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I work in natural language processing (NLP), where
I use probability theory, statistics, and programming
to convert human language into data that is used
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My job exists at the intersection of biology,
mathematics, and computer science. I try to
increase the efficiency of drug development by
designing and testing mathematical models of
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and endocrine diseases).
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I help design and oversee surveys of individuals
and institutions to help estimate measures such
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I started out with an interest in teaching math,
but switched career directions and started working
for the NSA. I began working on error correction,
which involves ensuring accurate transmission of
data over noisy or unreliable channels.
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The Mathematical Sciences Research Institute
and the Institute for Advanced Study, in
cooperation with the Smithsonian Institution,
present the inaugural

National Math Festival
April 16-18
Washington, D.C.

Save the date for America’s first national festival
dedicated to discovering the delight and power
of mathematics in everyday life.
Can’t make it to Washington? Celebrate
math in your city! On April 18, parallel events
will occur in museums across the country.
Learn more and get involved at
www.MathFest.org

co-organized by:

Featuring three days of public and
private activities including:
Great Teachers = Great Students: Building the
Profession of Math Teachers in America: A breakfast
briefing on Capitol Hill to discuss key mathematics
education policy initiatives, including teacher training
and professional development programs.
Finding Common Ground in Math Education:
A policy workshop for state-level education leaders
to discuss the state of mathematics education,
including college and career-readiness standards and
mathematics teacher preparation and licensing.
Act from Thought: The Case for Basic Science
Research: An invitation-only dinner in the Great Hall at
the Library of Congress to celebrate public and private
support for basic scientific and mathematics research.
The first annual awarding of the Mathical: Books for
Kids from Tots to Teens book prize. Awarded by the
Mathematical Sciences Research Institute (MSRI) and
the Children’s Book Council (CBC), the Mathical Prize
will recognize the most inspiring math-related fiction and
nonfiction books for young people of all ages.
A free and public celebration on Saturday, April
18 will feature activities for every age—from handson magic, a scavenger hunt, and Houdini-like
getaways, to lectures with some of the most influential
mathematicians of our time. Events will occur in several
Smithsonian museums, including the Enid A. Haupt
Garden, the National Museum of Natural History, the
National Air and Space Museum, and others.
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CALL FOR NOMINATIONS

American Mathematical Society

Chevalley Prize in Lie Theory
This prize was established by George Lusztig in 2014 to honor Claude
Chevalley (1909–1984). Chevalley was a founding member of the
Bourbaki group. He made fundamental contributions to class field
theory, algebraic geometry, and group theory. His three-volume treatise on Lie groups served as standard reference for many decades.
His classification of semisimple groups over an arbitrary algebraically
closed field provides a link between Lie's theory of continuous groups
and the theory of finite groups, to the enormous enrichment of both
subjects.
This prize recognizes notable work in Lie Theory published during
the preceding six years; a recipient should be at most twenty-five
years past the Ph.D.
The US$8,000 prize will be awarded in even-numbered years without
restriction on society membership, citizenship, or venue of publication. The first award will be made in 2016.
Nominations with supporting information should be submitted using the online form available here:
www.ams.org/profession/prizes-awards/nominations
Include a short description of the work that is the basis of the nominations, including complete bibliographic citations. A brief curriculum vitae for the nominee should be included. Those who prefer
to submit by postal mail may send nominations to AMS Secretary,
Carla Savage, Box 8206, Computer Science Department, North
Carolina State University, Raleigh, NC 27695-8206. The nominations
will be forwarded by the secretary to the appropriate prize selection
committee, which, in effect, will make final decisions on the award.
Deadline for nominations is June 30, 2015.
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Opinion

Is the Fields Medal
the Nobel Prize of
Mathematics?
I have read with great interest the two recent Feature
Articles on the Fields Medal [January 2015: “The Myth and
the Medal” by Michael J. Barany, and “Is There a Curse of
the Fields Medal?” by János Kollár]. The article by Barany,
in particular, addresses the very important and timely
issue of the comparison between the Fields Medal and the
Nobel Prize. Though the article gives an excellent account
on how that comparison came to be made in the first
place, it leaves open the more important issues of whether
the comparison is pertinent at all and whether making it
is advantageous to our discipline.
Concerning the first issue, the differences between the
Fields Medal and the Nobel Prize can hardly be exaggerated.
Whatever the original intentions, the Fields Medal is given
only to young mathematicians below the age of forty. To
have a chance at the medal a mathematician must not only
make a major contribution early on, he/she must also be
lucky enough to have its importance broadly recognized
before the arbitrary fortieth mark. This means that, if an
area of mathematics is not represented in the composition
of the Fields committee at a given International Congress,
truly original and important contributions in that area
have very little chance.
In contrast, the Nobel Prize has no age limits. The role
of a Nobel committee (in natural sciences) is, at least in
principle, to identify those breakthroughs deemed most
important by a broad segment of the scientific community
and then decide who are the most deserving contributors
to it. In contrast with the Fields Medal, which is given
strictly to an individual, independent of whether other
people might have contributed important ideas to the

cited works, the Nobel Prize can be shared by up to three
individuals. Thus, in theory, a Nobel Prize is awarded
primarily for supreme achievements, and only secondarily
to specific individuals.
The limitation to the age of forty makes perfect sense
for a prize given to young brilliant mathematicians to
boost their scientific careers, but it makes little sense to
compare such a prize to the Nobel Prize. One unfortunate
consequence of this analogy is to perpetuate the myth
that mathematicians necessarily do their best works when
they are very young. We are all well aware of many major
achievements obtained by mathematicians after the age
of forty. While the myth is certainly false, young scientists
do however have an important advantage over older
ones in that, unencumbered by the myriad professional
obligations of the latter, they have more flexibility, and
maybe courage, to move in uncharted territories. But, given
the age limitation of the Fields Medal, this advantage is,
alas, not enhanced by the conceit of supreme achievement
entailed by the comparison to the Nobel Prize. One can
argue in fact that the Fields Medal produces the opposite
result; namely, that ambitious young mathematicians
crowd directions of research that offer the highest chances
for a Fields Medal, rather than risk new ones. There are,
certainly, exceptional Fields medalists who do not at all
fit this description, but am I wrong to assert that at least
many of them do?
Another obvious problem with treating the Fields
Medal as a supreme achievement is the “winner takes
all” mentality that it often generates. Indeed, outstanding
works of the Fields medalists often build on the progress
made by other mathematicians. Given the immense
prestige bestowed by the medal, these previous works are
later often minimized or even totally ignored.
In fact mathematics does not have any prize comparable
with the Nobel Prize. The other major prizes—Abel,
Shaw, and Wolf—don’t have any age limitation but are
almost always given to individuals, based on works
done throughout their careers, rather than for specific
achievements. Even when the prize is shared there is,
in most cases, no identifiable connection between the
recipients.
I am glad that the editors of Notices have decided to
address the present status of the Fields Medal. In my view
a major re-evaluation is long overdue.
—Sergiu Klainerman
Princeton University
seri@math.princeton.edu
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Remain Skeptical Despite NSA's
Claims
In response to the recent publication, “The Mathematics Community
and the NSA” by Michael Wertheimer
[Notices, February 2015], I want to
urge the AMS and Notices readers to
remain skeptical of the claims of the
NSA [National Security Agency]. NSA
leaks over the last 18 months clearly
show that the NSA is subverting
encryption standards. Thanks to the
leaks we now know this as fact, and
most would agree it's not really even
up for debate. One of the NSA programs that seeks to subvert encryption is called BULLRUN. As a short
and sweet piece of evidence I'll cite a
New York Times article entitled “Documents Reveal NSA Campaign against
encryption.” In the now-leaked, previously classified NSA 2013 budget
request, a portion of the resources for
its BULLRUN program are allotted to
“Insert vulnerabilities into commercial encryption systems, IT systems,
networks, and endpoint communications devices used by targets.” This
is an internal NSA document that
the agency never imagined would be
publicly available. Matthew Green,
a cryptography professor at Johns
Hopkins University, recently wrote in
his blog a detailed response to Wertheimer's article. Green's response has
a number of points that indicate that
the NSA intentionally backdoored
the Dual_EC_DRBG algorithm. One
of the pieces of evidence is a nowpublic email from NIST's own John
Kelsey [NIST is the National Institute
for Standards and Technology]. In
the email he raised concerns about
how the two default points for the
algorithm (P and Q) were generated.
When he asked where Q came from he
was told: “Q is (in essence) the public
key for some random private key. It
could also be generated like a(nother)
canonical G, but the NSA kyboshed
this idea, and I was not allowed to
publicly discuss it, just in case you
may think of going there.” Basically,
Q could have been randomly generated but NSA told them not to
talk about it. What we really have
here is a clear example of NSA's very
conflicting goals. On one hand, they
Notices

of the

AMS	

are trying to “help” create standards
that are meant to secure businesses
and governments worldwide, including the US government. On the other
hand, in pursuit of their signals intelligence (SIGINT) goals they subvert
the very standards they are supposed
to be helping create.
References
[1] The website of the The New
York Times, www.nytimes.com/
interactive/2013/09/05/
us/documents-reveal-nsacampaign-against-encryption.
html?ref=us
[2] A Few Thoughts on Cryptographic Engineering blog; "Hopefully the Last Post I'll Ever Write
on Dual EC DRGB," blog entry by
Matthew Green, blog.cryptographyengineering.com/2015/01/
hopefully-last-post-illever-write-on.html
—Matas Webb
Technologist & Privacy Researcher
matasw@gmail.com
(Received January 15, 2015)

An Introductory Book in
Network Science is Needed
Network science is currently a hot
topic (Notices, September 2014, page
868). Recent developments have
shown clearly that most realistic
systems do not work in isolation, e.g.,
epidemics without borders, financial
crises, internet security, etc. The
Wikipedia page on network science
shows the importance of this topic.
I believe that this way of thinking
should be taught to senior undergraduate students. Although there
are good advanced books and review
articles, so far I have not found an
introductory book about this topic.
Such a book should contain a large
section on exercises and solution
hints. I hope that such a book will
appear soon.
—E. Ahmed
Mansoura University, Egypt
magd45@yahoo.com
(Received January 27, 2015)
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Vladimir Rokhlin receives the
William Benter Prize in Applied
Mathematics
City University of Hong Kong (CityU) has awarded the
William Benter Prize in Applied Mathematics 2014 to
Vladimir Rokhlin, a master in algorithm who has advanced the frontiers of computational mathematics and
engineering.
Vladimir Rokhlin, Professor of Mathematics and the Arthur K. Watson Professor of Computer Science at Yale
University, has earned world-wide acclaim for his tremendous contributions in numerical analysis and applied mathematics, in particular for his work in the
Analysis-based fast algorithms: Fast multipole methods (FMM), Nonuniform FFT, fast Laplace transform,
fast Legendre transform, fast wavelet transforms in
numerical analysis. Among them, the development of
FMM, a mathematical technique jointly developed with
Leslie Greengard, Silver Professor of Mathematics and
Computer Science at New York University, has revolutionised the way engineers and scientists solve tough
problems.
The William Benter Prize in Applied Mathematics, a biennial award that carries a cash prize of US$100,000,
was set up by the Liu Bie Ju Centre for Mathematical
Sciences (LBJ Centre) at CityU in 2010, to recognise outstanding mathematical contributions that have a direct
and fundamental impact on scientific, business, finance
and engineering applications.
The Prize was presented to Vladimir Rokhlin at the
opening ceremony of the International Conference on
Applied Mathematics 2014 organized by the LBJ Centre
at CityU on 1 December 2014.
Biographical Sketch
Vladimir Rokhlin was born on 4 August 1952 at Voronezh, Russia. He received his Master of Science degree
in mathematics from the University of Vilnius in Lithuania in 1973, and doctorate in Applied Mathematics at
Rice University in Houston, Texas in 1983. From 1979
to 1985, he was a Senior Research Specialist at Exxon
Production Research Company in Houston, Texas. He
joined the Yale University in 1985, where he is now Professor of Mathematics and Arthur K. Watson Professor
in Computer Science.
Vladimir Rokhlin has received many awards and
honours for his achievements and contributions over
the years. He is Member of the US National Academy
of Sciences and Member of the US National Academy
of Engineering. He and Leslie Greengard received the
2001 Leroy P. Steele Prize for a Seminal Contribution to
Research. He is the recipient of the 2001 Rice University
Distinguished Alumnus Award, and the 2011 Maxwell
Prize from the International Council for Industrial and
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Applied Mathematics. He was
also named an IEEE Honorary
Member in 2006 and a Fellow
of the Society for Industrial
and Applied Mathematics in
2009.
Citation
Vladimir
Rokhlin
was
the first person who took a
systematic approach to combining approximation theory,
the classical theory of special
functions, and modern computer science to reduce the
computational cost associated
with the basic integral operators of mathematical physics.

Vladimir Rokhlin

Rokhlin has been at the centre of several breakthroughs in numerical analysis and applied mathematics. His work has fundamentally changed these disciplines and the ramifications of his breakthroughs will
certainly take decades to be worked out. He has made
several deep contributions to the solutions of integral
equations, and this has had a great impact on scientific
computation.
Rokhlin is the inventor and “leading exponent” of
many fast mathematical algorithms for solving boundary value problems associated with the key differential
equations of mathematical physics. Specifically, he is
the originator of a family of computational schemes
known as “Fast Multipole Methods” or simply “FMMs”,
which, by virtue of their computational efficiency, have
revolutionized how scientists and engineers simulate
physical phenomena ranging from gravitational interactions to biomolecular dynamics and electromagnetic
fields and waves.
The impact of Vladimir Rokhlin’s collective body
of work is immeasurable. Today, iterative and direct
solvers incorporating his high-order accurate FMMs are
used by scientists and engineers to rapidly solve integral equations pertinent to the analysis of many body
and boundary value problems with accuracies hitherto
unachievable through any other method. In many fields,
FMMs have enabled high-fidelity simulations of a scale
previously thought impossible (often involving billions
of densely coupled unknowns), led to new scientific
and engineering breakthroughs, and evolved into the
dominant simulation technique (often supplanting old
and deeply engrained methods).
— News release from City University of Hong Kong

17/2/2015 下午4:02

Malaysia Airlines Flight
MH370: Water Entry
of an Airliner
Goong Chen, Cong Gu, Philip J. Morris, Eric G. Paterson, Alexey Sergeev,
Yi-Ching Wang, and Tomasz Wierzbicki

O

n March 8, 2014 Malaysia Airlines
Flight MH370 disappeared less than
an hour after take-off on a flight
from Kuala Lumpur to Beijing. The
Boeing 777-200ER carried twelve crew
members and 227 passengers. On March 24 the
Malaysian Prime Minister announced that “It is
therefore with deep sadness and regret that I
must inform you that …Flight MH370 ended in
the Southern Indian Ocean.” Though the exact
fate of Flight MH370 remains undetermined, the
available evidence indicates a crash into the ocean.
However, disturbing as this is, not all emergency
water landings, referred to as “ditching” when they
are controlled, end in tragedy. In the “Miracle on
the Hudson,” on January 15, 2009, Capt. Chelsey
B. “Sully” Sullenberger and his crew successfully
ditched US Airways Flight 1549, an Airbus A320200, in the Hudson River after a loss of power due
to a bird strike on take-off from La Guardia Airport.
There was no loss of life.
Figure 1 and the video animation referenced on
the second page of this article show our “representation” of a commercial airliner, a Boeing 777
Goong Chen is professor of mathematics at Texas A&M
University (TAMU) and Texas A&M University at Qatar
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model, plunging into the ocean. (See our commentary in Box 1 in section “The Water Entry
Problem Revisited”.) Such simulations can help
to understand the physical mechanisms at work
and also to improve passenger safety. But these
are highly challenging simulations that require
the cooperation of engineers, mathematicians and
computational scientists. Any scientific investigation of the mishap, apart from human factors
of foul play and conspiracy, must consider factors of an engineering nature, such as machine
and instrumentation breakdown, midair explosion,
weather, navigation, etc. But this should not prevent
mathematicians’ curiosity—and our fascination
with airplanes since childhood—from entering the
fray to add and contribute something valuable
regarding this investigation and recovery effort.
The fact is, mathematics is closely intertwined with
engineering and is not detached from the “real
world” as some people may think. The statement
made by the Malaysian Prime Minister that Flight
MH370 “ended” in the Southern Indian Ocean was
based on the assessment by the British company
Eric G. Paterson is Rolls Royce Commonwealth Professor of
Marine Propulsion and department head of Aerospace and
Ocean Engineering at Virginia Tech. His email address is
egp@vt.edu.
Alexey Sergeev is postdoctoral fellow at the Qatar Environment and Energy Research Institute in Doha, Qatar. His
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Yi-Ching Wang is a PhD student in the mathematics
department of TAMU. Her email address is ycwang@
math.tamu.edu.
Tomasz Wierzbicki is professor of applied mechanics and
Director of Impact and Crashworthiness Laboratory at MIT.
His email address is wierz@mit.edu.
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Figure 1. The aircraft is a Boeing 777 model flying into the ocean at the speed of 70m/sec, with pitch
angle = −20◦ , at time t = 0.36 sec. A volume-of-fluid (VOF) scheme in OpenFOAM ([ope]) is used to
simulate the two-phase flow for the fluid-aircraft body interaction. Please also use the link
https://www.dropbox.com/s/pbjhrovlqrqiizm/smooth-cin40.avi to view the corresponding video
animation of the dynamic motion.

Inmarsat. An article articulating how the radar
signal backtracking made by Inmarsat works was
published in SIAM News in [Zwe14], where John
Zweck of the Math Department of the University of
Texas–Dallas argued in support of Inmarsat by using the Doppler frequency shift, time and locations
of ping, trigonometry and other mathematical
methods, and MATLABÉ software. Nevertheless,
Inmarsat’s radar tracking methodology and data
analysis have not yet convinced everybody that
they are ironclad; see some counter arguments
by David Finkleman in [Fin14], for example. (Dr.
Finkleman is Director of Studies and Analysis,
and Senior Scientist, North American Aerospace
Defense Command and US Space Command, at
Peterson Air Force Base, Colorado.)
We discuss this air incident from a mathematical
as well as an interdisciplinary perspective. We show
how computational mathematics and mechanics
can help us understand the physical nature of an
aircraft emergency water landing, how to model
and compute it, and how this knowledge is helping
safe civil aviation and other aerospace-related
undertakings. This kind of problems has become
quite typical for the work of a mathematician as
part of an interdisciplinary team in industry or
government labs.
The problem under consideration is dynamic
in nature and is best viewed with the aid of video
animation. We encourage the reader to see such
animations through the various URLs provided in
the article by pasting and clicking them, using the
online version of the paper in the Notices [not].
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Figure 2. Von Karman’s idea of “added mass” for
the water entry problem, which is an idealization
and simplification. Here the red region
represents “added mass.” This is the mass
moving together with the mass of the wedge
projectile. The portion of the (red) added mass
lying above the still water surface is called the
“pile up.”

