

Frames, Wavelets and Gabor Systems (Code: SS 11A), 
Yeonhyang Kim and Sivaram K. Narayan, Central Michi-
gan University.

Integrable Dynamical Systems and Special Functions 
(Code: SS 5A), Oksana Bihun, University of Colorado, 
Colorado Springs.

Interactions with Algebraic Geometry (Code: SS 19A), 
Julie Rana and Kaisa Taipale, University of Minnesota.

Low Dimensional and Symplectic Topology (Code: SS 
12A), Anar Akhmedov, University of Minnesota, and Josef 
G. Dorfmeister, North Dakota State University.

Mathematical Finance (Code: SS 3A), Indranil SenGupta, 
North Dakota State University.
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Matrix and Operator Theory (Code: SS 14A), Shaun Fal-
lat and Douglas Farenick, University of Regina.

Probabilistic and Extremal Combinatorics (Code: SS 
17A), Jonathan Cutler, and Jamie Radcliffe, University 
of Nebraska-Lincoln.

Probability and Complex Analysis Inspired by Schramm 
and Loewner (Code: SS 21A), Michael Kozdron, University 
of Regina.

Topological and Smooth Dynamics (Code: SS 18A), 
Azer Akhmedov and Michael Cohen, North Dakota State 
University.

Session for Contributed Talks 
There also will be a session for 10-minute contributed 
talks. Please see the abstracts submission form at www.
ams.org/cgi-bin/abstracts/abstract.pl. The dead-
line for all abstracts submissions is February 2, 2016.

Poster Session
The Mathematics Department at North Dakota State 
University is hosting a poster session at the Spring 2016 
AMS Central Sectional Meeting. Space is limited, and pri-
ority will be given to graduate students and early-career 
researchers who are not otherwise presenting at the 
meeting. However, anyone is welcome to submit to the 
poster session. The deadline for submission is March 
7, 2016, and decisions will be made by March 11. Please 
submit poster proposals at https://docs.google.com/
forms/d/1qIrJpvKkahgopTZ0pKwq6vDnQIT7kMZCjUL
H8Ld_jAs/viewform?c=0&w=1. Questions should be 
directed to Dr. María de los Ángeles Alfonseca-Cubero 
(maria.alfonseca@ndsu.edu).

Accommodations
Participants should make their own arrangements directly 
with the hotel of their choice. Special discounted rates 
were negotiated with the hotels listed below. Other hotels 
for this meeting may be added to the AMS website; check 
www.ams.org/meetings/sectional/sectional.html 
for more information. Rates quoted do not include hotel 
tax of 11%. Participants must state that they are with the 
American Mathematical Society (AMS) Math Meeting at 
North Dakota State University to receive the discounted 
rates. The AMS is not responsible for rate changes or for 
the quality of the accommodations. Hotels have varying 
cancellation and early check-out penalties; be sure to ask 
for details when you make your reservation. 

Candlewood Suites Fargo—North Dakota State Univer-
sity, 2021 16th Street North, Fargo, ND 58102; 701-235-
8200 (phone); 701-235-8201 (fax); www.ihg.com/candle-
wood/hotels/us/en/fargo/farcw/hoteldetail. It is 
about 1.1 miles from the meeting site. Rates are US$105 
(studio), $115 (studio double), $125 (double queen), $135 
(1 bedroom suite) + tax per room. Check-in time is 3:00 
pm and check-out time is 12:00 pm. The deadline for 
reservations at the above rate is March 25, 2016. 

Radisson Hotel Fargo, 201 5th St N, Fargo, ND 58102; 
701-232-7363 (phone), 701-232-8039 (fax). www.radisson-
fargo.com. It is about a 1.6 mile drive from the meeting site. 
Rates are US$134 + tax per room, per night; with 1 king 

or 2 queen beds. Check-in time is 3:00 pm and check-out 
time is 12:00 pm. The deadline for reservations at the 
above rate is March 15, 2016.

Days Inn & Suites Fargo, 1507 19th Ave N, Fargo, ND 
58102; 701-232-0000 (phone); 701-237-4464 (fax); bit.
ly/1RFsB96. It is about 1.8 miles from the meeting site. 
Rates are US$89 + tax per room, per night; with 1 queen 
or 2 doublebeds. Check-in time is 3:00 pm and check-out 
time is 11:00 am. The deadline for reservations at the 
above rate is March 26, 2016.

Homewood Suites Hilton Fargo, 2021 16th Street 
North, Fargo, ND 58102; 701-235-3150 (phone); 701-235-
3270 (fax); bit.ly/1maRiym. It is about 2.2 miles to the 
meeting site. Rates are US$94 (studio king), $99 (one 
bedroom king), $109 (double queen) + tax per room, per 
night. Check-in time is 3:00 pm and check-out time is 12:00 
pm. The deadline for reservations at the above rate is 
March 25, 2016.