The Water Entry Problem Revisited
The water entry problem is a classical problem
in applied mathematics and fluid dynamics. It
considers the dynamic motion of an object upon
its entry into the water. The problem was motivated
by several applications: the landing of a hydroplane,
the entry into water of a rocket or the Apollo
module returning from space, and the ditching or
crashing of aircraft.
A major contribution to this field was made by
the celebrated applied mathematician and fluid
dynamicist Theodore von Karman (1881–1963). He
developed the idea of “added mass” (a mass of the
fluid that is co-moving with the body) to study the
problem [vK29]; see Figure 2. Von Karman inferred
that the impact force on the body is related to
the instantaneous change of total momentum of
the body with its own mass but with an extra
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estimation of the added mass. The analysis and
results from these simple approaches are found
to compare favorably with experiments for simple
geometries such as a wedge or a cone. They also
helped the designs of air-to-subsea anti-submarine
missiles, for example.
On the mathematical side, papers studying the
water entry problem for a two-dimensional (2D)
wedge were written by Shiffman and Spencer [SS51]
for a normal incidence problem, and by Garabedian
[Gar53] for oblique incidence, for example. These
papers treated the case of 2D incompressible,
irrotational, inviscid flow by complex variables and
potential theory and offered rigorous analysis.
A comprehensive survey of water entry problems
(up to the year 2011) can be found in [Abr11],
where 476 references are listed, and where a dozen
more mathematical (-oriented) papers can also be
found.

(a)

(b)

(c)

Figure 3. The several phases of a projectile
entering water according to Mackey [Mac79]
[Mac79]: (a)
a cavity of air opens; (b) a cavity of air pocket
encloses the projectile when it is totally
submerged; and (c) the cavity begins to be
detached from the projectile, leaving it totally
surrounded by water. Some water vapor may
exist in the cavity, and cavitation usually
happens. (Adapted from [Abr11, p. 060803-2]
060803-2])

mass augmented by the “added mass” of the fluid
around the submerged portion of the body. That
is,
i
d h
(1)
(M + m(t))ζ̇(t) = Mg − FB − FC − FD
dt
(cf. [Abr11, eq.(2.3)])
where M =mass of the projectile, m(t) =
“added mass,” FB = buoyancy force, FC =
capillary force, FD = steady-state drag force,
and ζ(t) = depth of penetration into fluid.
We note that the precise value of added mass
m(t) is not known. For small time or submerged
depth upon entry of the body into the water,
von Karman estimated the added mass to be
half that of a flat plate with the same area as
the instantaneous still water-plane of the body.
Wagner [Wag31] further improved von Karman’s
work by including the effect of the pile up of the
water and by associating the added mass with the
wetted water-plane. Further work such as [Fab57]
took account of the submerged geometry for the

332

The splashing and piling up of water waves
surrounding the submerged part of the aircraft
are close to realism, as the motion of the free
(water) surface is modeled and computed by the
volume-of-fluid method. We have also used the
level-set method and obtained similar graphical
results. However, several other physical factors
and phenomena have not been taken into
account:
(1) The deceleration of the aircraft motion,
as its speed is maintained at 70m/sec. In
addition, in general, the presence of water
will cause deflection of the flight path.
(2) At the speed of 70 m/sec, structural
fracture and disintegration of aircraft are
likely to occur.
(3) Hydrodynamic force, fluid buoyancy, and
drag force have not been incorporated
into the model.
Box 1. Commentary on the water-entering
motion of aircraft as shown in Figure 1 and
its video animation.

The contributions made by von Karman, Wagner, and others were truly remarkable, and they
continue to be used today. However, the physics of
water entry is far more complex to model than the
idea of “added mass” alone. In reality, there are
several phases of water entry that have been observed in experiments [Mac79]: (1) cavity-opening
and jet splashing; (2) cavity-closing and formation
of an air pocket; and (3) cavity-detachment and
cavitation; see Figure 3. A good way to capture
the rich physics is through state-of-the-art computational fluid dynamics (CFD). The CFD approach
will enable us to simulate water entry for complex,
general geometries rather than the simplified ones
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such as cones, cylinders, and wedges treated in
the early era by encompassing (1) naturally into
the two-phase fluid-structure interaction models.

Simulation of the Ditching/Crashing of
an Aircraft into Water as a Two-Phase
Fluid-Structure Interaction Problem
Aircraft crashworthiness and human survivability
are of utmost concerns in any emergency landing
situation. The earth is covered 71 percent by water,
and many major airports are situated oceanside.
Therefore, the Federal Aviation Administration
(FAA) requires all aircraft to be furnished with
life vests and the pilots be given water-landing
guidlines and manuals.
Assume that an aircraft such as MH370 did not
have a midair explosion. Then all available signs
indicate that it crashed somewhere in the Indian
Ocean. This is an aircraft water-entry problem. Our
objective in this section is to conduct numerical
simulations for several hypothetical scenarios
using CFD.
For a representative Boeing 777 aircraft, we use
the values of parameters as given in Table 2.
The underpinning subject of this study is
continuum mechanics, including the water-entry
problem first as fluid-structure interaction with a
free fluid-gas interface and the subsequent impact
and structural failure analysis. Here, water and air
are modeled as compressible flows using the NavierStokes equations; cf. Box 2. Our mathematical
model is similar to that in Guo et al. [GLQW13].

Table 1. Parameter values for Boeing 777 used in
CFD calculations.

Total weight
Wing span
Fuselage cross section
Length

1.8 × 105 kg
60.9 m
29.6 m2
63.7 m

Roll Moment of Inertia

1.06 × 10 kg m2

Pitch Moment of Inertia

2.37 × 107 kg m2

Yaw Moment of Inertia

3.34 × 107 kg m2
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We are dealing with two fluids: air and water. Depending on the operating conditions (speed and
altitude), we can regard air either as compressible or incompressible. For water, as a liquid,
it is generally considered as incompressible.
However, if we choose incompressibility as the
model for water here, the CFD calculations will
have severe difficulty of convergence. A likely
cause is that, in water landing situations, local
contact interface pressure can get very high,
on the order of 106 Pascal, causing a compressed state of water. Therefore, we choose
compressibility for both air and water as in
[GLQW13].
Box 2. Modeling selections: compressible or
incompressible?

The CFD software we have adopted here is
OpenFOAM, which is open-source and is now
widely used by industry and research communities. See an introductory article by several of
us in [CXM+ 14]. In particular, we will be using
compressibleInterDyMFoam for two-phase flow and
RANS k −  for turbulence modeling. (See some
mathematical study on the k −  turbulence modeling in [RL14, MP93], for example.) Computations
were performed on the EOS supercomputer at
Texas A&M University and the RAAD supercomputer at Texas A&M University at Qatar. For the
computational work shown in the examples of this
section, each run took one to several days on the
campus supercomputers.
We assume that the aircraft is a rigid body. Except
for the sample case shown in Figure 1, we did
not include the under-wing engines in the Boeing
777 aircraft, with the understanding that the strutmounted engine nacelles would likely be the first
things to be torn off in a water-entry situation. (But,
computationally, it is straightforward to include
the engines in our CFD work as is shown in Figure 1.)
There are two distinct CFD features of this
problem:
(a) Because of the relative motion between
the aircraft and water, dynamic mesh,
or a noninertial frame of reference,
must be used. Here we have used a
combination of dynamicRefineFvMesh and
dynamicMotionSolverFvMesh in OpenFOAM for
this purpose.
(b) The free water surface can be treated by using either the volume of fluid method (VOF),
[HN81] the level set method [OS88, SSO94], a
combination of these two methods [Son03],
or the cubic interpolated pseudoparticle
method [TNY85]. Because of the availability
of the software for VOF in OpenFOAM, VOF
is adopted here.
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Table 2. Parameter values for fluid flow used in CFD calculations.

Atmospheric pressure

1 × 105 Pa

Lower bound for pressure

1 × 104 Pa
1 × 10−6 m2 /sec

Kinematic viscosity of water

1.589 × 10−5 m2 /sec

Kinematic viscosity of air
Water-air surface tension (γ)

0.07 N/m

Gravitational acceleration (g)

9.80665 m/sec2
1000 kg/m3

ρ0 in Equation (6)
Compressibility of water (ψ1 in Equation (6))

1 × 10−5 sec2 /m2

Compressibility of air (ψ2 in Equation (7))

1 × 10−5 sec2 /m2

Constants in k −  turbulence model

Cµ = 0.09, C1 = 1.44, C2 = 1.92, σ = 1.3
k = 0.1 m2 /sec2 ,  = 0.1 m2 /sec3

Initial values for k −  turbulence model
Initial aircraft speed relative to stationary water (V0 )

(a) deadrise angle is π /4
/4, effective gravity is 8.0062 m/sec2 , mass
of wedge is 13.522 kg, speed at water entry is 0.95623 m/sec.

(c) deadrise angle is π /9
/9, effective gravity is 7.8144 m/sec2 , mass
of wedge is 12.952 kg, speed at water entry is 0.86165 m/sec.

58 m/sec (≈ 130 mph)

(b) deadrise angle is π /4
/4, effective gravity is 8.9716 m/sec2 , mass
of wedge is 30.188 kg, speed at water entry is 1.69673 m/sec.

(d) deadrise angle is π /9
/9, effective gravity is 8.6103 m/sec2 , mass
of wedge is 29.618 kg, speed at water entry is 1.54405 m/sec.

Figure 4. Curves of acceleration versus time as benchmarks in comparisons with Wu et al.
Graphs reprinted from [WSH04, p. 28]
28], with permission from Elsevier. The curves obtained from
experiment and numerical simulations are compared under different settings. The blue curves
represent the data obtained by our computational methods in this paper.
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(a) gliding water entry

(b) pressure distribution and mesh

= 8◦ , angle of approach = 1◦ . This corresponds to Case 1; a video animation can
Figure 6. Pitch angle=
be viewed at https://www.dropbox.com/s/zpme04bmakien2h/comb8.mp4. The animation has two
parts: the first part shows the water flow pattern, while the second is intended to show the pressure
distribution. (This is the same for all video animations corresponding to the remaining figures in this
section.)

Equations for the volume of fluid two-phase
problem are the following:
• Conservation of mass for each phase
(2)

Figure 5. Angle θ here is the pitch angle
signified in the computations of cases 1–5
and β is the angle of approach. The speed
of the aircraft denotes the speed of its
center of mass.
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∂(ρi αi )
+ ∇ · (ρi αi u) = 0,
∂t
where αi , i = 1, 2, are volume fractions of each
phase satisfying α1 + α2 = 1.
• Conservation of momentum

(3)
∂(ρu)
+ ∇ · (ρuu) = −∇p + ∇ · T + ρg + γκ∇α1 ,
∂t
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where T is the deviatoric portion of the total
stress tensor
2
(4)
T = µ(∇u + ∇uÙ ) − µII ∇ · u
3
with I being the identity tensor. ρ and µ
being effective density and viscosity fields for
the mixture, respectively, γ being the surface
tension, and κ being phase interface curvature


∇α1
(5)
κ = −∇ ·
.
|∇α1 |
Note that the air-water interface condition is
embedded in the ∇α term in (3).
• Equation of State
(6)

ρ1 = ρ0 + ψ1 p

(7)

ρ2 = ψ2 p

(for water),
(for air).

These equations model isothermal processes
in air and water. The physical meaning of
ψj (j = 1, 2) here is 1/cj2 where cj is sound
speed in the medium.
• Six degrees of freedom of motion
σ = −pII + T ,
Z
F(t) = force =
σ n̂ dS,

(8)

of the wedge is measured throughout its impact
with the water. The study in [WSH04] also employed a 2D potential flow model to study the
problem numerically. In order to validate our CFD
method, the setup for the experiment is replicated
as a 3D mesh. Figure 4 shows the comparison of the
acceleration time curves with a variety of parameters. (One of the varying parameters, the “deadrise
angle”, is defined as the angle formed between
the angled side of the wedge with the horizon.)
Although some differences of values are observed,
our CFD simulation shows a strong qualitative
match of the acceleration/deceleration curves. We
also note that the numerical model in [WSH04] is
a very simplified one, without the incorporation of
several aero-hydrodynamic effects.
Aviation experts generally agree that how the
airliner enters the water determines its breakup,
which then yields major clues and directions of the
search operations [syr]. Therefore, in the following,
we provide five scenarios of water entry. In each
case, we provide comments, schematics, snapshots,
and a CFD animation. Each animation consists of
two parts, with the first part showing visual effects
and the second part showing pressure loading.

∂Ω(t)

(9)

Z
r × σ n̂ dS.

τ(t) = torque =
∂Ω(t)

The exterior of the domain occupied by the
aircraft is denoted as Ω(t) (depending on t due
to aircraft motion), and ∂Ω(t) is its boundary.
The boundary velocity V(x, t) for x ∈ ∂Ω(t)
can be subsequently computed from (9) in rigid
body dynamics.
• Moving boundary condition on aircraft skin
(10)

u|∂Ω(t) = V(x, t).

Note that at time t = 0, the velocity of the
aircraft’s center of mass is V0 along various
angles of approach; cf. Table 1. This, together
with equations (2)-(9), constitute the complete
initial-boundary value problem for the numerical
computation. Various physical and computational
parameter values are listed in Table 1.
Remark 1. Every CFD treatment needs to be validated. Why? CFD approaches have their roots
in theory, experiments, and computation. Validation determines whether the computational results
agree with physical reality—the experimental data.
CFD codes must produce numerical results of
desired accuracy so that they can be used with
confidence. Here we use the experimental data
available in [WSH04] for a simplified scenario, that
is, a constrained free-falling “wedge” entering water. The wedge has only the vertical translational
degree of freedom. The acceleration(/deceleration)
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Figure 7. Schematics for the process of glided
ditching. Major forces are illustrated. This
corresponds to Case 1.

Case 1: pitch angle=8◦ , angle of approach=1◦
This is what one might call glided ditching,
similar to the US Airways Flight 1549
mentioned in the first section; see Figure 6
and the accompanying animation. The
vertical component of the airline’s velocity
is found from (13) in the next section to
be 1–2 m/sec. This is much smaller than
the critical speed Vcr = 15–20 m/sec for
structural failure in the next section and,
thus, is good. See also Figure 7 for the
interpretations of motion.
Case 2: pitch angle=−3◦ , angle of approach=3◦

Notices of the AMS

See Figure 8 and its animation. Here we see
an interesting phenomenon; namely, even
though the original pitch angle is negative,
the aircraft will “bounce” on the water and
make the pitch angle positive. See Figure 9.
At the moment this happens, the bottom
of the midsection (fuselage-water contact
surface) of the aircraft undergoes high
bending moment and surface pressure.
This may cause the aircraft to break up in

Volume 62, Number 4

(a) gliding water entry (with a negative initial pitch)

(b) pressure distribution and mesh

−3◦

Figure 8. Pitch angle = −3 , angle of approach = 3◦ . This corresponds to Case 2. A video animation can
be viewed at https://www.dropbox.com/s/6zakw7js7kbcwed/comb-3.mp4.

the middle section, a global failure to be
described in the following section.
Case 3: pitch angle=−30◦ , angle of approach=30◦
See Figure 10 and its animation. Here we
see that the aircraft nose is subject to high
pressure throughout the time sequence.
See also the schematics in Figure 11 in
contrast to Figure 9. Once the wings enter
the water, the leading edge of the wing is
subject to high pressure loading up to 106
Pa.
Case 4: pitch angle = −90◦ , angle of approach =
93◦
See Figure 12 and its animation. This
is a nose-dive situation. Here we further

April 2015

assume that the ocean current flows from
left to right at a velocity of 3 m/sec.
Then, once the aircraft enters the water,
the current gradually drives the aircraft
toward the 5 o’clock direction. Eventually
this could cause it to fall on the ocean
floor belly-up. See Figure 13. Cf. more
discussions in Box 3.
Case 5: pitch angle = −3◦ with roll angle = 20◦ ,
angle of approach=3◦
See Figure 14 and its animation. Here, with
a 20-degree roll, the left wing of the plane
enters the water first. Almost inevitably,
this would cause structural failure of the
left wing. Read more in Box 4 about an air
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totally different from the fluid dynamics issues we
have been discussing up to this point.
Due to the limited scope of this article, we can’t
delve too much into the study of impact effects.
Nevertheless, we can use another famous example,
the disaster of the Space Shuttle Challenger,
to understand what may happen, based on the
analysis of one of the coauthors (Wierzbicki) in
[WY86b, WY86a].

Figure 9. Schematics for the process of ditching
with negative initial pitch. The plane is able to
recover to the glided ditching attitude1 similar
to Figure 7. This corresponds to Case 2.
disaster on the seaside of Comoros Island,
Africa.

Damage and Breakup
As described in the Introduction, not all emergency water landings end in disaster. The dramatic
successful landing in the “Miracle on the Hudson”
is such a case. The fact that no lives were lost is a
testament to the experience and fast thinking under
pressure of the captain and crew. The aircraft had
a hole ripped open but was otherwise structurally
virtually intact. The speed of the aircraft at ditching
was estimated to be 150 mph (240 km/hr or 67
m/sec). It was deemed by NTSB as “the most
successful ditching in aviation history.” [23]
In addition to the Comoros Island air disaster in
Box 4, we mention another ditching effort whose
outcome was not as fortunate as the US Airways
flight 1549. On August 6, 2005, a Tuninter Airlines
Flight 1153 ATR-72 aircraft, flying from Bari
International Airport, Bari, Italy, to Djerba-Zarzis
Airport, in Djerba, Tunisia, ran out of fuel and
ditched into the Mediterranean 43 km northeast
of Palermo, Italy. Upon impact, the aircraft broke
up into three pieces. Sixteen persons out of the
thirty nine passengers and crew died. Eight of the
deaths were actually attributed to drowning after
the bodily injuries from impact.
In the numerical simulations provided in the
preceding section, we have not included the effects
of rupture and structural disintegration. But they
are almost certain to happen upon the entry of the
aircraft into water when the speed is sufficiently
high. This happened even in the “Miracle on the
Hudson” case with smooth gliding. The study of
impact damage and breakup belongs to a field
called impact engineering, which is based on the
plasticity and fracture properties of solids that are
1

Note: “ditching attitude” is an academic term.
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If an aircraft stalls in a climb, or if any control
surfaces—ailerons, rudder, or stabilizers—
malfunction, or if it runs out of fuel and
the autopilot stops working (while the pilots
are incapacitated or if the action is deliberate),
it can fall into a steep nose-dive or even vertical
drop (our Case 4 here).
What happens upon water-entry? Here, we
directly quote [syr]:
“ …The wings and tail would be torn away and
the fuselage could reach a depth of 30 meters
or 40 meters within seconds, then sink without
resurfacing. Wing pieces and other heavy debris
would descend soon afterward.
Whether buoyant debris from the passenger
cabin—things like foam seat cushions, seatback
tables and plastic drinking water bottles—would
bob up to the surface would depend on whether
the fuselage ruptured on impact, and how bad
the damage was.
“It may have gone in almost complete somehow, and not left much on the surface,” said
Jason Middleton, an aviation professor at
Australia’s University of New South Wales.…”
This may well offer a powerful clue as to why,
so frustratingly, none of the debris of MH370
has been found so far.
Box 3. Does nose-dive have anything to do
with the lack of debris?