Food Services
On Campus: North Dakota State University offers dozens 
of dining options within walking distance. Please visit 
www.ndsu.edu/dining/dining_locations for details.

Residence Dining Center, https://www.ndsu.edu/
dining/residence_dining_center/ for details, and 
select the dining options on the interactive map.

Spicy Pie, 1414 12th Ave N, Fargo, ND 58102, www.
pizzagrindersbeer.com

Jimmy John’s, 1414 12th Ave N, Fargo, ND 58102, 
www.jimmyjohns.com

Herd and Horns, 1414 12th Ave N, Fargo, ND 58102, 
www.herdandhorns.com

Bison Turf, 1211 N University Dr, Fargo, ND 58102, 
www.thebisonturfnd.com

Off Campus: There are many dining choices for casual 
dining and "grab and go" options convenient to campus. 

Applebees, 2001 16th St N, Fargo, ND 58102, www.
applebees.com 

Buffalo Wild Wings, 1515 19th Ave N, Fargo, ND 
58102, www.buffalowildwings.com

Labby’s Grill and Bar, 1100 19th Ave N, Fargo, ND 
58102, www.labbys.com

Burger King, 1333 19th Avenue, Fargo, ND 58102, 
www.bk.com

McDonalds, 1220 19th Ave N, Fargo, ND 58102, www.
mcdonalds.com/us/en/home.html 

Pizza Hut, 1207 19th Ave N, Fargo, ND 58102, 
order.pizzahut.com/home

Registration and Meeting Information
Advanced Registration

Advanced registration for this meeting will open Janu-
ary 25, 2016. Fees will be US$57 for AMS members, US$80 
for nonmembers; and US$5 for students, unemployed 
mathematicians, and emeritus members. 
On-site Information and Registration

Registration, the book exhibit, and Invited Addresses 
will be located in Minard Hall. The registration desk will be 
open on Saturday, April 16, 7:30 am–4:00 pm and Sunday, 
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April 17, 8:00 am–noon. Fees are the same as advanced 
registration and will be payable on-site via cash, check, 
or credit card.

Special Sessions will take place in Agricultural and Bio-
systems Engineering, Minard Hall, Morrill Hall, and South 
Engineering buildings.

Special Needs
It is the goal of the AMS to ensure that its conferences are 
accessible to all, regardless of disability. The AMS shall 
strive, unless it is not practicable, to choose venues that 
are fully accessible to the physically handicapped.

If special needs accommodations are necessary in order 
for you to participate in an AMS Sectional Meeting, please 
communicate your needs in advanced to the AMS Meetings 
Department by:

- Registering early for the meeting
- Checking the appropriate box on the registration form
- Sending an email request to the AMS Meetings Depart-

ment at mmsb@ams.org or meet@ams.org.

AMS Policy on a Welcoming Environment
The AMS strives to ensure that participants in its activities 
enjoy a welcoming environment. In all its activities, the 
AMS seeks to foster an atmosphere that encourages the 
free expression and exchange of ideas. The AMS supports 
equality of opportunity and treatment for all participants, 
regardless of gender, gender identity or expression, race, 
color, national or ethnic origin, religion or religious be-
lief, age, marital status, sexual orientation, disabilities, or 
veteran status.
More details about this policy and how to address ques-
tions and/or make reports is posted at www.ams.org/
about-us/governance/policy-statements/welcom-
ing-environment-policy.

Other Activities
Book Sales: Stop by the on-site AMS bookstore to review 

our newest publications and take advantage of exhibit 
discounts and free shipping on all on-site orders! AMS 
members receive 40% off list price. Nonmembers receive a 
25% discount. Not a member? Ask a representative about 
the benefits of AMS membership. Complimentary coffee 
will be served courtesy of AMS Membership Services.

AMS Editorial Activity: An acquisitions editor from the 
AMS book program will be present to speak with prospec-
tive authors. If you have a book project that you wish to 
discuss with the AMS, please stop by the book exhibit.

Parking
Parking is available on-site, with T lot (closest to the 
meeting buildings), W8 on the campus map. Additional 
parking will be available in Visitor’s lot E (P10). Parking 
fees are not enforced during the weekends. The parking 
map is available: www.ndsu.edu/fileadmin/parking/
NDSU_Parking_lots_map_15-16.pdf.

Travel
Airport: You should plan to fly into Hector International 

Airport (FAR); see www.fargoairport.com for details. 
The airport is located 2 miles from the campus. There are 
car rental facilities next to the luggage claim for those par-
ticipants who wish to have their own vehicle. A taxi ride from 
the airport to Minard Hall costs about $10 (without gratuity).

Train: Amtrak operates a major station in Fargo; the 
station is a short trip from downtown Fargo, 420 4th Street 
North. For information about Amtrak, please visit their 
website here: www.amtrak.com.