The airframe of the Space Shuttle Challenger, an
assemblage of ring and stringer-stiffened panels,
was constructed essentially like a wide-body Boeing
747 airliner. This in turn is similar to a wide-body
aircraft such as the example Boeing 777 under
discussion here. Thus, we expect that much of the
material and structural failure analysis performed
in [WY86b, WY86a] for Challenger continues to
hold.
There is a distinction between the following:
(i) global failure mode of fuselage, caused
by large contact forces between water and
structure;
(ii) local failure mode due to excessive pressure.
Both such contact forces and pressure vary
spatially and temporally. They are obtained from
the CFD part of the solution in the preceding
section and used to assess the damage. In the
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(a) diving water entry

(b) pressure distribution and mesh

−30◦

Figure 10. Pitch angle = −30 , angle of approach = 30◦ . This corresponds to Case 3. A video animation
can be viewed at https://www.dropbox.com/s/8iyj9xws4d90avk/comb-30.mp4

analysis of global failure, simple structural models
of beams and rods are used for the fuselage. In
what follows, we give a quick review of how to
study structural breakup upon impact, but defer
the more technical study to a sequel.

Figure 11. The pitch angle is too negative to
recover to the glided ditching attitude. The
plane’s nose dives into the water with little
bouncing motion. This corresponds to Case 3.
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A flying aircraft was modeled in [WY86b] as a
free-free beam with known spatial and temporal
variation of external loading, where the distribution
of bending moments can be uniquely found from
the equations of dynamic equilibrium. Thence, the
maximum cross-sectional bending moment can be
compared with the fully plastic bending capacity
of the fuselage. This will indicate the onset of
structural collapse and break up.
The local failure mode is composed of tearing of
fuselage skin as well as tensile and shear rupture
of the system of stringers and ring frames; cf.
Figure 15. Depending on the impact velocity, the
local failure can involve progressive buckling and
folding of the fuselage or fragmentation. Such
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(a) nose-dive water entry

(b) pressure distribution and mesh

Figure 12. Pitch angle = −90◦ , angle of approach = 93◦ . This corresponds to Case 4. A video animation
can be viewed at https://www.dropbox.com/s/vaf0qenjw0lk5yz/comb-90.mp4.

failure modes occur at low impact velocities, as has
been demonstrated with a real model of a retired
aircraft in DYCAST (Dynamic Crash Analysis of
Structures) by NASA [FWR87]. These findings were
published nearly three decades ago but remain
valid today.

(a)

(b)

Figure 13. Schematics for nose-diving. The ocean
current pushes the aircraft to the right, causing
it possibly to finish belly-up on the ocean floor.
This corresponds to Case 4.
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(a) rolling water entry

(b) pressure distribution and mesh

Figure 14. Pitch angle = −3◦ , angle of approach = 3◦ , but with a left-roll angle of 20◦ . This corresponds
to Case 5. A video animation can be viewed at
https://www.dropbox.com/s/cgvn99okc4ao0i4/combSide.mp4.

There is an incredible complete video recording
of this air disaster, available for viewing at www.
youtube.com/watch?v=sKC9C0HCNH8.
The hijacked wide-body Boeing 767-260ER jetliner flew and rolled into the ocean with the left wing
clipping water and getting torn off first. Immediately
afterward, the same happened to the right wing. The
fuselage went into cartwheeling and broke up. Only
fifty of the 175 crew and passengers survived.
Debris spread over a wide area, and the light
pieces could have floated for a long time.

Box 4. A rolling water-entry case: hijacked
Ethiopian Airlines Flight 961 ditching by
Comoros Island, Africa in 1996.

Fracture failure mode is estimated to happen
when the vertical component of velocity exceeds
certain critical value Vcr . Rupture of fuselage
and wings as shear and tensile cracks will be
initiated and then propagate through the stiffened
shell, leading to global structural failure. This is a
dynamic process whose analysis is very challenging.
Nevertheless, a simple estimate on the onset of
local failure can be given using the condition of
dynamic continuity in uniaxial wave propagation
along a rod based on the equation
(11)
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(a)

(b)

(c)

Figure 15. Three modes of structural failure for a wide-body airliner: (a) flexural failure of rings; (b)
tearing fracture; and (c) shear of the longitudinally stiffened shell. (Adapted from [WY86b, p. 651])

where [σ ] and [u] denote jump discontinuities
across the water-structure interface, ρ = 2.8 g/cm3
is thepmass density of the aluminum fuselage, and
c = E/ρ is the speed of the uniaxial wave
propagation in an elastic rod with elastic modulus
E = 85 GPa (i.e., 109 Pascal). The critical impact
velocity Vcr (vertical component only) is reached
when the stress equals the yield stress of the material
σy . Thus, from (11) one gets the following estimate
on Vcr :
σy
(12)
Vcr =
c.
E
Depending on the material, the critical descending
speed of aircraft is normally in the range of
Vcr = 15–20 m/sec. A common fuselage material
is 2024 T351 aluminum alloy with the yield stress
of σy = 324 MPa (106 Pascal). The critical impact
velocity is thus Vcr = 22 m/sec, which is close
to the value 18.8 m/sec predicted for the water
ditching of the Space Shuttle Challenger, but using
a different approach in [WY86b]. The vertical
component Vcr of V0 , the aircraft speed at ditching,
is related through the angle of approach β by
(13)

sin β =

Vcr
.
V0

Therefore, it is essential to keep the angle of
approach small, especially when ditching with a
high speed.
In addition to structural rupture and disintegration, the acceleration due to free fall and the
deceleration due to the impact of the structure are
important for human survival in a crash. In [WY86b],
it was analyzed that if the vertical component
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of the terminal impact velocity lies in the range
of 62.5 m/sec and 80.5 m/sec, maximum decelerations could reach in the order of 100g to 150g
(g is the gravitational acceleration constant) over
a short period of time, within a regime labeled
“severe injuries” [WY86b, MHV59] by NASA.
Remark 2. According to the numerical simulation
results in the preceding section, the airliner’s skin
will be subject to surface pressure in the order of
6 MPa, which is considerably smaller than the yield
stress 324 MPa of the 2024 T351 aluminum alloy’s.
Thus, at the given (very low!) speed of ditching,
58 m/sec, there appears to be no local fracture
due to yield stress. Any of the structural failures must happen at weak joints, strut-mounts,
and stringer-stiffeners where the engine nascelles,
wings, and fuselage are connected. These belong
to the category of global failures.
The decelerations from computation indicate
a maximum deceleration for all five cases to be
about 6g, which is far smaller than the dangerous
decelerations of 100g to 150g at the end of Remark
1. But the magnitude of decelerations could be far
greater if the speed at ditching is large.
As a consequence of this, it now becomes
clear that the vertical component of the terminal
water-entry velocity should be reduced as much as
possible, such as the glided water-landing approach
taken by Captain Sullenberger for US Airways
Flight 1549 on the Hudson River. That is, some
“pitching attitudes” of the aircraft will yield a much
higher probability of survival by averting structural
damage and decelerations of the occupants [WY86a,
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p. 34]. Indeed, according to Guo, et al. [GLQW13], it
is recommended that, for a transport aircraft with
a low horizontal tail, the pitch angle be chosen
between 10◦ and 12◦ (with an angle of approach of
1◦ ) for safer ditching, which is consistent with the
prediction of (13). Such knowledge enhances air
travel safety and, as shown here, can be obtained
by CFD simulations.

Concluding Remarks
After viewing the five cases of simulation for an
airliner’s water entry and with some rudimentary knowledge about resulting damages in the
preceding two sections, one naturally raises the
question:
Which case is the most likely scenario for the final
moments of Flight MH370?
Our assessment is Case 4; namely, the nosedive water-entry or a water-entry with a steep pitch
angle, is the most likely scenario. This particular
assertion is speculative but forensic, based mainly
on the observations of the computed data in the
prior section, combined with the understanding
of aviation precedents, atmospheric and ocean
surface conditions, due to the following:
(a) So far, there is a total lack of floating debris.
Similarly, oil spills have not been observed,
hinting that the aircraft ran (almost) out of
fuel before crashing.
(b) A smooth gliding water-entry as in Case 1
(similar to US Airways Flight 1549) may result
in only small rupture. But ditching a large
airplane on the open Indian Ocean generally
would involve waves of height several meters
or more, easily causing breakup and the leak
of debris.
(c) As already noted, Case 2 suffers large bending
moment, and buckling and breakup can ensue.
(d) For Case 3, rough waves may also cause
breakup and the leak of debris.
(e) For Case 5, as we have seen from the video
recording in Box 4, there is a high likelihood
of breakup in some middle section of aircraft.
This leaves Case 4 as the main possibility
why no floating debris has been spotted. Again,
this assessment is of a speculative character as
our computer simulations have not included all
aircraft speeds and ocean surface conditions, and
the effects of bending moments. The mystery of
the final moments of MH370 is likely to remain
until someday when its black box is found and
decoded.
The crash of an airliner into ocean is a profoundly
tragic event. But on the mathematical and engineering side, there should be significant interest
in its modeling and computation so that one can
understand the physical mechanisms better in the
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hope of improving aircraft crashworthiness and
survivability. The CFD approach is advantageous in
saving long and expensive processes of laboratory
setup and measurements. Now, with the availability
of increased free and open-source computational
tools and user-friendly software, it has become
much easier for mathematicians to conduct interdisciplinary collaboration with engineers and
physicists for the modeling and computation of
complex, “real world” problems, just as this article
has hoped to demonstrate. Many challenges remain.
Regarding CFD for the study of aircraft ditching in
water, see an excellent review and outlook paper
in Liu et al. [LQG+ 14]. For an analysis-minded
mathematician, it would be nice to formulate a list
of problems dealing with the rigor of generality of
approach, robustness, and stability issues, which
are being considered.
A body of literature already exists for the
computer simulation of rupture and disintegration
of a crashing aircraft (on land or into buildings).
The software by Abaqus [Aba], LS-DYNA [lsd]
and others is known to be able to simulate the
impact and breakup of solids in collisions. But this
component of the problem is too technical and
must be deferred to a sequel.
On any given day, there are hundreds of thousands of people traveling by air worldwide. Air
travel has never been safer and continues to become even safer. According to Barnett [Bar10], in
the 2000-2007 time period, the death risk per flight
on a first-world airliner was 1 in every 2 million:
and 2 million days is nearly 5,500 years! There
are always bound to be unfortunate and tragic
incidents. However, it is to be expected that data
generated by numerical simulations will further
improve passenger survival in emergency water
landings.
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Herbert S. Wilf
(1931–2012)
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Fan Chung, Curtis Greene, Joan Hutchinson, Coordinating Editors

Herb Wilf, Thanksgiving, 2009.

Herbert S. Wilf, Thomas A. Scott Emeritus Professor
of Mathematics at the University of Pennsylvania,
died on January 7, 2012, in Wynnewood, PA, of
amyotrophic lateral sclerosis (ALS). He taught at
Penn for forty-six years, retiring in 2008. He was
widely recognized both for innovative research
and exemplary teaching: in addition to receiving
other awards, he is the only mathematician to have
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received both the Steele Prize for Seminal Contributions to Research (from the AMS, 1998) and the
Deborah and Franklin Tepper Haimo Award for Distinguished Teaching (from the MAA, 1996). During
his long tenure at Penn he advised twenty-six PhD
students and won additional awards, including the
Christian and Mary Lindback Award for excellence
in undergraduate teaching. Other professional
honors and awards included a Guggenheim Fellowship in 1973–74 and the Euler Medal, awarded in
2002 by the Institute for Combinatorics and its
Applications.
Herbert Wilf’s mathematical career can be
divided into three main phases. First was numerical
analysis, in which he did his PhD dissertation
(under Herbert Robbins at Columbia University
in 1958) and wrote his first papers. Next was
complex analysis and the theory of inequalities,
in particular, Hilbert’s inequalities restricted to n
variables. He wrote a cluster of papers on this topic,
some with de Bruijn [1] and some with Harold
Widom [2]. Wilf’s principal research focus during
the latter part of his career was combinatorics.
In 1965 Gian-Carlo Rota came to the University
of Pennsylvania to give a colloquium talk on his
then-recent work on Möbius functions and their
role in combinatorics. Wilf recalled, “That talk was
so brilliant and so beautiful that it lifted me right
out of my chair and made me a combinatorialist
The text of this article draws from several sources, including a tribute written by Chung and Hutchinson for Wilf’s
65th birthday celebration in 1996 (see [9]) and also essential input from Ruth Wilf, who also took most of this article’s
photos. Some of the material in quotes is drawn from Wilf’s
personal notes.
All references to the website of [21] refer to a version of this
article with a full list of references, which are not included
here due to space limitations.
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a distinguished academic
career at Howard and
Clark Atlanta Universities. After completing
his PhD coursework at
Columbia, Wilf worked
full-time for NDA and
later for Fairchild Engine Division on Long
Island, where he headed
the computing section
with a small staff of one
(himself). Wilf’s work at
Fairchild included calculating eigenvalues of a Herbert Wilf, high school
proposed jet engine de- graduation photo, age 16.
sign on the IBM Card
Programmed Calculator (CPC).
Long before most researchers and educators,
Wilf recognized the important connections between computers and mathematics. In the summer
of 1954 he worked for IBM in Manhattan, where
the first mainframe IBM 701 had recently been
unveiled. He and his MIT roommate Tony Ralston
worked in the display window of IBM’s headquarters on Madison Avenue, an experience he
described as “heady stuff.” They spent the first
month learning how to program, since neither
had ever seen a computer before. Eventually, they
wrote a program implementing a multistage linear
regression analysis, following a method developed
by Mike Efroymson, then of Esso (now Exxon)
Corp. The program was used by Esso to control
the quality of refined gasoline. Together, Wilf and
Ralston edited the first volume of Mathematical
Methods for Digital Computers, followed by two
more volumes a few years later.
After receiving his PhD from Columbia in 1958,
Wilf taught for three years at the University
of Illinois. In 1962, after visiting Penn during
a year-long celebration of Hans Rademacher’s
seventieth birthday, he received an offer to stay on
permanently, which he accepted.
Wilf was a superb teacher. His lectures were full
of delight, always finding the easy and graceful
way to reveal the inner workings of mathematics.
Wilf’s philosophy in teaching was reflected in his
article “On buckets and fires” [8], named after
the quote “A mind is a fire to be kindled, not
a bucket to be filled.” Throughout his years at
Penn, Wilf lit that fire in numerous undergraduates,
graduate students, colleagues, friends, and other
researchers. In particular, his PhD students have
directly benefitted not only by his teaching but also
from his example of how to be a mathematician.
The computer continued to play a key role in
both Wilf’s research and teaching. He and Albert
Nijenhuis masterfully integrated FORTRAN with
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on the spot.” The next year Wilf took a sabbatical
leave in London, where he spent his time in the
library at Imperial College exploring combinatorics
by reading “every issue of Math Reviews starting
from the creation of the world.” By the end of the
year he had proved a result [4] which he described
as his “debut”: The chromatic number of a graph
G is at most 1 plus the largest eigenvalue of its
adjacency matrix, with equality if and only if G is
a complete graph or an odd circuit.
In fact, an earlier paper [3], written with N. J.
Fine, shows signs of Wilf’s developing interest in
combinatorics. It contains the following result: If
two infinite periodic sequences {an } and {bn } have
periods p and q respectively, and an = bn for p+q−
gcd(p, q) consecutive integers n, then an = bn for
all n. Furthermore, p + q − gcd(p, q) is the smallest
possible value making the statement true. This
result and its continuous generalizations became
collectively known as the “Fine-Wilf Theorem,” and
[3] has been widely cited in both the math and
computer science literature.
From then on, Wilf had a profound influence in
numerous areas of combinatorics, including graph
theory, discrete algorithms, enumeration, asymptotics, and generating functions. Wilf’s pioneering
work [5] with Doron Zeilberger on computerized
discovery and proof of hypergeometric identities
resulted in the book A = B (with Marko Petkovšek),
as well as the AMS Steele Prize citation in 1998.
In addition, Wilf made notable contributions to
the study of permutation patterns, for example,
the Stanley-Wilf conjecture (see [6]), which stimulated much interest until it was settled in 2004
by Marcus and Tardos [21]. Much of his later
work was on generating functions and enumerative problems, and he was especially known for
his work on integer partitions. For example, his
typically succinct and gemlike paper with Neil
Calkin [7] contains this result: The positive rational
numbers are uniquely enumerated by the sequence
{b(n)/b(n −1)}, where b(n) is equal to the number
of ways of writing n as a sum of powers of 2, each
repeated at most twice. To prove this theorem,
the authors invent a structure which subsequently
became famous in its own right as the “Calkin-Wilf
tree.”
While still an undergraduate at MIT, Wilf began
taking summer jobs at Nuclear Development
Associates, which did consulting work for utility
companies trying to build electric-power-nuclear
reactors. He described the young staff as “incredibly
brilliant and idealistic as they faced the new
frontier.” Wilf recalled being greatly influenced
by Gerald Goertzel, a physicist then at NYU, and
J. Ernest Wilkins, a pioneering African American
mathematician and physicist who later enjoyed

347

Photo courtesy of Ruth Wilf.