Car Rental: Hertz is the official car rental company for 
the meeting. To make a reservation accessing our special 
meeting rates online at www.hertz.com, click on the box “I 
have a discount”, and type in our convention number (CV): 
04N30006. You can also call Hertz directly at 800-654-2240 
(US and Canada) or 1-405-749-4434 (other countries). At the 
time of reservation, the meeting rates will be automatically 
compared to other Hertz rates and you will be quoted the 
best comparable rate available.

Driving to NDSU: Please use your favorite travel web-
site for the best advice on driving to campus. The main 
address of the campus is 1340 Administration Ave., Fargo, 
ND 58102. The address for Minard Hall is 1210 Albrecht 
Boulevard, Fargo, ND 58102.

Taxi Service: Doyle's Yellow Checker Cab, 701-235-
5535; Fargo Metro Taxi, 701-799-8645; FM Taxi, 701-
353-2222; GoCab Taxi, 218-304-1652; Lucky 7 Taxi, (701)
235-1717.

Bus Service: On Saturday regular bus service is avail-
able connecting NDSU with downtown, see www.matbus. 
com (the trip takes approximately 20 minutes, current fare 
is $1.50 one way). In downtown, parking on the streets (in 
designated areas) is free with time restrictions on week-
days. There are also a number of pay parking lots.

Weather
During the month of April the average high temperature is 
in the 60s, the average low temperature is in the mid-30s 
and there is very little rainfall.

Information for International Participants
Visa regulations are continually changing for travel to the 
United States. Visa applications may take from three to 
four months to process and require a personal interview, 
as well as specific personal information. International 
participants should view the important information about 
traveling to the US found at travel.state.gov/
conteny/visas/english.html 
and travel.state.gov/content/visas/english/
general/all-visa-categories.html. If you need a 
preliminary conference invitation in order to secure a 
visa, please send your re-quest to aba@ams.org. 

If you discover you do need a visa, the National Acad-
emies website (see above) provides these tips for success-
ful visa applications: 

* Visa applicants are expected to provide evidence that 
they are intending to return to their country of residence. 
Therefore, applicants should provide proof of “binding” 
or sufficient ties to their home country or permanent 
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residence abroad. This may include documentation of 
the following: 

- family ties in home country or country of legal per-
manent residence 

- property ownership 
- bank accounts 
- employment contract or statement from employer 

stating that the position will continue when the employee 
returns; 

* Visa applications are more likely to be successful if 
done in a visitor's home country than in a third country; 

* Applicants should present their entire trip itinerary, 
including travel to any countries other than the United 
States, at the time of their visa application; 

* Include a letter of invitation from the meeting orga-
nizer or the US host, specifying the subject, location and 
dates of the activity, and how travel and local expenses 
will be covered; 

* If travel plans will depend on early approval of the 
visa application, specify this at the time of the application; 

* Provide proof of professional scientific and/or 
educational status (students should provide a university 
transcript). 

This list is not to be considered complete. Please visit 
the websites above for the most up-to-date information.

Social Networking
Participants and speakers are encouraged to tweet about 
the meeting using the hashtag #AMSmtg.

Brunswick, Maine
Bowdoin College

September 24–25, 2016
Saturday – Sunday

Meeting #1121
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: June 2016
Program first available on AMS website: To be announced
Issue of Abstracts: Volume 37, Issue 3

Deadlines
For organizers: February 24, 2016
For abstracts: July 19, 2016

The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Tim Austin, New York University, Title to be announced.
Moon Duchin, Tufts University, Title to be announced.
Thomas Lam, University of Michigan, Title to be an-

nounced.

Denver, Colorado
University of Denver

October 8–9, 2016
Saturday – Sunday

Meeting #1122
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: August 2016
Program first available on AMS website: To be announced
Issue of Abstracts: Volume 37, Issue 3

Deadlines
For organizers: March 8, 2016
For abstracts: August 16, 2016

The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Henry Cohn, Microsoft Research, New England, Title 

to be announced.
Ronny Hadani, University of Texas, Austin, Title to be 

announced.
Chelsea Walton, Temple University, Philadelphia, Title 

to be announced.

Special Sessions
If you are volunteering to speak in a Special Session, you 
should send your abstract as early as possible via the ab-
stract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.

Above and Beyond Fluid Flow studies: In celebration of 
the 60th birthday of Prof. William Layton (Code: SS 12A), 
Traian Iliescu, Virginia Polytechnic Institute and State 
University, Alexander Labovsky, Michigan Technological 
University, Monika Neda, University of Nevada, Las Vegas, 
and Leo Rebholz, Clemson University.

Algebraic Logic (Code: SS 1A), Nick Galatos, University 
of Denver, and Peter Jipsen, Chapman University.

Analysis on Graphs and Spectral Graph Theory (Code: 
SS 2A), Paul Horn and Mei Yin, University of Denver.

Nonassociative Algebra (Code: SS 3A), Izabella Stuhl, 
University of Debrecen and University of Denver, and Petr 
Vojtěchovský, University of Denver.

Noncommutative Geometry and Fundamental Applica-
tions (Code: SS 4A), Frederic Latremoliere, University of 
Denver.

Operator Algebras and Applications (Code: SS 5A), Al-
varo Arias, University of Denver.

Quantum Algebra (Code: SS 11A), Chelsea Walton, 
Temple University, Ellen Kirkman, Wake Forest University, 
and James Zhang, University of Washington, Seattle.
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Recent Trends in Semigroup Theory (Code: SS 6A), Mi-
chael Kinyon, University of Denver, and Ben Steinberg, 
City College of New York.

Set Theory of the Continuum (Code: SS 7A), Natasha 
Dobrinen and Daniel Hathaway, University of Denver.

Unimodularity in Randomly Generated Graphs (Code: 
SS 8A), Florian Sobieczky, University of Denver.

Vertex Algebras and Geometry (Code: SS 9A), Andrew 
Linshaw, University of Denver, and Thomas Creutzig, 
University of Alberta.

Zero Dimensional Dynamics (Code: SS 10A), Nic Ormes 
and Ronnie Pavlov, University of Denver.

Minneapolis, 
Minnesota
University of St. Thomas

October 28–30, 2016

Friday – Sunday

Meeting #1123

Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: August 2016
Program first available on AMS website: To be announced
Issue of Abstracts: Volume 37, Issue 4

Deadlines

For organizers: March 29, 2016
For abstracts: August 30, 2016

The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses

Thomas Nevins, University of Illinois Urbana-Cham-
paign, Title to be announced.

Charles Rezk, University of Illinois Urbana-Champaign, 
Title to be announced.

Christof Sparber, University of Illinois at Chicago, Title 
to be announced.

Samuel Stechmann, University of Wisconsin-Madison, 
Title to be announced.

Special Sessions

If you are volunteering to speak in a Special Session, you 
should send your abstract as early as possible via the ab-
stract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.

Geometric Flows, Integrable Systems and Moving Frames 
(Code: SS 2A), Joseph Benson, St. Olaf College, Gloria 
Mari-Beffa, University of Wisconsin-Madison, Peter Olver, 
University of Minnesota, and Rob Thompson, Carleton 
College.

Modeling and Predicting the Atmosphere, Oceans, and 
Climate (Code: SS 1A), Sam Stechmann, University of 
Wisconsin-Madison.

Raleigh, North 
Carolina
North Carolina State University at Raleigh

November 12–13, 2016
Saturday – Sunday

Meeting #1124
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: September 2016
Program first available on AMS website: To be announced
Issue of Abstracts: Volume 37, Issue 4

Deadlines
For organizers: April 12, 2016
For abstracts: September 13, 2016

The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Ricardo Cortez, Tulane University, Title to be an-

nounced.
Jason Metcalfe, University of North Carolina at Chapel 

Hill, Title to be announced.
Agnes Szanto, North Carolina State University, Title to 

be announced.

Special Sessions
If you are volunteering to speak in a Special Session, you 
should send your abstract as early as possible via the ab-
stract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.

Difference Equations and Applications (Code: SS 2A), 
Michael A. Radin, Rochester Institute of Technology, and 
Youssef Raffoul, University of Dayton.

Homological Methods in Commutative Algebra (Code: 
SS 1A), Alina Iacob and Saeed Nasseh, Georgia Southern 
University.

Mathematical String Theory (Code: SS 3A), Paul Aspini-
all, Duke University, Ilarion Melnikov, James Madison 
University, and Eric Sharpe, Virginia Tech.

Varieties, Their Fibrations and Automorphisms in 
Mathematical Physics and Arithmetic Geometry (Code: SS 
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4A), Jimmy Dillies and Enka Lakuriqi, Georgia Southern 
University, and Tony Shaska, Oakland University.

Atlanta, Georgia
Hyatt Regency Atlanta and Marriott  
Atlanta Marquis

January 4–7, 2017
Wednesday – Saturday

Meeting #1125
Joint Mathematics Meetings, including the 123rd Annual 
Meeting of the AMS, 100th Annual Meeting of the Math-
ematical Association of America, annual meetings of the 
Association for Women in Mathematics (AWM) and the 
National Association of Mathematicians (NAM), and the 
winter meeting of the Association of Symbolic Logic (ASL), 
with sessions contributed by the Society for Industrial and 
Applied Mathematics (SIAM).
Associate secretary: Brian D. Boe
Announcement issue of Notices: October 2016
Program first available on AMS website: To be announced
Issue of Abstracts: Volume 38, Issue 1