348

combinatorics, as seen
in their book Combinatorial Algorithms. Wilf’s
interest in computers
continued to grow and
flourish in his celebrated
work with Petkovšek and
Zeilberger, which employed computers in a
novel way and probed
the boundaries of what
had previously been recognized as mathematical
proof.
Wilf cofounded two
major journals: Journal
of Algorithms in 1980
Herb and Ruth Wilf with his with Donald Knuth and
beloved Cessna, early 1990s. the Electronic Journal of
Combinatorics in 1994 with Neil Calkin, for which
he served as an editor-in-chief. During his tenure as
the editor for the American Mathematical Monthly
(1987–91), he contributed a series of illuminating expository articles in addition to fulfilling his editorial
duties. In his long and prolific research career, Wilf
published seven books and more than one hundred
sixty research articles, collaborating in the process
with more than sixty mathematicians. He was an
early advocate of open access to books and journals
and worked with his publishers to make most
of his books available for free downloading from
his Penn website www.math.upenn.edu/~wilf/.
Many of his books remain accessible there,
including Mathematical Methods for the Physical Sciences, Combinatorial Algorithms, Algorithms and Complexity, generatingfunctionology,
and A = B .
Wilf remained deeply engaged with mathematics after retiring from Penn, teaching a course
regularly, publishing ten papers in the last five
years of his life, and collaborating intensively with
research colleagues by email even when illness
limited his mobility. Throughout his career he
was a highly regarded lecturer and traveled extensively giving invited talks at conferences and
colloquia throughout the world. In May 2011 he
attended an eightieth birthday conference in his
honor at Wilfred Laurier University in Waterloo,
Ontario. At that conference he gave a talk on two
recent papers with Penn biology colleague Warren
Ewens on combinatorial and statistical problems
in mathematical biology [10], [11], published in the
Proceedings of the National Academy of Sciences.
An earlier conference had been held in 1996 at
the University of Pennsylvania to celebrate his
sixty-fifth birthday (see [9]).
The intensity and diversity of Wilf’s interests
extended far beyond mathematics. For about

twenty years, until 2002, he was an avid amateur
pilot, often flying himself to conferences and
mathematical events in his single-engine Cessna.
His travels as a pilot included many coast-to-coast
flights in the US and trips with his wife to Alaska,
Baja California, Nova Scotia, Newfoundland, and
the Bahamas, among other places. Hobbies to
which he devoted himself at various times with
similar passion included large-format photography
and developing, astronomy and telescopes, bread
making, bird-watching, and boating.
Wilf is survived by his wife, Ruth Tumen Wilf,
whom he married one month after receiving
his BS degree from MIT in 1952. Within four
years they had two children, Susan and David,
followed by Peter seven years later. While juggling
family responsibilities and finishing his own PhD
at Columbia, he also provided moral and other
support to Ruth as she completed her PhD in
zoology at Columbia. She subsequently shifted
gears to become a certified nurse-midwife and is
now only partially retired after enjoying a long and
active professional career. Wilf was devoted to his
family and took great interest in his children and
six grandchildren.
Mathematical friends, colleagues, and students
inevitably became the Wilfs’ friends and were
beneficiaries of their gracious hospitality, either
at home in Narberth, Pennsylvania, or at their
shore house in New Jersey. On these occasions, the
Wilfs often delighted in taking guests on boating
expeditions on Barnegat Bay to spot birds and
other wildlife and at night to stargaze and watch
meteor showers.
Herb Wilf’s playful humor, warmth, and generosity were essential ingredients of his personal
and mathematical interactions of all kinds. These
qualities resonate throughout the remembrances
of his mathematical friends and collaborators
which accompany this article.

Donald E. Knuth
Herb Wilf was a giant in many ways. Not only was
he the tallest mathematician I ever met, he also
stood out as one of the “most significant figures” in
my own life. As I write these reminiscences, three
months after his untimely death, I’m astonished
at how many times each day I still am reminded
of things that I learned from him. He taught me
about mathematics, he taught me about pedagogy,
he taught me about leadership, he taught me about
living life to the fullest, and he introduced me to
some of my favorite jokes. Alas, I’m forced now to
realize that the number of things I’ll learn from
Donald E. Knuth is professor emeritus of The Art of Computer
Programming, Stanford University.
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him is bounded above. But my good fortune has
been that the lower bound is already quite high.
I actually met Herb rather late in life, although
of course I’d heard his name rather often before we
ever connected. In the spring of 1974 he published
an abstract announcing a new way to generate
uniformly random partitions of a given integer,
and I wrote to ask for a preprint. By the fall
of that year he had sent me a complete draft
manuscript of his book with Albert Nijenhuis,
Combinatorial Algorithms, and our decades of
correspondence began in earnest. By the 1990s we
were writing letters back and forth about once per
month, mostly trading conjectures or solutions to
problems of common interest.
At the beginning of 1979 he presented me a
sweet offer: He foresaw the need for a new journal,
to be entitled Journal of Algorithms (a perfect title!),
and he asked me to serve as founding coeditor,
although he promised to do 99 percent of the work.
Naturally I agreed. Typical of my own involvement
was the following quote from a letter that I sent
him in April: “In any case I wish to leave the final
decisions about these matters to you, and I will
sign what you tell me to. (If the typography of the
journal turns out to be unacceptable, I’ll scream
though.)” His vision was indeed prophetic, and JoA
immediately began to thrive.
One of my fond memories from the ’80s is the
time that he sent me a bouquet of roses. I had
submitted a paper under a pseudonym—a female
name, in fact—in hopes of getting referee reports
that were based entirely on the content of my
work rather than on my inflated reputation. Herb
agreed to this experiment (and later did a similar
thing with a paper of his own that he submitted
to the American Mathematical Monthly). When he
wrote to my alter ego, acknowledging receipt of
the manuscript, he added, “By the way, if you’re
free next Saturday night, I have a couple of tickets
to ….” And the roses arrived after the paper was
accepted.
He also contributed a priceless guest lecture
to a course called Mathematical Writing that I
taught at Stanford in 1987. Among other tidbits,
he demonstrated how to write up a typical theorem
in two dramatically different styles: one, for Acta
Hypermathica, was called “Enumeration of orbits
of mappings under action of Cn , the cyclic group;”
the other, for MathWorld, was called “Counting
necklaces” (see [21]).
We enjoyed submitting a paper together [12] to
Crelle’s venerable Journal für die reine und angewandte Mathematik, extending a result that E. E.
Kummer had contributed to the same publication
some 137 years earlier.
Herb’s continuing foresight led him to launch
one of the very first eJournals, the Electronic

Don Knuth and Herb Wilf at Knuth’s 64th
birthday conference, 2002.

Journal of Combinatorics, in 1994. Although way
ahead of its time, it was another magnificently
successful venture.
Let me close with one other indelible memory.
On the occasion of my sixty-fourth birthday—
that’s THE BIG ONE for a computer scientist!—Herb
was the keynote speaker, and he even presented
me with an original theorem (see www.math.
upenn.edu/~wilf/website/tributes.html).
Thus it’s no surprise that when I lectured to
Stanford’s theory students on January 19, 2012,
I dedicated my talk to Herb’s memory and wore
a yellow T-shirt that exhibits the Calkin-Wilf
sequence [7].

Aviezri S. Fraenkel
Herbert Saul Wilf was a great alchemist. Anything
he touched turned into pure gold, be it spreading
the word, applications of math, or pure math. Here
are a few examples out of many.
Spreading the Word. Herb recognized early the
importance of the budding algorithmics era and
swiftly founded the J. of Algorithms, together with
Don Knuth; he noticed the emerging Internet and
promptly pioneered, jointly with Neil Calkin, the
Electronic Journal of Combinatorics, which became
highly influential and boasts nowadays over a
thousand submissions annually; he was the editorin-chief of the American Mathematical Monthly,
and was on the advisory board of Integers and
the Electronic Journal of Combinatorial Number
Theory.
Applications of Math. We note Herb’s two recent
ventures into the life sciences, both of which lean
heavily on math. For both he teamed up with
biologist Warren Ewens. First there is the contribution to epidemiology [10], which suggests that a
certain outbreak of childhood leukemia in a small
community is not uncommon, with high probability, whereas the outbreak of acute lymphocytic
Aviezri S. Fraenkel is professor of computer science and
applied mathematics, Weizmann Institute of Science. His
email address is aviezri.fraenkel@weizmann.ac.il.
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Aviezri Fraenkel and Herb Wilf, May 2010.

leukemia in another small community cannot be
explained by chance, with high probability. Second,
there is the profound insight into the theory of
genetic evolution [11], advancing bold new ideas
of replacing in series by in parallel processes, thus
removing the obstacle that evolutionary theories
take too much time.
Pure Math and Applications to Pure Math. Herb saw
Z and made it into the ground-breaking WZ, which
got the authors an AMS Leroy P. Steele Prize for
Seminal Contributions to Research; he had a look
at the rationals and created the short, elegant,
and influential paper, joint with Neil Calkin [7], to
count the rationals in a beautiful new way. This
result even finds an unexpected application in
combinatorial game theory [21].
How come everything Herb touched became
pure gold, having immediate yet lasting impact?
On the face of it, Herb’s contributions to math
applications aren’t all that surprising. After all,
Nobel laureate physicist Eugene Wigner wrote “The
unreasonable effectiveness of mathematics in the
natural sciences” [21]. Math is being recognized
more and more as the dominating ingredient
for successful research of an increasing number
of disciplines. It’s a gate-opener to the natural
sciences.
However, not everybody has the keys to these
gates. Most mathematicians have either a continuous soul or a discrete soul. Herb had an integrated
global soul with a complete command of both.
Being a master locksmith, he created the skeleton
key for all those gates while sharing a kind and
feeling soul with his family, friends, and mankind.
This is not the entire story. Herb had a passion
and love for math, doing math constantly, much
like Paul Erdős did but without the eccentricity of
the latter. His talent, elegance, precision, efficiency,
inner strength and integrity, drawing on his global
command of math, were the rock foundations that
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guided him unfailingly into the truly promising
directions in research as well as in spreading the
word. These qualities enabled him to strike gold.
I visited him about two months before his
untimely departure. His wife, Ruth, had made a
major transformation, lovingly turning their home
into a hospice-like ward to ease his condition as
much as possible and enable him to work under
the illness constraints. He told me in his usual
friendly manner: “This illness will kill me,” while
continuing life as usual, loving his family and his
math, the latter much the same way as Bertrand
Russell [21] did:
Mathematics, rightly viewed, possesses not
only truth, but supreme beauty cold and
austere, like that of sculpture, without
appeal to any part of our weaker nature,
without the gorgeous trappings of painting
or music, yet sublimely pure, and capable of
a stern perfection such as only the greatest
art can show. The true spirit of delight, the
exaltation, the sense of being more than
Man, which is the touchstone of the highest
excellence, is to be found in mathematics
as surely as in poetry.
Herb himself was neither cold nor austere but
radiated a warm, gentle, and special Herb light.
His contributions and meteor will continue to live,
spread, and shine for generations to come.

Doron Zeilberger
It is hard for me to write something solicited about
W. He was the better half of “WZ pair” and “WZ
theory.” If I had to choose one word to describe
him, it would be “intertwined.” His beloved wife
of sixty years, Ruth Tumen W., said in her eulogy,
“For him research and teaching were intertwined.”
I wholeheartedly agree, but not only teaching and
research. The computational and the conceptual,
the pure and applied, the big picture and the
nitty-gritty details of FORTRAN or Mathematica
code, research and exposition (and, boy, was he a
great expositor!), the professional and the personal,
and so on and so forth.
He was also way ahead of his time! When
computers were just starting to get used, he
edited, in the late fifties, together with Anthony
Ralston, a seminal “cookbook” telling people how
to solve mathematical problems with computers,
complete with flowcharts and pseudocode (before FORTRAN!). Fifteen years later, he cowrote
with Albert Nijenhuis the bible of combinatorial
algorithms, which intertwined theory and implementation. When the Internet started, he pioneered
Doron Zeilberger is Board of Governors Professor of
Mathematics, Rutgers University. His email address is
zeilberg@math.rutgers.edu.

Notices of the AMS

Volume 62, Number 4

Marko Petkovšek
I first got in touch with Herb while working on
my thesis in computer science at Carnegie Mellon
University under the supervision of Dana Scott in
the first half of 1990. By then I had implemented a
package for solving recurrences by the method of
generating functions in Mathematica, which at the
time was just two years old. My plan was to design
an algorithm for finding Liouvillian solutions
of linear difference equations with polynomial
coefficients, in analogy to the well-known KovacicSinger algorithm in the differential case. I realized
that one should work with difference rings rather
than fields but was unable to develop the requisite
Galois theory (Singer and van der Put did that in
1997). So I tried the “small steps” approach. First
I looked for polynomial solutions, which was not
too difficult. Then I tried to find rational solutions,
but could not get a suitable denominator. I was
not aware that Sergei Abramov had solved this
problem in 1989. But I had just learned about
Gosper’s algorithm and hypergeometric terms
from the newly published Concrete Mathematics
by Graham, Knuth, and Patashnik, pointed out to
me by my fellow graduate student Todd Wilson.
I managed to come up with an algorithm for
finding hypergeometric solutions but was still in
the depths of despair: my original goal seemed
just as remote as when I started, I felt that I had
no good results to put in my thesis, and my time
was running out, since I had to return home by
October that year.
Luckily for me, Herb’s generatingfunctionology
appeared in 1990 as well, and my advisor presented
me with a copy fresh from the press. At the end
of the preface Herb invites readers to send him
corrections. After reading the whole book avidly,
I did so. As an afterthought, I mentioned in
Marko Petkovšek is professor of discrete and computational
mathematics, University of Ljubljana. His email address is
Marko.Petkovsek@fmf.uni-lj.si.
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my message that I had an algorithm for finding
hypergeometric solutions. Immediately I got a
most enthusiastic reply, which changed my life:
Herb explained to me that this was just the missing
piece of the puzzle that he and Doron Zeilberger
needed to solve the old open problem of whether
a definite hypergeometric sum could be expressed
in closed form. In short, without knowing it, I
already had a very good result, and I was saved!
But Herb did not satisfy himself with that: he
wrote a circular letter to George Andrews, Richard
Askey, Donald Knuth, and Dana Scott, telling them
what a great thing I had done. My advisor was, of
course, happy about this turn of events too. At
my defense in September, before any questions
were posed, he stood up and read Herb’s letter
out loud. After that, the question period was a
breeze for me. … Herb also invited me to visit the
University of Pennsylvania and give a talk there
after my defense in Pittsburgh. He said that he
would invite Doron as well, adding that he was
not sure if Doron would come. But Doron came,
and after my talk he posed two questions. I don’t
remember what they were, but I do remember that
they were right to the point and that I was amazed
at how insightful Doron was. This was the first
time that I met Herb and Doron in person.
The second time that Herb affected my career
was in September 1993 at the Symbolic Computation in Combinatorics ∆1 meeting at Cornell
University. One day
during dinner at the
famous Moosewood
Restaurant in Ithaca,
NY, Herb took me and
Doron aside and proposed that we write
a book about automated proofs of
identities involving hypergeometric sums.
We agreed, and Herb
drafted the table of
contents for nine chap- Doron Zeilberger, Herb Wilf,
ters, which we divided Gainesville, 2005.
among us. In two years, Doron and I wrote two
chapters each, and Herb wrote the remaining five
chapters. I would have kept working on the draft
forever, correcting errors and polishing the details,
but Herb urged us to hurry because things were “in
the air” and there was the possibility that others
might overtake us. He selected the publisher—Alice
and Klaus Peters, his good friends. Herb prepared
a list of fifty or so possible titles for the book, one
wittier than the next. In the end, we settled on
the eye-catching A = B. The book was published
in December 1995. Although I am listed as the
first author because Herb and Doron insisted on
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the Electronic Journal of Combinatorics, a free(!)
online journal. He convinced the publishers of his
numerous books to post his books freely on the
Internet, thereby being a pioneer of open access
and open source code. When Tim Gowers asked
him to write the entry for the Princeton Companion on Mathematics “Enumerative and Algebraic
Combinatorics,” he politely refused but suggested
that he write instead an entry “Mathematics: An
Experimental Science,” thereby introducing this
avant-garde subject into the canon of mathematics.
And his mathematics was divine! See also
www.math.rutgers.edu/∼zeilberg/ for lectures and talks, especially the lecture “Herb Wilf,
in memoriam,” February 2, 2012.
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alphabetical order, Herb was without a doubt the
principal author.
The third time that Herb made a difference in
my life was in 2006 when I was in the middle of
my two-year stint as department head in Ljubljana.
I was desperate about how I was going to survive
it, and he offered me the chance to “recuperate”
on a sabbatical afterwards. So I spent the spring
term of 2008 as a visiting scholar at the University
of Pennsylvania, which helped me get my research
back on track. But most of all, Herb inspired me
with his unfailingly positive attitude, his wit and
good humor, his warm personality, his kindness
and care for his students and coworkers. When I
was doubting my mathematical abilities, he gave
me his paper “Self-esteem in mathematicians” [20],
intended for young mathematicians with just this
kind of insecurity, and it helped me a great deal.
To put it simply, he was the rare kind of person
who makes the people around him happy. He was a
great mathematician and could have behaved like a
prima donna, but he never did. Just the opposite—
he was a wonderful human being, uncomplaining
and unselfish, sensitive to the needs and feelings of
others, and that is how he lives on in my memory.