Deadlines
For organizers: April 1, 2016
For abstracts: To be announced

Call for Proposals 
Brian D. Boe, Associate Secretary responsible for the AMS 
program at the 2017 Joint Mathematics Meetings, solicits 
proposals for Special Sessions for this meeting (to be held 
from Wednesday, January 4 through Saturday, January 7, 
2017 in Atlanta, GA). Each proposal must include:

1. the name, affiliation, and e-mail address of each 
organizer, with one organizer designated as the contact 
person for all communication about the session; 

2. the title and a brief (two or three paragraphs) 
description of the topic of the proposed special session; 

3. a sample list of speakers (along with their institu-
tions) whom the organizers plan to invite. (It is not neces-
sary to have received confirmed commitments from these 
potential speakers.)

Organizers are strongly encouraged to consult the AMS 
Manual for Special Session Organizers at: www.ams.org/ 
meetings/meet-specialsessionmanual, especially sec-
tion 4.d, which describes speaker selection.

Proposals for AMS Special Sessions should be sent by 
e-mail to Prof. Boe (brian@math.uga.edu) and must be 
received by the deadline for organizers, April 1, 2016. 
Late proposals will not be considered [with the possible 
exception of special sessions explicitly associated with one 
of the plenary lectures/invited addresses at the meeting]. 
No decisions will be made on Special Session proposals 
until after the submission deadline has passed. 

Special Sessions will in general be allotted between 5 
and 10 hours in which to schedule speakers. To enable 

maximum movement of participants between sessions, 
organizers must schedule each speaker for either a) 
20-minute talk followed by 10-minute break; or b) 45-min-
ute talk followed by 15-minute break. Any combination of 
20-minute and 45-minute talks is permitted, but all talks 
should begin and end at the scheduled time. (In particular, 
all the talks should start on the hour or half-hour, except 
on the first afternoon when special sessions must begin 
at 2:15 pm and hence, talks will start on the quarter or 
third-quarter hour). 

There is a limited amount of space available for Special 
Sessions on the AMS program. Because of the large number 
of high-quality proposals expected, not all proposals may 
be accepted. Please be sure to submit as informative a 
proposal as possible for review by the Program Committee. 
It is expected that contact organizers will be notified by 
May 6, 2016 whether their proposals have been accepted.  
Specific additional instructions will then be given to the 
contact persons of the accepted special sessions, shortly 
after that deadline.

Charleston, South 
Carolina
College of Charleston

March 10–12, 2017
Friday – Sunday

Meeting #1126
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: November 10, 2016
For abstracts: To be announced
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Bloomington, Indiana
Indiana University

April 1–2, 2017
Saturday – Sunday

Meeting #1127
Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: To be announced
For abstracts: To be announced

Pullman, Washington
Washington State University

April 22–23, 2017
Saturday – Sunday

Meeting #1128
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: To be announced
For abstracts: To be announced

New York, New York
Hunter College, City University of New 
York

May 6–7, 2017
Saturday – Sunday

Meeting #1129
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: September 14, 2016
For abstracts: March 21, 2017

The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
James Maynard, Magdalen College, Title to be an-

nounced (AMS Erdős Memorial Lecture).

Special Sessions
If you are volunteering to speak in a Special Session, you 
should send your abstract as early as possible via the ab-
stract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.

Commutative Algebra (Code: SS 1A), Laura Ghezzi, 
New York City College of Technology-CUNY, and Jooyoun 
Hong, Southern Connecticut State University.

Recent Advances in Function Spaces, Operators and 
Nonlinear Differential Operators (Code: SS 2A), David 
Cruz-Uribe, University of Alabama, Jan Lang, The Ohio 
State University, and Osvaldo Mendez, University of Texas 
at El Paso.

Montréal, Quebec 
Canada
McGill University

July 24–28, 2017
Monday – Friday

Meeting #1130
The second Mathematical Congress of the Americas (MCA 
2017) is being hosted by the Canadian Mathematical Soci-
ety (CMS) in collaboration with the Pacific Institute for the 
Mathematical Sciences (PIMS), the Fields Institute (FIELDS), 
Le Centre de Recherches Mathématiques (CRM), and the 
Atlantic Association for Research in the Mathematical Sci-
ences (AARMS).
Associate secretary: Brian D. Boe
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: July 31, 2016
For abstracts: To be announced

Buffalo, New York
State University of New York at Buffalo

September 16–17, 2017
Saturday – Sunday
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced
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Deadlines
For organizers: February 14, 2017
For abstracts: To be announced

Orlando, Florida
University of Central Florida, Orlando

September 23–24, 2017
Saturday – Sunday
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: February 23, 2017
For abstracts: July 25, 2017

Riverside, California
University of California, Riverside

November 4–5, 2017
Saturday – Sunday
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: To be announced
For abstracts: To be announced

San Diego, California
San Diego Convention Center and San 
Diego Marriott Hotel and Marina

January 10–13, 2018
Wednesday – Saturday
Joint Mathematics Meetings, including the 124th Annual 
Meeting of the AMS, 101st Annual Meeting of the Math-
ematical Association of America (MAA), annual meetings 
of the Association for Women in Mathematics (AWM) and 
the National Association of Mathematicians (NAM), and the 
winter meeting of the Association of Symbolic Logic (ASL), 
with sessions contributed by the Society for Industrial and 
Applied Mathematics (SIAM).
Associate secretary: Georgia Benkart
Announcement issue of Notices: October 2017
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: April 1, 2017
For abstracts: To be announced

Baltimore, Maryland
Baltimore Convention Center, Hilton 
Baltimore, and Baltimore Marriott Inner 
Harbor Hotel

January 16–19, 2019
Wednesday – Saturday
Joint Mathematics Meetings, including the 125th Annual 
Meeting of the AMS, 102nd Annual Meeting of the Math-
ematical Association of America (MAA), annual meetings 
of the Association for Women in Mathematics (AWM)and 
the National Association of Mathematicians (NAM), and the 
winter meeting of the Association of Symbolic Logic (ASL), 
with sessions contributed by the Society for Industrial and 
Applied Mathematics (SIAM).
Associate secretary: Steven H. Weintraub 
Announcement issue of Notices: October 2018
Program first available on AMS website: To be announced 
Issue of Abstracts: To be announced

Deadlines
For organizers: April 2, 2018
For abstracts: To be announced

Denver, Colorado
Colorado Convention Center

January 15–18, 2020
Wednesday – Saturday
Joint Mathematics Meetings, including the 126th Annual 
Meeting of the AMS, 103rd Annual Meeting of the Math-
ematical Association of America (MAA), annual meetings 
of the Association for Women in Mathematics (AWM) and 
the National Association of Mathematicians (NAM), and the 
winter meeting of the Association of Symbolic Logic (ASL), 
with sessions contributed by the Society for Industrial and 
Applied Mathematics (SIAM)
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: To be announced 
Program first available on AMS website: November 1, 2019 
Issue of Abstracts: To be announced

Deadlines
For organizers: April 1, 2019
For abstracts: To be announced
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Washington, District 
of Columbia
Walter E. Washington Convention Center

January 6–9, 2021
Wednesday – Saturday
Joint Mathematics Meetings, including the 127th Annual 
Meeting of the AMS, 104th Annual Meeting of the Math-
ematical Association of America (MAA), annual meetings 
of the Association for Women in Mathematics (AWM) and 
the National Association of Mathematicians (NAM), and the 
winter meeting of the Association of Symbolic Logic (ASL), 
with sessions contributed by the Society for Industrial and 
Applied Mathematics (SIAM).
Associate secretary: Brian D. Boe
Announcement issue of Notices: October 2020
Program first available on AMS website: November 1, 2020 
Issue of Abstracts: To be announced

Deadlines
For organizers: April 1, 2020
For abstracts: To be announced

Since 1940, Mathematical 
Reviews (MR) has served 
researchers and scholars in 
the mathematical sciences by 
providing timely information 
on peer-reviewed articles 
and books. � e database of 
more than 3 million items 
contains reviews, abstracts, 
and bibliographic information 
for much of the world’s 
mathematical sciences 
literature.

for much of the world’s 
mathematical sciences 
literature.

www.ams.org/mathscinet

The premier gateway to scholarly literature in 
the mathematical sciences

http://www.ams.org/mathscinet




MATHEMATICAL MOMENTS

See over 100 Mathematical Moments, hear people talk 
about how they use math on the job in the modern world, 
and read translations in 13 languages at 

www.ams.org/mathmoments

A M E R I C A N  M AT H E M AT I C A L  S O C I E T Y

MM2015
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MM/115.s

Working Within the System

Discoveries about our solar system come principally from 
astronomy and cosmology, but math plays a role, too. The 
existence of the planet Neptune was predicted by math-
ematicians, based on Newton’s law of gravitation, before 
anyone even dreamt of an eighth planet. Recently, integral and 
differential equations, along with mathematical models, have 
dramatically increased the accuracy of estimates of the length 
of Saturn’s day.  And applying probability and statistics to the 
chemical composition of simulations of growing planets early 
in the solar system’s history have bolstered the impact theory 
about the Moon’s origin.

 

The Mathematical Moments program promotes  
appreciation and understanding of the role mathematics  
plays in science, nature, technology, and human culture.
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MM/116.s

Scanning Ancient Sites

Ancient sites are fascinating, but their exposure to the 
elements and to human intervention is often devastating. 
Archaeologists and engineers are using lasers to scan many 
ancient structures to create three-dimensional images that 
won’t suffer from pollution or vandalism. Areas of mathe-
matics such as vector analysis and linear algebra help convert 
the billions of measurements from the laser beams into 
coordinates and then align readings from repeated scans to 
achieve images that are accurate to within a millimeter. This 
process not only preserves structures digitally but also is 
solving many mysteries about their construction. 