Neil Calkin
Some memories of my friend and mentor, Herbert S.
Wilf: I first met Herb at a conference on the West
Coast, I believe in 1985 when I was still a beginning
graduate student. He was incredibly generous with
his time and attention, and especially with his
ideas.
The next time I met him, a couple of years
later, he remembered me and what sorts of things
I was interested in and took care to pose some
questions he thought might interest me. Over the
next few years we met up at conferences often and
would talk and developed ( I feel, at least) a close
friendship.
In 1993, at Herb’s former postdoc Jamie Radcliffe’s wedding, I learned of the World Wide
Web and of the beta release of NCSA’s Mosaic
web browser. Consequently, the following January,
when Herb suggested that we needed a mailing
list in combinatorics, I was ready to suggest that
the time was right to start an online journal in
combinatorics, a much more ambitious project.
The very same day (I don’t know whether it was
before or after I talked to him) Fan Chung also
mentioned Mosaic to him, and so the project
seemed like it might be interesting.
Herb was travelling to a meeting in Bordeaux a
few days later on a two-week trip and said he’d
consider the idea upon his return. So I got to work
Neil Calkin is professor of mathematics, Clemson University.
His email address is calkin@math.clemson.edu.
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learning how to set up a web server, write HTML
and CGI scripts, and put together a mock-up of
the journal, including fake papers such as “On the
structure of the empty set,” by Neil J. Calkin and
Herbert S. Wilf, and “On the number of subsets
of the empty set,” by Herbert S. Wilf and Neil J.
Calkin.
On seeing the mock-up, Herb immediately
recognized that the technology was mature enough
to realize our vision, and so he set about the much
harder task of assembling a stellar editorial board
and twisting arms to get some excellent papers
for the first volume of the Electronic Journal of
Combinatorics (E-JC). We announced the journal
to the world a mere three months later, in April
1994, and it has gone from strength to strength
since then.
For a while we were seen as leaders in the new
field of electronic publishing in mathematics and
were invited to various gatherings to discuss our
endeavors. At one meeting, at MSRI, I referred to
the E-JC as being like “my child,” and I remember
how upset he was at the time: ever after, I referred
to it as “our child”!
There was a great deal of skepticism among
some in the publishing community that E-JC could
survive: People told us we didn’t have a sustainable
model, that it was bound to fail for lack of interest,
that people wouldn’t take it seriously, and most
worryingly, that once Herb and I were not involved,
it would fall apart. At least partly with this in mind,
we both made efforts to bring other people into
the fold and to step back when the time was right
so that others could demonstrate that the E-JC had
an existence beyond either one of us. And I think
that, looking at how strong the journal is now, we
have proved that point!
Herb and I wrote three papers together. It could
have been many more had we been in closer
physical proximity—for all my love of electronic
communication, I still work better in the same
room with my collaborators. That said, working
with Herb via email was a delight: bouncing ideas
back and forth until we’d obtained a beautiful
result or discovering that we’d just reinvented
something in Chapter 4 of Comtet’s Combinatorial
Analysis.
Our first paper, “On counting independent sets
in grid graphs,” remains one of my most cited
papers: it was the convergence of work that each of
us was doing independently (in my case, building on
work I’d done some years earlier in my thesis; in his,
building upon a paper on counting nonattacking
configurations of kings). It’s apparently of great
interest in the IEEE community, and as the results
are not yet sharp, it’s a problem I still return to
frequently.
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Our second paper, “Recounting the rationals,”
has garnered more attention for me than anything
else I’ve been involved with. I’ve had more than
twice as many emails and comments about that
paper than on all my other work combined. There
is a Wikipedia page about the “Calkin-Wilf Tree”
(which we didn’t name!) and one can even buy a
T-shirt with a wonderful picture of the tree and
rendition of our proof.
I learned a very important lesson on that paper:
not to give up! When we submitted the paper, a
referee pointed to a paper in a birthday conference
proceedings which proved some of the results we
had proved. Naturally we withdrew the paper. Herb,
however, recognized that although the countability
of the rationals was incredibly well known, it was
worth writing up our proof of that, and so the note
in the Monthly came about. I tell all my students
this story as a life lesson!
Our final paper together, “On a shooting game
of Lampert and Slater,” with Rod Canfield, was a
delight to research and a joy to write. It showed
Herb’s touch and grace: when we couldn’t analyze
the original question, he suggested a simpler model
which we were able to analyze exactly. This led
us first to being able to understand what the
behavior of the shooting game would be and then
to developing a technique to prove it—incidentally,
requiring fairly heavy computation along the way,
making it very much of the flavor of experimental
mathematics.
Herb and I would frequently send emails back
and forth about various topics in mathematics:
I remember one long exchange in which I was
developing all sorts of ideas, with Herb sending
encouragement after encouragement after encouragement until finally he realized that I had recreated
Faà di Bruno’s not-well-enough-known formula for
the derivative of a function of a function. He made
sure that I knew not to be disheartened by this, to
understand that to rediscover something gorgeous
is good in and of itself. This was typical of his
generosity of spirit and nurturing manner.
Herb was tremendously supportive of me in
all ways, not least by writing letters of reference
and recommendation for me for jobs and (I
believe) tenure and promotion. He was a wonderful
mentor to me, an inspiration mathematically and
pedagogically, and a great man. I am very fortunate
to have called him my friend and feel incredibly
honored that he called me friend in return. He is,
and will remain, sorely missed.

Herb Wilf, Boca Raton, 2002.

Rodney Canfield
I treasure time spent one-on-one with Herb, usually
at conferences, visiting and chatting, mostly about
math, of course, but over the years I learned a little
about his interesting personal history. He told me
about living with his Aunt Martha while his parents
were overseas for a while and about going off to
MIT as an undergraduate. He painted a picture of
a rather naive young man but one who had many
adventures.
Even before graduate school at Columbia, Herb
began his acquaintanceship with computers. The
delightful story of how in 1951 he came to be
employed by Nuclear Development Associates
while searching for duplicate bridge opportunities
is told on his website in an essay honoring his
mentor, Gerald Goertzel. (Also among his fellow
programmers was Alicia Nash.) Throughout his
career Herb was enthusiastic about new ways to
use computers in mathematics. He was among the
first I knew to use TEX or email or to embrace the
Rodney Canfield is professor of computer science, University
of Georgia. His email address is erc@cs.uga.edu.
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World Wide Web. Regarding the latter, in 1994, in
collaboration with Neil Calkin, he founded an online
journal, the Electronic Journal of Combinatorics.
Then and now, in addition to being delivered via
the WWW, the journal adheres to the dual goals
of being cost free to readers and authors and of
leaving copyrights with the authors. Presently, the
future of scientific publication and the role of
commercial publishing companies therein are very
much in the limelight. (See the June/July 2012 issue
of the Notices, for example.) In the preelectronic
publishing days (1979) Herb was also the founding
editor, along with Donald Knuth, of the Journal of
Algorithms.
My first personal contact with Herb came when
he was the editor of the Monthly, in the form of
a request for a referee’s report. Although I had a
lot to say about the paper, I lacked the confidence
to say it and kept putting the report off. I got a
stern reminder that it was due, and so I didn’t
know how else to proceed except to write up what
I had been thinking. I got back a prompt thank-you
note saying, “Well-worth waiting for,” and it was
most gratifying. Shortly after this, thanks to Ed
Bender’s friendship with Herb, I had the chance to
attend an informal math workshop at Herb’s beach
house on the New Jersey shore. Besides Ed and me,
Bob Robinson, Bruce Richmond, and Nick Wormald
were in attendance. We did math endlessly, and it
is truly a fond memory.
For about the last twenty-five years I had fairly
regular correspondence with Herb. Any time I had
a question or wanted an opinion, I could write and
receive an immediate useful reply. I tried not to
overdo my welcome and also to reciprocate by
being a good correspondent. It was not so hard
for me, because I did not have people all over the
world writing to ask me my opinion, as I am sure
Herb did. I suspect he was just as prompt with
virtually all inquiries, and I am mystified as to how
he did it. Part of the answer is that he had such a
fine mind, and the other part is a testimony to his
dedication.
When it comes to talking about Herb’s accomplishments in research, it is literally impossible to
know where to start. Surely one of the most lasting
and significant breakthroughs was his work with
Doron Zeilberger on the WZ pairs. For me personally, certain other of Herb’s interests are especially
appreciated. His original book with A. Nijenhuis
Combinatorial Algorithms, published in 1978, is
one of my prized possessions. I have spent an
incredible amount of time with that book. The
various problems associated with efficient listing
and navigating through combinatorial objects, I
think, are totally absorbing. Besides this work
on combinatorial algorithms, Herb has authored
an impressive number of other influential books,
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including works on identities, algorithms and complexity, numerical analysis, mathematical methods
for the physical sciences, integer partitions, and
generating functions. I’d like to say something
about the last.
The generating function, historically as old at
least as Laplace, is one of the most powerful and
dependable tools in combinatorics. As a graduate
student I soaked up the tricks and techniques of
generating functions, but later in an undergraduate
course my students were perplexed by the topic.
When they asked for a good reference on the topic,
I had no ready response—until, that is, 1990, when
the first edition of Herb’s generatingfunctionology
appeared. A beautifully written, appropriately
titled, and totally useful text, it is a perfect starting
place for ambitious students and well worth the
occasional visit from the expert.
In the last chapter of generatingfunctionology
Herb comes to analytic and asymptotic methods.
In the preface he likens using generating functions
only in the formal sense without analysis to
listening to a symphony in stereo but with only
one channel turned on. Given his mathematical
roots, it is no surprise that as Herb turned his
attention to combinatorial problems, he brought
along an abundance of analytic techniques. Having
myself been once congratulated on having the only
contour integral at a combinatorics conference,
this love of analytic methods was a common bond
for us. In 1990, when generatingfunctionology
appeared, it had been twenty-two years since
Herb published the paper “A mechanical counting
method and combinatorial applications.” In that
paper he combined Cauchy’s formula for coefficient
extraction with inclusion-exclusion. In his review
of the paper, David Klarner wrote, in part, “Using
these results the author (a) describes a formula for
the number of Hamilton circuits in a connected
graph involving about n4 2n operations, (b) finds
the number of 1-factors of a graph, (c) gives a new
formula for the permanent of a square matrix and
derives Ryser’s formula, (d) solves the generalized
‘problème des ménages,’ and (e) gives inequalities
for the permanent function which are superior
in some cases to the old bounds. It should be
clear from this impressive list that the elegant
generating function technique developed in this
paper is worthy of further study.”
Our favorite topic was integer partitions. We
often wrote and talked about these and worked on
a number of problems. Here is one. Notice that if
you allow yourself the binary powers 1, 2, 4, . . . as
parts and only 0 and 1 as multiplicities, then there
is exactly one partition of each positive integer
n. Problem. Do there exist an infinite set of parts
A = {1 ≤ a1 < a2 < · · · } and an infinite set of
multiplicities M = {0 = µ1 < µ2 < · · · } such that
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p(n; A, M), the number of partitions of n whose
parts belong to A and whose multiplicities belong
to M, that satisfy:
• p(n; A, M) > 0 for all n sufficiently large,
• there exists constant C such that
We were unable to resolve this question, and it is
listed as unsolved problem #2 on Herb’s website.
Recently, Noga Alon has given a complete solution;
see Integers, Volume 13, 2013.
Besides his monumental body of work and his
generous service to the profession, Herb had a
profound effect on many younger persons who
love mathematics. He posed intriguing problems
of just the right level of difficulty. He was a great
source of encouragement, and we are all left with
a deep sense of personal loss at his passing.

Albert Nijenhuis
When Herb Wilf, then a junior faculty member at
U. Illinois, came to Penn in the spring of 1962
as part of the year-long Hans Rademacher retirement conference, I. J. Schoenberg, the department
chairman, was so impressed by this young man
that, in consultation with the department and
the university dean, he offered him an associate
professorship with tenure. Herb accepted with
pleasure, looking forward to an active relationship.
Things worked out differently. Within a year,
Schoenberg moved elsewhere. Herb continued
working on his other numerous interests but was
looking for another focus.
In 1964 I joined the Penn mathematics department, still actively involved with deformation
theory, but I sensed this was approaching its end.
I was also looking for a new focus and had had
occasional contact with Herb.
Around that time, the faculty and students at
Penn gained access to the mainframe computer
on campus. The procedure was clumsy, but Herb
and I were both interested. Herb had previous
experience with computers: In his graduate student
days he had participated in a project simulating
the operation of a nuclear reactor. At that time
machine language was used; now FORTRAN was
available. Here we found an area of mutual interest.
Herb was the first to teach a section of Freshman
Calculus that required the use of a computer;
others followed. He also wrote an introductory
booklet on FORTRAN, less detailed but more
accessible to beginners than standard texts. We
discovered how suitable computers are for the
exploration of combinatorial structures, as well
Albert Nijenhuis was affiliate professor of mathematics,
University of Washington. He passed away on February 13,
2015.
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p(n; A, M) = O(nC ), n → ∞?

Albert Nijenhuis, Herb Wilf, 1996.

as number-theoretical questions. Herb decided
to become a combinatorialist and spent much of
1966–67, while on leave at the London Imperial
College, acquainting himself with the field.
During the year 1973–74 Herb was on leave at
Rockefeller University on a Guggenheim Fellowship.
When he returned to Penn, he brought with him an
outline for a book. It was an early version of what
would be our book, Combinatorial Algorithms.
Each chapter would contain a mathematical discussion, followed by an algorithm and a FORTRAN
program. The book was therefore both a textbook
suitable for a combinatorics course and also a
reference for immediate application.
The chapters that deal with “combinatorial
families” have a novel feature. Each time the
algorithm is called, it chooses another member of
the family. The sequencing rule for the choices
depends on the nature of the family. One option is
uniform randomness; another interesting one is
the so-called “revolving door” method.
In spite of some mixed reviews, the book was
well received. The first edition in 1975 was followed
by the second in 1978. Gradually, FORTRAN went
out of style, and we did not envision another
edition. However, when Herb made a number of
his books freely available online, this book was
among them, and from then on it has enjoyed an
unexpectedly large number of “hits.”
During our twenty-or-so years together at Penn,
there was steady traffic between our respective
offices, resulting in published papers and chapters
in the book. At the same time, Herb kept up with his
other interests, resulting in papers on a variety of
subjects with a variety of coauthors. His teaching
at Penn earned him a distinguished campuswide
award and his guest lecturing a national MAA
award. The latter activity was aided by Herb’s
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Back row: David Wilf, Peter Wilf, Eugene Zima
(conference coorganizer), Ruth Wilf, Susan Wilf,
at the W80 birthday celebration, Waterloo, 2011.

private airplane, which provided his preferred
mode of travel.
Herb had many hobbies, often shared with his
wife, Ruth. These included flying, birding, boating,
photography, gadgets. He and Ruth created a warm
and hospitable environment as they informally
entertained their friends at their shore house in
New Jersey. Always present: Herb’s lightning-quick
sense of humor.

Carla D. Savage
I first met Herbert Wilf in 1988 at the SIAM Conference on Discrete Mathematics in San Francisco. He
gave a spectacular invited address about combinatorial algorithms, the subject of his 1989 SIAM
monograph.
He posed several intriguing questions about
combinatorial Gray codes. I solved one and wrote to
him about it. Herb was enthusiastically encouraging
and invited me to the University of Pennsylvania
to give a talk.
What is so special about Herb is that the previous
paragraph could have been written about him by
any one of the dozens of mathematicians he has
inspired and encouraged through the years.
I accepted Herb’s invitation to give a talk, and we
started an email correspondence about problems
and results. Herb’s wit is legendary, so, as you
can imagine, those emails are full of gems. He put
me in touch with Gray code expert Frank Ruskey,
my collaborator on several interesting projects
through the years.
Herb Wilf was a great problem solver who made
many contributions to mathematics. But he also
Carla D. Savage is professor of computer science,
North Carolina State University. Her email address is
savage@ncsu.edu.
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loved learning and communicating about mathematics. I think one of the things he most enjoyed
about his work with the Journal of Algorithms, the
American Mathematical Monthly, and the Electronic
Journal of Combinatorics, was getting to be the
first one to hear about new results. And he was
masterful at explaining hard mathematical ideas
inside of books with playful titles, like generatingfunctionology and A=B, with Petkovšek and Zeilberger.
Our first collaboration was not until 1996. Herb
suggested some questions about integer partitions,
and he allowed me to include a few students in
our discussions (one of them was Sylvie Corteel).
They made some great discoveries and became our
coauthors [16], [17]. During this time, Herb flew
his plane down to N.C. State to give a talk and meet
with the group, a memorable experience for us all.
Herb asked unusual questions about familiar
mathematical objects and started entirely new
lines of inquiry. Here are a few examples from the
realm of integer partitions.
• Herb posed this question in his talk at the 1988
SIAM Discrete Math Conference: Is it always
possible to list the partitions of integer n in
such a way that an element differs from its
predecessor on the list only in that one part
has increased by 1 and one part has decreased
by 1? (A part of size 1 may decrease to 0 or a
part of size 0 may increase to 1.) For example,
the following list of partitions of n = 6 satisfies
the requirements:
111111, 21111, 3111, 2211,
222, 321, 33, 42, 411.
Surprisingly, the answer is yes [21].
• Herb asked: What is the probability that a
random partition of an even integer 2n is the
degree sequence of a simple graph? Several
tried their hand, including Erdős and Richmond
[21]. Finally, Pittel showed that the probability
goes to 0 as n → ∞ [21].
• A partition of n can be represented by its
Ferrers diagram, consisting of n unit squares.
Herb asked if, for large enough n, an n × p(n)
rectangle can be tiled by the Ferrers diagrams
corresponding to the p(n) partitions of n. Alon,
Bona, and Spencer [21] were able to show it
cannot.
• Herb considered the following: As n → ∞, what
is the probability that a randomly chosen part
size in a random partition of n has multiplicity
m? It turns out that the probability approaches
1/(m(m + 1)) as n → ∞ [15].
• Consider partitions x1 + x2 + · · · + xk of n
where x1 ≥ x2 ≥ · · · xk > 0. Given nonnegative
integer m, for how many partitions of n is
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One of the side benefits of collaborating with
Herb was getting to know his wife, Ruth, a
renowned midwife and childbirth educator, and
organizer extraordinaire, who is now my own
friend. I am grateful to Herb and Ruth for their
hospitality during my many visits to Philadelphia.
I am full of memories of joyful meals with them at
conferences all over the world, talking about math,
life, and childbirth. Some standouts: Philadelphia
(food trucks, cheesesteak subs), the Southeastern
Conference in Boca Raton (lunch with Sister Celine),
MADCAP in Baltimore (steamed crabs), the Clemson miniconference (he flew me there in his
plane!), Herb’s PIMS lectures on integer partitions (see www.math.upenn.edu/~wilf/PIMS/
PIMSLectures.pdf) in Victoria (Butchart Gardens,
more steamed crabs), FPSAC in Sicily (gelato),
CanaDAM in Montreal (bagels), and Chapel Hill
(Ruth’s 80th birthday dinner).
Our last paper together was begun in March
2011 when Herb and Ruth were in Chapel Hill for a
childbirth conference that Ruth was chairing. While
Ruth attended the conference, Herb and I sat at a
table in the lobby talking about hypergeometric
identities associated with binary words. Herb wrote
to George Andrews about it, and with George’s
response, our joint paper was born [13].
With Herb, doing mathematics was not only
exciting but sometimes hilarious. I will greatly miss
sharing it with him.

Richard P. Stanley
One of Herb Wilf’s most influential contributions
to mathematics is the theory of pattern avoidance.
The first result in this area is due to P. A. MacMahon
[21], who showed that the number of permutations
w ∈ Sn (the symmetric group of all permutations
of 1, 2, . . . , n) with no increasing subsequence
 of

2n
1
length three is equal to the Catalan number n+1
n .
Like almost all of MacMahon’s work, this striking
result was forgotten or ignored until the combinatorial renaissance of the 1960s. MacMahon’s result
was rediscovered by Hammersley [21] around 1970.
Hammersley’s result arose from a famous problem
posed by Ulam [21], asking for the expected length
of the longest increasing subsequence of a random
permutation in Sn . Meanwhile, Donald Knuth in
the 1960s considered the question of sorting a
permutation w = a1 a2 · · · an on a stack. We can
Richard P. Stanley is professor of applied mathematics,
Massachusetts Institute of Technology. His email address is
rstan@math.mit.edu.
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m = x2 + x4 + x6 + · · ·? Herb observed that for
n ≥ 3m, there is a very nice answer and it is
independent of n (!) We were able to explain
and generalize this in [14] with Rod Canfield.

Herb Wilf, Paul Erdős, 1996.

define recursively the result S(w ) of passing w
through a stack as follows. Write w = unv, so u
and v are permutations of complementary subsets
of {1, 2, . . . , n − 1}. Then S(w ) = S(u)S(v)n. A
permutation w is stack-sortable if S(w ) = 12 · · · n.
We also say that w is 231-avoiding if there does
not exist a subsequence of w of length three
whose terms are in the same relative order as 231
(smallest term last, second-smallest term first, and
largest term in the middle). Equivalently, there
does not exist i < j < k with ak < ai < aj . Knuth
[Exercise 2.2.1.5 in The Art of Computer Programming, Vol. 1] showed that w is stack-sortable if and
only if w is 231-avoiding. He also showed [Exercise
2.2.1.4 in The Art of Computer Programming, Vol.
1] that the number of 231-avoiding permutations
w ∈ Sn is again the Catalan number Cn .
With the benefit of hindsight it seems pretty
obvious to consider permutations avoiding a
permutation v ∈ Sk for any k ≥ 3 or, more
generally, avoiding a set of permutations in various
Sk ’s. Thus, for instance, 3614725 does not avoid
2143, since the subsequence 3175 has its elements
in the same relative order as 2143. The first person
to come up with this “obvious” insight was Herb
Wilf. Previously, pattern-avoiding permutations
arose in connection with other problems, but no
one thought of investigating these permutations
for their own sake. The first paper [21] on general
pattern avoidance per se was published in 1985 by
Herb’s PhD student Rodica Simion in collaboration
with Frank Schmidt. They considered even and odd
permutations avoiding sets of permutations in S3 .
Write sn (v) for the number of permutations in
Sn avoiding the permutation v. In unpublished
work in the 1980s, Wilf raised the question of when
two permutations u, v ∈ Sk satisfy sn (u) = sn (v)
for all n ≥ 1. These permutations are now called
Wilf-equivalent, and the equivalence classes are
called Wilf classes. Probably the first paper to use
the term “Wilf-equivalent” (in fact, in the title) is
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Herb Wilf and Fan Chung at the sixty-fifth
Birthday Conference, 1996.

by Babson and West [21]. Thus, for instance, all
permutations in S3 are Wilf-equivalent, while there
are three Wilf classes in S4 . A great deal of work
has gone into the theory of Wilf equivalence, but a
definitive understanding is lacking.
It is a simple consequence of the RSK-algorithm
that
lim sn (1, 2, . . . , k)1/n = (k − 1)2 .
n→∞

(A much stronger result was proved by Regev [21].)
Herb and I (independently) asked around 1980
about the behavior of sn (v) for general v ∈ Sk and
large n. Herb first asked (when unaware of the work
of Regev) whether sn (v) < (k + 1)n for all v ∈ Sk ,
while I asked whether limn→∞ sn (v)1/n = (k − 1)2
for all v ∈ Sk . Herb quickly modified his original
conjecture by asking whether there exists a number
Lv < ∞ such that limn→∞ sn (v)1/n = Lv . This
modified conjecture was first published by him
in [6] well after first circulating the problem.
Meanwhile Miklos Bóna and others asked the
seemingly weaker question of whether sn (v) < c n
for some constant c = c(v). Arratia [21] proved
that the existence of Lv is equivalent to the
inequality sn (v) < c n . An affirmative answer to
these two equivalent questions became known as
the Stanley-Wilf conjecture, a name coined by Bóna.
It is interesting that Wilf expressed a little doubt
about the conjecture, because Alon and Friedgut
[21] found an upper bound c nα(n) , where α(n) is
the inverse Ackermann function. The conjecture
was finally given an exceptionally elegant proof
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by A. Marcus and G. Tardos [21] in 2004. As in
the theory of Wilf classes, there are many open
problems related to the Stanley-Wilf conjecture.
For instance, are the numbers Lv always algebraic?
This seems highly unlikely but remains open. For
what u, v ∈ Sk do we have Lu < Lv or Lu = Lv ?
Somewhat surprisingly, neither the largest nor the
smallest values of Lv for v ∈ Sk is achieved by the
identity permutation v = 12 · · · k.
Herb had two papers in addition to [6] related to
pattern avoidance, both of which anticipated future
developments. The first, with Emeric Deutsch
and A. J. Hildebrand [18], is devoted to the
distribution of the longest increasing subsequence
in certain pattern-restricted permutations. The
second paper, with Carla Savage [19], concerns
generalizing pattern avoidance from permutations
to compositions and multiset permutations.
The theory of pattern avoidance is now a
flourishing subject in its own right, with a vast
number of variations and applications. As a sample
application, Lakshmibai and Sandhya [21] show
that a Schubert variety X(w ) in the complete flag
variety GL(n, C)/B (where B is a Borel subgroup)
is smooth if and only if w avoids 3412 and
4231. Further applications of pattern avoidance
may be found in Bridget Tenner’s database [21].
Google gives over 1,200,000 hits for the search
“pattern avoidance Wilf.” An annual conference
on permutation patterns was begun in 2003, and
a book on patterns in permutations and words
by Sergey Kitaev was published in 2011 [21]. The
pattern avoidance seedlings planted by Herb Wilf
have developed into a proliferant and fecund
forest.

Felix Lazebnik
Herb Wilf was my PhD advisor at the University
of Pennsylvania from 1984 until 1987. The main
reason I asked him to be my advisor was that I liked
very much a two-semester course in combinatorics
that I took from him in 1983–84. The further that
course progressed, the more impatient I became
waiting for the next lecture.
Much later I tried to analyze what exactly he did
in the course that was so stimulating. He lectured
calmly and smoothly, and if ever a difficulty arose,
he resolved it quickly, either immediately or in
the next lecture. I remember a day when no one
could solve an assigned homework problem. When
we told him, he looked surprised and said he
was really sorry about this. That was strange—
wasn’t it customary to challenge students with
hard problems? Furthermore, Herb did not give
broad panoramic views and motivation, nor did he
Felix Lazebnik is professor of mathematics, University of
Delaware. His email address is lazebnik@math.udel.edu.
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mention history—features that I valued in courses.
So why did I like his course so much?
Here is one reason I can name: it was not
just combinatorics, it was mathematics. Simple
analysis, operators involving partial derivatives,
light number theory, or linear algebra were used
without warnings. A long transformation was
carried out on the board and was not left for a
dull homework problem. Some needed facts (like
Euler’s summation formula or the Gauss-Lucas
theorem, etc.) were not mentioned as “well known”
but presented and proved. And it was clear that
Herb enjoyed talking about this mathematics to us.
It was not an onerous duty for him; it was sharing
of love. Another characteristic of his lectures was
his ability to present hard proofs in such a clear
way that a listener was left with an impression that
nothing extraordinary was happening. Until one
tried to reconstruct these proofs.
Later, when I took a reading course with him,
Herb asked me to read and do problems (selected
by him) from D. E. Knuth’s The Art of Computer
Programming, Vol. 1 and L. Lovász’s Combinatorial
Problems and Exercises, both books with helpful
solutions included. He asked me whether I did
what he assigned, whether I had questions, and
then assigned new reading and new problems.
During the first year of my research, Herb wanted
to see me regularly once a week. Often I had very
little to report and so felt less than enthusiastic
going to these meetings. When on those days I was
leaving his office, I felt great. My spirit was up,
and I was full of energy and optimism for another
week. What he said or did for this I have no idea!
All our meetings rarely lasted more than fifteen
minutes and usually took place in late afternoon.
His parting words were typically “peace, enjoy…,"
with a hand raised slightly and a smile on his face.
When Herb agreed to be my advisor, he said
that his task was to suggest a good problem and
that he expected me to be independent. Later,
his most common answer to my questions was
a simple “I do not know,” and somehow it was
comforting. I believe that he did help me to become
professionally independent.
Much later I tried to convince him to write at
length about his teaching philosophy and methods,
since they resonated well with so many of his
students. His answer was a short “No,” with a
remark that teaching was an art and could not be
replicated. Having taught for many years, I agree. I
also agree with his view that “ …teaching is mostly
a chemical activity that goes on between Human A
and Human B.” More of Herb’s views on teaching
can be found on his Penn website.
Herb was very reserved with giving unsolicited
pieces of advice. I remember only this one: Never
work on a problem you do not like. Here is one

Back row: Ellen Gethner, Carsten Thomassen,
Ralph Stanton, Joan Hutchinson, Roy Levow,
Ruth Wilf, Lis Thomassen. Front row: Debra
Boutin, Michael Albertson, Herb Wilf, Esther
Levow after the Euler Medal award ceremony,
Boca Raton, 2002.

of Herb’s problems (and also Linial’s [21]) that I
like and have worked on. It is about thirty years
old and is still a subject of active research. What is
the greatest number of proper vertex colorings in
λ colors that a graph with n vertices and m edges
can have? I obtained some initial results, more
recently good progress has been made, yet the
problem remains unsolved (see, for example, [21]).
Doron Zeilberger once said that if he had to
characterize Herb using one word only, it would
be elegance. I agree. (See also D. Zeilberger’s
contribution to realize that one word could be
chosen in more than one way.) Restraint and grace
of style—this was Herb. And humor. Attending
his eightieth birthday conference, together with
others, I tried to help push his wheelchair. He said
with a smile, “Well, I used to push my students,
and now they are pushing me!”
We became closer during the years. Ruth and
Herb were always adventurous with food. The
last dinner my wife, Luba, and I had with them
was at Uzbekistan, a restaurant in far northeast
Philadelphia, and this was their idea. Four months
before his death, Herb and Ruth invited us to visit
them in their vacation home on the Jersey shore.
Something made us reschedule it, but then it was
too late. We will always regret it.
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Search for an Executive Director
for the American Mathematical Society
Position
The Trustees of the American Mathematical Society seek candidates for the position of Executive Director of the Society to
replace Dr. Donald McClure, who plans to retire in the summer of 2016. This position offers the appropriate candidate the
opportunity to have a strong positive influence on all activities of the Society, as well as the responsibility of overseeing a large,
complex, and diverse spectrum of people, publications, and budgets. The desired starting date is July 1, 2016.
Duties and terms of appointment
The American Mathematical Society, with headquarters in Providence, RI, is the oldest scientific organization of mathematicians
in the U.S. The Society’s activities are mainly directed toward the promotion and dissemination of mathematical research and
scholarship, broadly defined; the improvement of mathematical education at all levels; increasing the appreciation and awareness
by the general public of the role of mathematics in our society; and advancing the professional status of mathematicians. These
aims are pursued mainly through an active program of publications, meetings, and conferences. The Society is a major publisher
of mathematical books and journals, including MathSciNet, an organizer of numerous meetings and conferences each year, and a
leading provider of electronic information in the mathematical sciences. The Society maintains a Washington office for purposes
of advocacy and to improve interaction with federal agencies.
The Executive Director is the principal executive officer of the Society and is responsible for the execution and administration
of the policies of the Society as approved by the Board of Trustees and by the Council. The Executive Director is a full-time
employee of the Society appointed by the Trustees and is responsible for the operation of the Society’s offices in Providence and
Pawtucket, RI; Ann Arbor, MI; and Washington, DC. The Executive Director is an ex-officio member of the policy committees
of the Society and is often called upon to represent the Society in its dealings with other scientific and scholarly bodies.
The Society employs a staff of about 200 in the four offices. The directors of the various divisions report directly to the Executive
Director. A major part of the Society’s budget is related to publications. Almost all operations (including the printing) of the
publications program are done in-house. Information about the operations and finances of the Society can be found in its Annual
Reports, available at www.ams.org/annual-reports.
The Executive Director serves at the pleasure of the Trustees. The terms of appointment, salary, and benefits will be consistent
with the nature and responsibilities of the position and will be determined by mutual agreement between the Trustees and the
prospective appointee.
Qualifications
Candidates for the office of Executive Director should have a Ph.D. (or equivalent) in mathematics, published research beyond
the Ph.D., and significant administrative experience. The position calls for interaction with the staff, membership, and patrons
of the Society as well as leaders of other scientific societies and publishing houses; thus leadership, communication skills, and
diplomacy are prime requisites.
Applications
A search committee chaired by Robert Bryant (bryant@math.duke.edu) and Ruth Charney (charney@brandeis.edu) has been
formed to seek and review applications. All communication with the committee will be held in confidence. Suggestions of suitable
candidates are most welcome. Applicants can submit a CV and letter of interest to:
Executive Director Search Committee
c/o Carla D. Savage
Secretary, American Mathematical Society
Department of Computer Science
North Carolina State University
Raleigh, NC 27695-8206
ed-search@ams.org
The American Mathematical Society is an Affirmative Action/Equal Opportunity Employer.
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The Exterior Algebra and
Central Notions in
Mathematics
Gunnar Fløystad
Dedicated to Stein Arild Strømme (1951–2014)
The neglect of the exterior algebra is the
mathematical tragedy of our century.
—Gian-Carlo Rota, Indiscrete Thoughts (1997)

T

his note surveys how the exterior algebra
and deformations or quotients of it
capture essences of five domains in
mathematics:

• Combinatorics

•Mathematical physics

• Topology

•Algebraic geometry

• Lie theory
The exterior algebra originated in the work
of Hermann Grassmann (1809–1877) in his book
Ausdehnungslehre from 1844, and the thoroughly
revised 1862 version, which now exists in an English
translation [20] from 2000. Grassmann worked
as a professor at the gymnasium in Stettin, then
Germany. Partly because Grassmann was an original
thinker and maybe partly because his education
had not focused much on mathematics, the first
edition of his book had a more philosophical
than mathematical form and therefore gained little
influence in the mathematical community. The
second (1862) version was strictly mathematical.
Nevertheless, it also gained little influence, perhaps
because it had swung too far to the other side and
was scarce of motivation. Over four hundred pages
it developed the exterior and interior product and
Gunnar Fløystad is professor of mathematics at the University of Bergen, Norway. His email address is gunnar@mi.uib.
no.
DOI: http://dx.doi.org/10.1090/noti1234
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the somewhat lesser-known regressive product on
the exterior algebra, which intuitively corresponds
to intersection of linear spaces. It relates this to
geometry and it also shows how analysis may
be extended to functions of extensive quantities.
Only in the last two decades of the 1800s did
publications inspired by Grassmann’s work achieve
a certain mass. It may have been with some regret
that Grassmann in his second version had an
exclusively mathematical form, since he in the
foreword says “[extension theory] is not simply one
among the other branches of mathematics, such
as algebra, combination theory or function theory,
bur rather surpasses them, in that all fundamental
elements are unified under this branch, which
thus as it were forms the keystone of the entire
structure of mathematics.”
The present note indicates that he was not quite
off the mark here. We do not make any further
connections to Grassmann’s original presentation,
but rather present the exterior algebra in an
entirely modern setting. For more on the historical
context of Grassmann, see the excellent history of
vector analysis [7], as well as proceedings from
conferences on Grassmann’s many-faceted legacy
[41] and [38]. The last fifteen years have also seen a
flurry of books advocating the very effective use of
the exterior algebra and its derivation, the Clifford
algebra, in physics, engineering, and computer
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science. In the last section we report briefly on
this.

The Exterior Algebra
Concrete Definition

S2 V = {v ⊗ w + w ⊗ v | v, w ∈ V }

Given a set {e1 , . . . , en } with n elements, consider
the 2n expressions ei1 ∧ ei2 ∧ · · · ∧ eir (here ∧ is just
a place separator), where the i1 , i2 , . . . , ir are strictly
increasing subsequences of 1, 2, . . . , n. From this
we form the vector space E(n) over a field k with
these expressions as basis elements.
Example 1. When n = 3, the following eight expressions form a basis for E(3) over the field k:
1, e1 , e2 , e3 , e1 ∧ e2 , e1 ∧ e3 , e2 ∧ e3 , e1 ∧ e2 ∧ e3 .
The element ei1 ∧ ei2 ∧ · · · ∧ eir is considered
to have degree r , so we get a graded vector space
E(n). Now we equip this vector space with a
multiplication which we also denote by ∧. The
basic rules for this multiplication are
i)

Combinatorics I: Simplicial Complexes and
Face Rings

= e1 ∧ e3 ∧ e5

Example 2. Let n = 6. The sets

ei ∧ ej = −ej ∧ ei .

(a ∧ b) ∧ c = a ∧ (b ∧ c)

for all a, b, c in E(n), and linear, i.e.
a ∧ (βb + γc) = βa ∧ b + γa ∧ c

for all β, γ in the field k and a, b, c in E(n),
determine the algebra structure on E(n). For
instance,
e5 ∧ (e1 ∧ e3 ) = e5 ∧ e1 ∧ e3
(switch e5 and e3 ).

{1, 2}, {3, 4}, {3, 5}, {4, 5, 6},

Abstract Definition
Here we define the exterior algebra using standard
machinery from algebra. Let V be a vector space
over k, and denote by V ⊗p the p-fold tensor product
V ⊗k V ⊗k · · · ⊗k V . The free associative
algebra on
L
V is the tensor algebra T (V ) = p≥0 V ⊗p which
comes with the natural concatenation product
(v1⊗· · ·⊗vr )·(w1⊗· · ·⊗ws ) = v1⊗· · · vr⊗w1⊗· · ·⊗ws .
Let R be the vector subspace of V ⊗k V generated by
all elements v ⊗v where v ∈ V . The exterior algebra
is the quotient algebra of T (V ) by the relations
R. More formally, let hRi be the two-sided ideal in
T (V ) generated by R. The exterior algebra E(V )
is the quotient algebra T (V )/hRi. The product
in this quotient algebra is commonly denoted by
∧. Let e1 , . . . , en be a basis for V . We then have
ei ∧ ei = 0, since ei ⊗ ei is a relation in R. Similarly,
(ei + ej ) ∧ (ei + ej ) is zero. Expanding this
0 = ei ∧ ei + ei ∧ ej + ej ∧ ei + ej ∧ ej ,
April 2015

• How central notions in various areas in mathematics arise from natural structures on the
exterior algebra.
• How the exterior algebra or variations thereof
are a natural tool in these areas.