 

The Mathematical Moments program promotes  
appreciation and understanding of the role mathematics  
plays in science, nature, technology, and human culture.
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Listen Up!

Image of data from the Temple of the Condor, Machu Picchu by Instituto Nacional de Cultura, Center for 
Advanced Spatial Technologies (University of Arkansas) and Cotsen Institute for Archaeology (UCLA).

MM/117.s

Piling On and on and on… 

Sand is fun to dig in and sculpt but it has also provided the 
inspiration for a hot topic of study—how computer-gener-
ated “sandpiles” on a grid topple and change shape.  The piles 
are modeled using a simple rule, such as:  As sand is added, 
piles that become four grains tall topple and transfer their 
grains to their nearest neighbors in the four compass direc-
tions. Then these neighboring piles (which may have been 
three grains tall before) could now be four grains tall them-
selves and so topple and transfer to their nearest neighbors, 
which might topple, transferring to their nearest neighbors, 
and so on. Such a simple rule can still lead to amazingly 

intricate fractal 
patterns, like this 
one, which was 
generated by a 
billion grains of 
sand.  Although 
inspired by sand, 
the model reflects 
the behavior of 
many systems, 
from networks of 
neurons to forest 
fires. 

 

The Mathematical Moments program promotes  
appreciation and understanding of the role mathematics  
plays in science, nature, technology, and human culture.
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Listen Up!

Image: Wesley Pegden.

MM/118.s

Adding a New Wrinkle 

Some people actually appreciate wrinkles. Whether in skin, 
fabrics, or plastic wrap, wrinkles form because stretched 
materials assume shapes that minimize their bending energy. 
Geometry and partial differential equations are two of the 
mathematical subjects used in the study of wrinkling. This 
study helps in understanding a wide range of topics, such as 
the behavior of thin films, how flowers bloom, and—in the 
case of the items pictured—the possibility of objects changing 
shape in flight to improve their aerodynamics. 

 

The Mathematical Moments program promotes 
appreciation and understanding of the role mathematics 
plays in science, nature, technology, and human culture.
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Listen Up!

Image: Two examples of the wrinkling
of thin films adhering to curved
substrates: a sphere with a combination
of hexagonal and furrow-like patterns,
and a torus with hexagonally arranged
dimples, Norbert Stoop (MIT).

MM/119.s

Passing Plates 

We know more about stars light years away than we do 
about the mantle that begins just tens of miles beneath our 
feet. Although friction between tectonic plates is the ulti-
mate factor in determining earthquakes, the driving force for 
earthquakes and volcanoes is convection in the mantle. The 
application of these forces to the tectonic plates is governed 
by continuum mechanics, but the uncertainties in modeling 
seismic events—which emerge from the variability within the 

Earth, the complex 
geometries that 
are present, and 
highly complicated 
material proper-
ties—are profound. 
Nevertheless, 
despite these 
unknowns, we 
now have signifi-
cant insight into 
the composition 
and history of the 
mantle, and into 
some aspects 
of earthquake 
mechanism. 

Listen Up!
The Mathematical Moments program promotes  
appreciation and understanding of the role mathematics  
plays in science, nature, technology, and human culture.
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Image: Inferred mantle temperature and convective flow, courtesy of 
Thorsten W. Becker, University of Southern California.

MM/120.s

Holding the Lead 

For some observers the question is, “Is this ever going to 
end?” but most sports fans want to know, “How is this going 
to end?” A team of researchers used a mathematical idea 
known as a random walk to model the way scoring leads 
grow and shrink over the course of a game in a competitive 
team sport. They found that the likelihood that a lead of L 

points is “safe” 
(that is, will not 
be eliminated) 
with t seconds 
left in the game 
can be calculated 
with expres-
sions involving 
exponential 
and trigono-
metric functions. 
This formula 
predicts that 
in basketball, a 
lead of 10 points 
with about 
eight minutes 
remaining, or of 
18 points at half-
time, is 90% safe. 

Listen Up!
The Mathematical Moments program promotes  
appreciation and understanding of the role mathematics  
plays in science, nature, technology, and human culture.
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Making Bail Better 

The scales of justice often tip in unfair ways. When it comes 
to setting bail, for example, factors that shouldn’t matter—
income and ethnicity—often carry far more weight than 
factors that should—such as the probability that a defendant 
will commit a crime or fail to appear in court. By studying 
data from nearly one million cases and using a statistical 
tool known as regression analysis, researchers were able to 
discover the best objective predictors of a suspect’s behavior 
while on bail. They also incorporated the predictors into 
an algorithm that has now been proven to be objective and 
effective in helping judges decide who is at risk to flee or 
break the law. 