= −e1 ∧ e5 ∧ e3 (switch e5 and e1 )

ii)

These rules, together with the requirement that ∧
be associative, i.e.,

iv)

are the symmetric two-tensors in V ⊗ V . The pth
graded piece of E(V ), which is the image of V ⊗p ,
is denoted as ∧p V .
We shall in the following indicate:

For simplicity denote the set {1, 2, . . . , n} as [n].
Each subset {i1 , . . . , ir } of [n] corresponds to
a monomial ei1 ∧ ei2 ∧ · · · ∧ eir in the exterior
algebra E(n). For instance, {2, 5} ⊆ [6] gives the
monomial e2 ∧ e5 . It also gives the indicator vector
(0, 1, 0, 0, 1, 0) ∈ Z62 (where Z2 = {0, 1}), with 1’s
at positions 2 and 5. We may then consider
e2 ∧ e5 to have this multidegree. This one-toone correspondence between subsets of [n] and
monomials in E(n) suggests that it can be used
to encode systems of subsets of a finite set. The
set systems naturally captured by virtue of E(n)
being an algebra are the combinatorial simplicial
complexes. These are families of subsets ∆ of [n]
such that if X is in ∆, then any subset Y of X is
also in ∆.

ei ∧ ei = 0,

iii)

we see that ei ∧ ej = −ej ∧ ei . In fact, we obtain
v ∧ w + w ∧ v = 0 for any v, w in V . Hence when
the characteristic of k is not 2, the exterior algebra
may be defined as T (V )/hS2 V i where

together with all the subsets of each of these four
sets, form a combinatorial simplicial complex.
The point of relating these to the algebra E(n)
is that combinatorial simplicial complexes on [n]
are in one-to-one correspondence with Zn2 -graded
ideals I in E(n) or equivalently with Zn2 -graded
quotient rings E(n)/I of E(n): To a simplicial
complex ∆ corresponds the monomial ideal I∆
generated by
{ei1 ∧ · · · ∧ eir | {i1 , . . . , ir } 6∈ ∆}.
Note that the monomials ei1 ∧ · · · ∧ eip with
{i1 , . . . , ip } in ∆ then constitute a vector space basis
for the quotient algebra E(∆) = E(V )/I∆ . We call
this algebra the exterior face ring of ∆.
For the simplicial complex in the example above,
E(∆) has a basis:
• degree 0: 1,
• degree 1: e1 , e2 , e3 , e4 , e5 , e6 ,
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• degree 2: e1 ∧ e2 , e3 ∧ e4 , e3 ∧ e5 , e4 ∧ e5 , e4 ∧
e6 , e5 ∧ e6 ,
• degree 3: e4 ∧ e5 ∧ e6 .
Although subsets {i1 , . . . , ir } of [n] most naturally correspond to monomials in E(n), one
can also consider the monomial xi1 · · · xir in the
polynomial ring k[x1 , . . . , xn ]. (Note, however, that
monomials in this ring naturally correspond to
multisets rather than to sets.) If one associates to
∆ the analog monomial ideal in this polynomial
ring, the quotient ring k[∆] is the Stanley-Reisner
ring or simply the face ring of ∆.
This opens up the arsenal of algebra to study
∆. The study of E(∆) and k[∆] has particularly
centered around their minimal free resolutions and
all the invariants that arise from such. The study
of k[∆] was launched around 1975 with a seminal
paper by Hochster [29] and Stanley’s proof of the
Upper Bound Conjecture for simplicial spheres;
see [44]. Although one might say that E(∆) is a
more natural object associated to ∆, k[∆] has
been preferred for two reasons: (i) minimal free
resolutions over k[x1 , . . . , xn ] are finite in contrast
to over the exterior algebra E(n), (ii) k[∆] is
commutative and the machinery for commutative
rings is very well developed.
Since 1975 this has been a very active area of
research, with various textbooks published: [44],
[6], [34], and [22]. For the exterior face ring, see
[16].

Topology
Let ui = (0, . . . , 0, 1, 0, . . . , 0) be the ith unit coordinate vector in Rn . To a subset {i1 , . . . , ir } of [n]
we may associate the (r − 1)-dimensional simplex
which is the convex hull of the points ui1 , . . . , uir in
Rn . For instance, {2, 3, 5} ⊆ [6] gives the simplex
consisting of all points (0, λ2 , λ3 , 0, λ5 , 0) in R6 ,
where λi ≥ 0 and λ2 + λ3 + λ5 = 1.
A combinatorial simplicial complex ∆ has a
natural topological realization X = |∆|. It is the
union of all the simplices in Rn associated to the
sets {i1 , . . . , ir } in ∆.
Example 3. The simplicial complex given in Example 2 has a topological realization which may be
pictured as:

This is the disjoint union of a line segment and a
disc with a handle.
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We then say that ∆ gives a triangulation of
the space X. Now we can equip E(n) with a
differential d of degree 1 by multiplying with
u = e1 + e2 + · · · + en . Then d(a) = u ∧ a, and this
is a differential, since d 2 (a) = u ∧ u ∧ a = 0. The
monomial ei1 ∧ ei2 ∧ · · · ∧ eir of degree r is then
mapped to the degree (r + 1) sum:
X
ei ∧ ei1 ∧ · · · ∧ eir .
i6∈{i1 ,...,ir }

The face ring E(∆) is a quotient of E(n), and
so we also obtain a differential on E(∆). Letting
E(∆)r be the degree r part, this gives a complex
d0

d1

d2

E(∆)0 → E(∆)1 → E(∆)2 → · · · .
From this complex and its dual we calculate the
prime invariants in topology, the cohomology
and homology of the topological space X. The
cohomology is
H i+1 (E(∆), d) = H̃ i (X, k) for i ≥ 0,
where H̃ i (X, k) is the reduced cohomology of
X. (For i > 0 this is simply the cohomology
H i (X, k), while for i = 0 this is the cokernel
H 0 (pt, k) → H 0 (X, k).) Dualizing the complex
above we get E(∆)∗ as a subcomplex of E(n)∗ :
∂2

∂1

∂0

· · · → (E(∆)∗ )2 → (E(∆)∗ )1 → (E(∆)∗ )0 .
Here (E(∆)∗ )r +1 has a basis consisting of monomials
ei∗0 ∧ · · · ∧ ei∗r

(1)

where {i0 , . . . , ir } are the r -dimensional faces of
the simplicial complex ∆. The differential ∂ is
contraction with the element u
∂

a , u¬a,
sending the monomial (1) to its boundary
d
X
j=0

∗
∗
(−1)j ee∗i ∧ · · · ∧ ec
ij ∧ · · · eir .
0

∗
(Here ec
ij means omitting this term.) The homology
Hi (E(∆)∗ , ∂) computes the reduced simplicial
homology of the space X (but with a shift
by one in homological index i). In Example 3
we get H1 (E(∆)∗ , ∂) = k one-dimensional, one
less than the number of components of ∆, and
H2 (E(∆)∗ , ∂) = k one-dimensional, since there is
a noncontractible 1-cycle through the points 3, 4
and 5.
A good introduction to algebraic topology,
starting from simplicial complexes, is [35].
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Lie Theory
Differential graded algebras (DGA) occur naturally
in many areas. They provide the “full story” in
contrast to graded algebras, which often are the
cohomology of a DGA, like the cochain complex of
a topological space, in contrast to its cohomology
ring.
L
A DGA is graded algebra A = p≥0 Ap with a
differential d, i.e., d 2 = 0, which is a derivation; i.e.,
for homogeneous elements a, b in A it satisfies
(2)

d(a · b) = d(a) · b + (−1)deg(a) a · d(b).

The differential d either has degree 1 or −1
according to whether it raises degrees by one or
decreases degrees by one.
What does it mean to give a k-linear differential
d of degree 1 on E(V ) such that (E(V ), d) becomes
a DGA? Between degrees 1 and 2 we have a map
d

V -→ ∧2 V .
By the definition of derivation above (2), it is
easy to see that any linear map between these
vector spaces extends uniquely to a derivation
d on E(V ). Denote by g the dual vector space
V ∗ = Homk (V , k). Dualizing the above map we get
a map
2
^

g

x∧y

d∗

-→

g

,

[x, y].

It turns out that d gives a differential, i.e., d 2 = 0, if
and only if the map d ∗ satisfies the Jacobi identity
[x, [y, z]] + [y, [z, x]] + [z, [x, y]] = 0.
Thus giving E(V ) the structure of a DGA with
differential of degree 1 is precisely equivalent to
giving g = V ∗ the structure of a Lie algebra.
The cohomology of the complex (E(V ), d) computes the Lie algebra cohomology of g. If g is the Lie
algebra of a connected compact Lie group G (over
k = R), it is a theorem of Cartan [1, Cor.12.4], that
the cohomology ring H ∗ (E(V ), d) is isomorphic
to the cohomology ring H ∗ (G, R). A good and
comprehensive introduction to Lie algebras is [31].
The book [18] is much used as a reference book for
the representations of semisimple Lie groups and
Lie algebras. But there are many books on this, and
the above are mentioned mostly because I learned
from these books.
Now denote the dual V ∗ by W , and by S(W ) =
Sym(W ) the symmetric algebra, i.e., the polynomial
ring whose variables are any basis of W . The pair
E(V ) and S(W ) is the prime example of a Koszul
dual pair of algebras; see [39], [3] for the general
framework of Koszul duality. Furthermore, when
we equip E(V ) with the differential d, the pair
(E(V ), d) can be considered as the Koszul dual
of the enveloping algebra U (g) of the Lie algebra
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g; see [40], [17] for the Koszul duality in the
differential graded setting. Koszul duality gives
functors between the module categories of these
algebras, which on suitable quotients of these give
an equivalence of categories.

Combinatorics II: Hyperplane Arrangements
and the Orlik-Solomon Algebra
Simplicial complexes are basic combinatorial
structures, and we have seen in the section
Combinatorics I how they are captured by the
exterior face ring E(∆). One of the most successful
unifying abstractions in combinatorics is that of
a matroid (a term giving more associations might
be independence structures), which is a special
type of a simplicial complex. To a matroid there
is associated a quotient algebra of the exterior
algebra with remarkable connections to hyperplane
arrangements.
A prime source of matroids is linear algebra.
Let us consider the vector space km and let
x1 , . . . , xm be coordinate
functions on this space.
P
A linear form v = λj xj gives a hyperplane in
m
km : the
P set of all points (a1 , . . . , am ) ∈ k such
that j λj aj = 0. A set of linear forms v1 , . . . , vn
determines hyperplanes H1 , H2 , . . . , Hn . We call
this a hyperplane arrangement. It turns out that a
number of essential properties of the hyperplane
arrangement are determined by the linear dependencies between the linear forms v1 , . . . , vn . We
get a combinatorial simplicial complex M on [n]
consisting of all subsets {i1 , . . . , ir } of [n] such
that vi1 , . . . , vir are linearly independent vectors.
But there is more structure on this M, making
it a matroid. A simplicial complex M on [n] is a
matroid if the following extra condition holds:
If X and Y are independent sets of M, with the
cardinality of Y larger than that of X, there is y ∈
Y \X such that X ∪ {y} is independent.
The elements of M are called the independent
sets of the matroid, while subsets of [n] not in M
are dependent. The diversity which the abstract
notion of a matroid captures is illustrated by the
following examples, where we give independent
sets of matroids:
• Linear independent subsets of a set of vectors
{v1 , v2 , . . . , vn }.
• Edge sets of graphs which do not contain a
cycle.
• Partial transversals of a family of sets
A1 , A2 , . . . , AN .
Example 4. Consider the hyperplane arrangement
in C2 given by the two coordinate functions v1 = x1
and v2 = x2 . The complement C2 \H1 ∪ H2 consists
of the pairs (a, b) with nonzero coordinates; i.e.,
the complement is (C∗ )2 where C∗ = C\{0}. Since
C∗ is homotopy equivalent to the circle S 1 , the
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complement C2 \H1 ∪ H2 will be homotopy equivalent to the torus S 1 × S 1 . The cohomology ring of
this torus is the exterior algebra E(2).

Clifford algebras are mostly applied when the
field k is the real numbers R. Let V = hii be a
one-dimensional vector space generated by a vector

This example generalizes to a description of
the cohomology ring of the complement of any
hyperplane arrangement in Cm . The matroid M
of the hyperplane arrangement, being a simplicial
complex, gives by the section Combinatorics I
a monomial ideal IM in E(n). The dual element

i, and let the quadratic form be given by i 2 , −1.
Then the associated Clifford algebra is the complex
numbers. When V = hi, ji is a two-dimensional
space and

∂

u = e1∗ + · · · + en∗ gives a contraction a -→ u¬a
sending ei1 ∧ · · · ∧ eir to
X
(−1)j ei1 ∧ · · · eˆij · · · ∧ eir
j

(here eˆij means omitting this term). Now IM + ∂(IM )
also becomes an ideal in E(n). The quotient
A(M) = E(n)/(IM + ∂(IM )) is called the OrlikSolomon algebra associated to the hyperplane
arrangement. In 1980 Peter Orlik and Louis Solomon
proved the following amazing result [36].
Sn
Theorem 5. Let T = Cm \ i=1 Hi be the complement of a complex hyperplane arrangement. Then
the algebra A(M) is the cohomology ring H ∗ (T , C).
Example 6. Consider u1 = x1 −x2 , u2 = x2 −x3 , and
u3 = x3 − x1 on C3 . There is one dependency here,
between u1 , u2 , and u3 . Thus the Orlik-Solomon
algebra is E(3) divided by the ideal generated by
the relation
∂(e1 ∧ e2 ∧ e3 ) = e1 ∧ e2 − e1 ∧ e3 + e2 ∧ e3 .
The quotient algebra has dimensions 1, 3, and 2
in degrees 0, 1, and 2 respectively. For the complement T = C3 \H1 ∪ H2 ∪ H3 we therefore have
H 0 (T , C) = C, H 1 (T , C) = C3 , H 2 (T , C) = C2 .
For hyperplane arrangements, or more generally, for matroids, the Orlik-Solomon algebra
has been much studied recently, [47], [15]. The
algebraic properties of the Orlik-Solomon algebra
give a number of natural invariants for hyperplane
arrangements.

b

b

i ⊗ i , −1,
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b

j ⊗ j , −1,

we obtain the quaternions. In general, for a real
symmetric form b, we may find a basis for V such
that if x1 , . . . , xn are the coordinate functions, the
form is
p
n=p+q
X
X
x2i −
x2i .
i=1

i=p+1

Such a Clifford algebra is denoted Clp,q .
So Cl0,1 is the complex numbers and Cl0,2 is
the quaternions. Clifford algebras have interesting
periodic behaviour: Clp+1,q+1 is isomorphic to
the 2 × 2-matrices M2 (Clp,q ), and each of Clp+8,q
and Clp,q+8 is isomorphic to the 16 × 16-matrices
M16 (Clp,q ). Thus Clifford algebras over the reals
are essentially classified by Clp,0 and Cl0,q for p,
q ≤ 7. For a nice introduction to Clifford algebras,
see [19].
When Clp,q is a simple algebra and Clp,q →
End(W ) is an irreducible representation of Clp,q
then W is called a spinor space. These representations occur a lot in mathematical physics. For
instance, Cl1,3 is isomorphic to M4 (R), and this
representation on R4 is the Minkowski space with
one time dimension and three space dimensions.
A pioneer in the application of Clifford algebras
in mathematical physics is David Hestenes [23],
[24], [25], where he envisions the complete use of
it in classical mechanics. He calls this geometric
algebra. The book [8] offers a leisurely introduction
to the application of geometric algebra in physics.
Basil Hiley is another advocate for the algebraic
approach to quantum mechanics [28]:
…that quantum phenomena per se can
be entirely described in terms of Clifford
algebras taken over the reals without the
need to appeal to specific representations
in terms of wave functions in a Hilbert
space. This removes the necessity of using
Hilbert space and all the physical imagery
that goes with the use of the wave function.

Mathematical Physics
The Clifford algebra may be viewed as a deformation
of the exterior algebra. The exterior algebra E(V )
is defined as the quotient algebra T (V )/hS2 V i.
Fix a symmetric bilinear form b : S2 V → k. Let
R = {r − b(r ) | r ∈ S2 V }. The Clifford algebra is
the quotient of the tensor algebra by the relations
R:
Clb = T (V )/hRi.
Like the exterior algebra E(V ) = E(n) it has a
basis consisting of all products ei1 · · · · · eir for
subsets {i1 < · · · < ir } of {1, . . . , n} and so is also
of dimension 2n as a vector space over k. Note that
we get the exterior algebra when the bilinear form
b = 0.

b

i ⊗ j + j ⊗ i , 0,

Algebraic Geometry
Finitely generated graded modules over exterior
algebras seem far removed from geometry. However, we shall see that they encode perhaps the
most significant invariants of algebraic geometry,
the cohomological dimensions of twists of sheaves
on projective spaces.
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Example 7. Let n = 2 and E = E(2). Consider the
map of free E-modules:
E

h i
e
d= e21

dp

-→ E 2 .



· · · → E2



e2
i
h
i
d 0 = 
e1
e2
d −1 = e1 ∧ e2
---------------------------------------------------------→
- E -------------------------------------------------------→
-- E -------------------------------→
h
d −2 = e1


e
 2
d 1 =
e1

0

e2 

0
e
1
E 2 ------------------------------------------------------→
- E3 → E4 → · · ·
p



Every finitely generated graded module M over
E = E(V ), or equivalently map d, gives rise to
such an acyclic complex. In the example above the
ranks of the free modules follow a simple pattern,
1, 2, 3, 4, . . ., but in general, what are these ranks?
Can they be given a meaningful interpretation?
Indeed, a discovery from 2003, [13], tells us this is
the case.
As a module over itself E(V ) is both a projective
and an injective module. Given a finitely generated
graded module M over E(V ), one can make a
minimal free (and so projective) resolution
M p
P • → M, where P p =
Wq ⊗k E
q∈Z

q∈Z

and splice these together into an acyclic complex
(as in Example 7),
T : · · · → P −1 → P 0 → I 1 → I 2 → · · · ,

called the Tate resolution of M. So we get a
correspondence:
graded modules over E(V )

on P(W ).

Now let us pass to another construction starting
from the finitely generated graded module M =
Lb
i=a Mi over the exterior algebra E(V ). Let W
be the dual vector space V ∗ . The multiplication
V ⊗k Mi → Mi+1 gives a map
Mi → W ⊗k Mi+1 .

This correspondence is from 1978 [4] and is
the celebrated Bernstein-Gelfand-Gelfand (BGG)
correspondence. Somewhat more refined, it may be
described as an equivalence of categories between
suitable categories of the objects in (8).
The amazing thing is that if M via the BGGcorrespondence (8) gives a coherent sheaf F
on P(W ) (this means that the sheafification of
the complex (7) has only one nonzero cohomology sheaf F ), then we can read off all the sheaf
cohomology groups of all twists of F from the
Tate resolution T which we get via the correspondence (5).
Theorem 8 ([13, Thm. 4.1]). If M via the BGGcorrespondence (8) gives a coherent sheaf F on the
projective space P(W ), and the Tate resolution of
M is (4), then the sheaf cohomology
.

Returning to the initial Example 7 in this section,
the sheaf corresponding to this module M is
the structure sheaf OP1 on the projective line
P1 = P(W ). The Tate resolution (3) therefore tells
us that for d ≥ 0, the sheaf cohomology
(
kd+1 , d ≥ 0,
0
1
H (P , OP1 (d)) =
,
0,
d < 0,
(
kd−1 , −d < 0,
1
1
H (P , OP1 (−d)) =
0,
−d ≥ 0.
An important feature of a Tate resolution T
is that it is fully determined by an arbitrary
di

; Tate resolutions over E(V ).
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; bounded complexes of coherent sheaves

p+q

(the
are vector spaces over the field k whose
elements are considered to have degree q) and a
minimal injective resolution
M p
M → I • , where I p =
Wq ⊗k E

(6)

These maps give a (bounded) complex of S-modules,
i.e., d i+1 ◦ d i = 0 (This is a correspondence within
the framework of Koszul duality, mentioned in
the section “Lie Theory”.) Any finitely generated
graded S = Sym(W )-module may be sheafified to
a coherent sheaf on the projective space P(W ). In
particular, we may sheafify the above complex and
get a complex of coherent sheaves:
(8)
graded modules over E(V )

H p (P(W ), F (q)) = Wq

p
Wq

(5)

d q−1

p−1

It is a complex since d ◦ d
= 0, as is easily
verified. It is also exact at each place, meaning that
the kernel of d p equals the image of d p−1 for each
p. Thus it is an acyclic complex.