The Mathematical Moments program promotes  
appreciation and understanding of the role mathematics  
plays in science, nature, technology, and human culture.
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TEXTBOOK

TEXTBOOK

TEXTBOOKS
FROM THE AMS

A Comprehensive Course in 
Analysis
Barry Simon, California Institute of Technology, 
Pasadena, CA

This five-volume set by Poincaré Prize winner Barry 
Simon is the ultimate graduate-level reference source for 
almost all areas of classical analysis, including hundreds 
of problems and numerous notes that extend the text and 
provide important historical background.

Part 1: Real Analysis

Part 2a: Basic Complex Analysis

Part 2b: Advanced Complex Analysis

Part 3: Harmonic Analysis

Part 4: Operator Theory

Set: 2015; 3259 pages; Hardcover; ISBN: 978-1-4704-1098-8; 
List US$350; AMS members US$280; Order code SIMON-SET

Residues and Duality for 
Projective Algebraic Varieties
Ernst Kunz, University of Regensburg, Germany, 
David A. Cox, Amherst College, MA, and Alicia 
Dickenstein, University of Buenos Aires, Argentina

Development of local and global duality theory in the 
special case of algebraic varieties over algebraically closed 
base fields

University Lecture Series, Volume 47; 2008; 158 pages; 
Softcover; ISBN: 978-0-8218-4760-2; List US$42; AMS members 
US$33.60; Order code ULECT/47

TEXTBOOK

TEXTBOOK

TEXTBOOKS
FROM THE AMS

Toric Varieties
David A. Cox, Amherst College, MA, John B. 
Little, College of the Holy Cross, Worcester, MA, 
and Henry K. Schenck, University of Illinois at 
Urbana-Champaign, IL

This masterfully written book will become a standard text 
on toric varieties, serving both students and researchers. 
The book’s leisurely pace and wealth of background mate-
rial makes it perfect for graduate courses on toric varieties 
or for self-study. Researchers will discover gems throughout 
the book and will find it to be a valuable resource.

—Sheldon Katz

Graduate Studies in Mathematics, Volume 124; 2011; 
841 pages; Hardcover; ISBN: 978-0-8218-4819-7; List US$95; 
AMS members US$76; Order code GSM/124

GSM

SURV

ULECT

Introduction to PDEs and 
Waves for the Atmosphere and 
Ocean
Andrew Majda, New York University-Courant 
Institute of Mathematical Sciences, New York

The author presents rigorous mathematical theory and 
offers deep insights … contribution of these notes to the 
modern literature is very valuable and unique … essentially 
self-contained and does not require prior knowledge of fluid 
dynamics … should be of interest to anyone in the commu-
nity of atmosphere/ocean science, from graduate students to 
advanced researchers.

—Mathematical Reviews

This book introduces mathematicians to the fascinating 
and important area of atmosphere/ocean science (AOS) and, conversely, develops a 
mathematical viewpoint on basic topics in AOS of interest to the disciplinary AOS 
community, ranging from graduate students to researchers.

Titles in this series are co-published with the Courant Institute of Mathematical Sciences at New York University.

Courant Lecture Notes, Volume 9; 2003; 234 pages; Softcover; ISBN: 978-0-8218-2954-7; 
List US$38; AMS members US$30.40; Order code CLN/9

Codes and Curves
Judy L. Walker, University of Nebraska, 
Lincoln, NE

A great addition to an abstract algebra course or an algebra 
topics course. Written in a conversational tone; packed with 
accessible examples and theory.

—MAA Monthly

This book introduces the reader to the exciting field of 
algebraic geometric coding theory.

Student Mathematical Library, Volume 7; 2000; 66 pages; 
Softcover; ISBN: 978-0-8218-2628-7; List US$19; All individuals 
US$15.20; Order code STML/7

AMERICAN MATHEMATICAL SOCIETY

facebook.com/amermathsoc
@amermathsoc

plus.google.com/+AmsOrg

Or Order by Phone:
(800)321-4267 (U.S. & Canada),
(401)455-4000 (Worldwide)

The AMS Presents Prize Winning Authors

Barry Simon 
2016 AMS

Steele Prize 
for Lifetime 
Achievement

David A. Cox
2016 AMS

Steele Prize for 
Mathematical 

Exposition

John B. Little
2016 AMS

Steele Prize for 
Mathematical 

Exposition

Andrew Majda

2016 AMS
Steele Prize for 

Seminal 
Contribution 
to Research

Judy L. Walker
2016 AWM

Louise Hay Award 
for Contributions 

to Mathematics 
Education

http://www.ams.org/bookstore
http://facebook.com/amermathsoc
http://plus.google.com/+AmsOrg
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