(4)

d p+1

· · · → S⊗k Mp -→ S ⊗k Mp+1 -→· · · -→ S⊗k Mq → · · ·.

Writing E 2 = Eu1 ⊕ Eu2 where u1 and u2 are generators of this module, the cokernel of this map
is a module M = Eu1 ⊕ Eu2 /he2 u1 + e1 u2 i. Such a
map may, as we shortly explain, be completed to a
complex of free E-modules (we let d 0 = d):

(3)

Let S = Sym(W ) be the symmetric algebra (a
polynomial ring). The map (6) gives rise to maps
(7)

differential T i -→ T i+1 . This is because T ≤i is a
minimal projective resolution of im d i , and T >i is a
minimal injective resolution of im d i . This gives us
incredible freedom in construction. An arbitrary
homogeneous matrix A of exterior forms gives a
map
M
dA M
(9)
Wq0 ⊗k E -→
Wq1 ⊗k E.
q
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The module M = im dA over the exterior algebra
then gives a complex of coherent sheaves F • on
P(W ) by (8), and all such bounded complexes
on P(W ) do (in a suitable sense) come from
such a homogeneous matrix A of exterior forms.
Thus bounded complexes of coherent sheaves on
projective spaces can be specified by giving a
homogeneous matrix A of exterior forms, and any
matrix A will give some such bounded complex.
The Tate resolution associated to M and F • is the
complex we obtain by taking a minimal projective
resolution of ker dA in (9) and a minimal injective
resolution of coker dA , and this resolution tells
us the cohomology of the complex of coherent
sheaves.
Example 9. Let V be the five-dimensional vector
space generated by {e1 , e2 , e3 , e4 , e5 }. The matrix
"
#
e1 ∧e2 e2 ∧e3 e3 ∧e4 e4 ∧e5 e5 ∧e1
A=
e3 ∧e5 e4 ∧e1 e5 ∧e2 e1 ∧e3 e2 ∧e4
gives a map E 5 → E 2 . Via the BGG-correspondence
(8) this gives the celebrated Horrocks-Mumford
bundle on P4 discovered over forty years ago [30],
see also [13, Section 8]. In characteristic zero this
is essentially the only known indecomposable rank
two bundle on any projective space of dimension
greater or equal to four. It is an intriguing problem
to use the methods above to try to construct new
bundles of rank ≤ n − 2 on a projective space
Pn , but to our knowledge nobody has yet been
successful.
Tate resolutions and algebraic geometry are
treated in the books [14] and [12]. The software
program [21] contains the package BGG for doing
computations with Tate resolutions.

Modelling and Computations
The last fifteen years have seen a flurry of books and
treatises giving applications of exterior algebras
and Clifford algebras, usually under the name
“geometric algebra.” Groups at the University of
Cambridge and the University of Amsterdam have
been particularly active in promoting geometric
algebra. The book Geometric Algebra for Physicists
[8] by C. Doran and A. Lasenby is a very well written
and readable introduction to exterior algebras,
Clifford algebras, and their applications in all
areas of physics, following the ideas outlined by D.
Hestenes. A more advanced treatment is [2]. The
book Geometric Algebra for Computer Scientists:
An Object Oriented Approach, [10] by L. Dorst, D.
Fontijne, and S. Mann shows geometric algebra as
an effective tool to describe a variety of geometric
models involving linear spaces, circles, spheres,
rotations, and reflections. In particular it considers
the conformal geometric model developed in
[32]. Geometric Algebra for Engineers, [37] by C.
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Perwass similarly applies geometric algebra to
models occurring in engineering: camera positions,
motion tracking, and statistics. It also considers
numerical aspects of its implementation. Other
books on geometric algebra and its use in computer
modelling and engineering are [26], [27], [43], [9],
[45], and [46]. The book [11] gives a panorama of
applications by a wide range of authors.
The comprehensive book Grassmann Algebra [5]
considers all aspects of computations concerning
the exterior algebra with Mathematica. It treats
the exterior, interior, and regressive products
and geometric interpretations. A second volume
treats the generalized Grassmann product which
constitutes an intermediate chain of products
between the exterior and interior products, and
applications to hypercomplex numbers and to
mechanics. Other treatises with a more purely
mathematical focus are [42] and [33].
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Deadline: September 15, 2015
This award was established in 2005 in response to a recommendation from the AMS’s
Committee on the Profession that the AMS compile and publish a series of profiles of
programs that:
1. aim to bring more persons from underrepresented backgrounds into some portion
of the pipeline beginning at the undergraduate level and leading to advanced degrees in
mathematics and professional success, or retain them once in the pipeline;
2. have achieved documentable success in doing so; and
3. are replicable models.
Preference will be given to programs with significant participation by underrepresented
minorities.
One or two programs are highlighted annually.
Nomination process: Letters of nomination may be submitted by one or more individuals.
Nomination of the writer’s own institution is permitted. The letter should describe
the specific program(s) for which the department is being nominated as well as the
achievements that make the program(s) an outstanding success, and may include any
ancillary documents which support the success of the program(s). The letter of nomination
should not exceed two pages, with supporting documentation not to exceed three more
pages. Up to three supporting letters may be included in addition to these five pages.
Send nominations to:
Programs That Make a Difference
c/o Associate Executive Director, Meetings and Professional Services
American Mathematical Society
201 Charles Street
Providence, RI 02904
or via email to AED-MPS@ams.org
Recent Winners:
2015: Pacific Coast Undergraduate Math Conference (PCUMC);
Center for Undergraduate Research in Mathematics (CURM)
2014: Carleton College Summer Math Program;
Rice University Summer Institute of Statistics.
2013: Nebraska Conference for Undergraduate Women in Mathematics (NCUWM).
2012: Mathematical Sciences Research Institute.

Alexander Grothendieck:
A Country Known Only by
Name
Pierre Cartier
To the memory of Monique Cartier (1932–2007)

This article originally appeared in Inference: International Review of Science, (inference-review.com), volume 1,
issue 1, October 15, 2014), in both French and English. It was translated from French by the editors of Inference and
is reprinted here with their permission.
An earlier version and translation of this Cartier essay also appeared under the title “A Country of which Nothing
is Known but the Name: Grothendieck and ‘Motives’,” in Leila Schneps, ed., Alexandre Grothendieck: A Mathematical
Portrait (Somerville, MA: International Press, 2014), 269–88.
Alexander Grothendieck died on November 19, 2014. The Notices is planning a memorial article for a future issue.

T

here is no need to introduce Alexander
Grothendieck to mathematicians: he is
one of the great scientists of the twentieth century. His personality should not
be confused with his reputation among
gossips, that of a man on the margin of society,
who undertook the deliberate destruction of his
work, or at any rate the conscious destruction of
his own scientific school, even though it had been
enthusiastically accepted and developed by firstrank colleagues and disciples.
Grothendieck’s journey? A childhood devastated by Nazism and its crimes, a father who was
absent in his early years and then disappeared in
the storm, a mother who kept him in her orbit and
long disturbed his relationships with other women.
He compensated for this with a frantic investment
in mathematical abstraction until psychosis, kept
at bay through this very involvement, caught up
with him and swallowed him in morbid anguish.
Grothendieck is difficult to categorize. Like
Carl Friedrich Gauss, Bernhard Riemann, and
many other mathematicians, he was obsessed with
the notion of space. But his originality lay in

*NOTE: The following author information has been
updated online and differs from the print version of
this issue of the Notices: Pierre E. Cartier is an emeritus
research professor at the Centre National de la Recherche
Scientifique, a visitor at the Institut des Hautes Études Scientifiques, and an associate member of the Paris-Diderot
University. His email address is cartier@ihes.fr.
DOI: http://dx.doi.org/10.1090/noti1235
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deepening of the concept of a geometric point.1 Such
research may seem trifling, but the metaphysical stakes are considerable; the philosophical
problems it engenders are still far from solved.
In its ultimate form, this research, Grothendieck’s
proudest, revolved around the concept of a motive,
or pattern, viewed as a beacon illuminating all the
incarnations of a given object through their various
ephemeral cloaks. But this concept also represents
the point at which his incomplete work opened
to a void. Grothendieck’s idiosyncrasy prompted
him fully to accept this flaw. Most scientists are
somewhat keener to erase their footprints from
the sand, silence their fantasies and dreams, and
devote themselves to the statue within, as François
Jacob puts it.
From the depths of the isolation he has imposed
upon himself since 1990, Grothendieck has sent
us a vast, introspective work: Récoltes et Semailles
(Crops and Seeds).2 If its existence has given rise
1

On its fortieth anniversary, the IHÉS published my “La
folle journée” (The Crazy Day), analyzing the concept
of a geometric point by appeal to Grothendieck’s ideas.
See Pierre Cartier, “La folle journée, de Grothendieck à
Connes et Kontsevich. Évolution des notions d’espace et
de symétrie,” Publications Mathématiques de l’IHÉS 88
(1998): 23–42.
2

Alexander Grothendieck was not only my colleague,
he was a very close friend. He sent me only one part of
Récoltes et Semailles, the part that he thought I would be
able to understand. For the missing part, I consulted the
copy at the IHÉS library.
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among some to an unwholesome curiosity, I will
nonetheless stick to offering as rational and honest
an appraisal of the work as possible before permitting the book itself to elucidate the remarkable
enterprise of a no less exceptional man.

Biographical Elements
A Family of Outcasts
There were three personalities: father, mother,
and son, each in a unique way remarkable; and
a phantom: an older half sister whom he did not
know very well, on the mother’s side, who died
recently in the United States. To the best of my
knowledge, the father’s name was Schapiro, suggesting Hassidic roots. Breaking family tradition,
Schapiro was drawn to Russia’s revolutionary
Jewish circles, and at the age of seventeen took
part in the failed 1905 revolution against the Czar.
He paid for this effort with more than ten years
in prison and was only released during the 1917
revolution. This marked the beginning of an endless period of revolutionary wandering and the
first of a long series of incarcerations. At last, after
Franco’s victory in Spain, he was reunited with his
wife Hanka and their son Alexander, refugees in
France. By then, his son attests, he was a broken
man. He drifted aimlessly for a while; then, like so
many other antifascist refugees, he was interned
in ear1y 1939 in the Vernet Camp, until the Vichy
authorities handed him to the Nazis, and he disappeared into Auschwitz.3
Hanka Grothendieck—Alexander took his mother’s surname—was a northern German. During the
1920s, she was active in various far-left groups and
tried her hand at writing. She already had a daughter when she met Schapiro. Alexander was born in
Berlin in March 1928.4 She immigrated to France
when Hitler came to power and eked out a meager
existence in German émigré circles. Hanka and her
son were interned in Mende in 1939, and would
only find respite after the debacle of June 1940.
Alexander (he wasvenol long insistent upon
this spelling) was abandoned by his parents when
they left Germany. He remained hidden on a farm
in northern Germany until 1938 (he was then ten
years old), raised by a teacher of the Freinet school
who believed in a return to Nature. He passed the
years from 1942 to 1944 in Chambon-sur-Lignon,
a pleasant resort town (in normal times) that was

popular, for the most part, with Protestants. It
housed a private high school, the Collège Cévenol,
which until 1939 was largely a diploma mill for
dim but wealthy Protestant youth. During the
war, however, under Pastor Trocmé’s energetic
influence, the Collège Cévenol became a center of
spiritual resistance to Nazism, one dedicated to
the rescue of Jewish children. Grothendieck was
a boarder at the Foyer Suisse and a student at the
Collège. He left so strong an impression that even
in the late 1950s, I was able to coax accounts of
him from witnesses.
Formative Years
His childhood came to an end. He graduated from
the Collège Cévenol and became a student at
Montpellier in 1945. Then began the period of his
scientific training.
His first explicitly mathematical episode
occurred when he was an undergraduate. He
described himself as very unhappy with the education given at the time. His professor told him that
a certain Lebesgue had already solved all (!) the
problems in mathematics, but that it would be too
difficult to teach. So alone, with almost no guidance, Grothendieck reconstructed a very general
version of the Lebesgue integral. In Récoltes et
Semailles, he describes in detail the genesis of this
first mathematical work, achieved in isolation; he
honestly believed that he was the only mathematician in the world.5
When he arrived in Paris in 1948, mathematics
degree in hand, his public period began. His professor from Montpellier had recommended him
to his own former professor, Élie Cartan, unaware
that Cartan was now much diminished, and that
he had a son, Henri Cartan, who was as famous
as his father and would henceforth dominate the
Parisian—thus French—mathematical scene.
There was little love lost between Henri Cartan,
the great Protestant university professor, and the
young, self-taught rebel. André Weil thus suggested sending Grothendieck to Nancy; there, Jean
Delsarte, one of the Bourbaki group’s mentors, had
skillfully promoted himself into a position as dean
of faculty, making Bourbaki’s infiltration possible.6
Jean Dieudonné and Laurent Schwartz knew how
to discipline Grothendieck just enough to prevent him from overextending himself, and how
to restrain his immoderate taste for extreme
generality. They also knew how to give him

3

My colleague Szpiro confirmed this; his father was interned at Vernet for analogous reasons. These memories
came to light sixty years later.
4

The 1945 Götterdämmerung in Berlin destroyed all
public records. Grothendieck thus experienced endless
administrative problems. Until the beginning of the 1980s,
he traveled with a Nansen passport from the United Nations; these were documents issued to stateless people,
albeit parsimoniously. After 1980, believing that he could
no longer be drafted into the French army, he became a
naturalized French citizen.
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I had a taste for mathematics, but I didn’t know that one
could make a career of it. My grandfather had graduated
from the École des Arts et Métiers, and my uncle graduated
from the École Centrale; my family’s ambition was to see
me enter the École Polytechnique!
6

The association of Nicolas Bourbaki’s collaborators was
created in 1935. Its founding members were Henri Cartan, Claude Chevalley, Jean Coulomb, Jean Delsarte, Jean
Dieudonné, Charles Ehresmann, René de Possel, Szolem
Mandelbrojt, and André Weil.
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problems like Lebesgue’s integration. Quickly, the
disciple overtook his masters: alone, unaided, and
isolating himself deliberately, he dominated the
domain of Functional Analysis.
At the same time, a liaison with his landlady in
Nancy led to the birth of a son, Serge. When a few
years later Grothendieck sought to care for Serge
himself, he embarked upon a custody lawsuit that
had little chance of succeeding. But this was only
the beginning of his chaotic family life: in all, he
had five children by three mothers, and would be
as absent a father to them as his own father was
to him.
The Golden Age at the IHÉS
His mathematical work in Nancy had established
his renown, and he might well have sailed along
on that momentum. But he described himself well
when he said that he was a builder of houses in
which he was not meant to live. He embarked upon
the classical career of a researcher, was quickly
recruited to the CNRS (Centre National de la Recherche Scientifique, National Center for Scientific
Research), promoted, and then spent a few years
abroad after writing his dissertation. When he returned from São Paulo, he closed the chapter on
Functional Analysis. That was the beginning of his
master period, 1958 to 1970, which coincided with
the Bourbaki group’s prime. The springboard that
allowed him to do this phenomenal work was given
to him by Léon Motchane, a brilliant businessman who had thrown himself into the creation of
the IHÉS (Institut des Hautes Études Scientifiques,
Institute for Advanced Scientific Studies) in Buressur-Yvette. Motchane offered Dieudonné, who
had just completed his theory of formal groups,
the future institute’s first chair in mathematics.
Dieudonné accepted on the condition that he hire
Grothendieck as well. The duo then recruited JeanPierre Serre, who with his keen sense of the unity of
mathematics, high scientific culture, quickness of
mind, and technical prowess, would keep them on
their toes. Serre acted as an intermediary between
Weil and Grothendieck when they no longer wished
to communicate directly, and contributed greatly
to the clarification of the Weil conjectures. Serre
was the perfect beater of mathematical pheasants
(I was going to say matchmaker), scaring the quarry
straight into Grothendieck’s nets, and in nets as
strong as those, the quarry barely struggled.
Grothendieck was then moved to create one of
the most prestigious mathematics seminars the
world has ever seen. Surrounded by young talent,
he threw himself with a passion into mathematical
discovery, in sessions lasting from ten to twelve
hours! 7 He formulated a formidable program
7

In Récoltes et Semailles, Grothendieck cites and names
his twelve apostles. The central character is Pierre Deligne,
who combines in this narrative the features of John, the
apostle whom Jesus loved, and Judas. Ah, the weight of
symbols.
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intended to fuse arithmetic, algebraic geometry,
and topology. A builder of cathedrals, as he put it
in his own allegory, he distributed the work to his
teammates. Every day, he sent interminable and
illegible mathematical feuilletons to Dieudonné,
who, sitting at his worktable from five to eight each
morning, transformed the scribbles into an imposing collection of volumes co-signed by Dieudonné
and Grothendieck and then published in the IHÉS’
Publications Mathématiques. Dieudonné abjured
all personal ambition and consecrated himself
to this service with the same self-abnegation he
had demonstrated under Bourbaki. He nonetheless only stayed at the IHÉS for a few years; upon
the creation of the University of Nice, he became
its first Dean of Sciences. But that did not end
his collaboration with Grothendieck, and he even
found the energy to organize the International
Congress of Mathematicians in Nice, in 1970.8
The IHÉS team’s success was immediate and
resounding. As early as 1962, Serre declared
that algebraic geometry and scheme theory were
identical.9 Direct and indirect publications on
the subject grew to the thousands of pages.
After Grothendieck’s retreat from mathematics,
Pierre Deligne and Luc Illusie labored to finish
publishing the Algebraic Geometry Seminars
series, for which Grothendieck was ungrateful.
Grothendieck’s school closed in on itself; the generosity of spirit associated with it disappeared; a
breath was stifled; but then, the same is true for
Bourbaki’s enterprise.10
The Break from High Society
Grothendieck’s scientific renown reached its apogee in 1966. He was to receive the crowning honor,
the Fields Medal, at the International Congress of
Mathematicians in Moscow.11 While the Soviet authorities were scant inclined to give him a visa (his
father had become an “enemy of the people” after
the 1917 revolution), they still believed they might
leverage mathematicians in the highly virulent
Cold War. (The small demonstration organized by
Smale in Moscow nonetheless clearly showed them
how difficult mathematicians were to manipulate.)
Grothendieck did not show up.
It was thus, in the context of this event, as
well as the opening of a social rift (Berkeley’s
fever, in 1965, led to May 1968 in France), that
8

This consummated the rupture between Dieudonné and
Grothendieck. The mutual incomprehension between
the head of the congress, who believed in science for the
sake of science, and the libertarian militant, who used the
congress to propagate his revolutionary ideas, became
complete.
9

Grothendieck’s creation.

10

Common destiny of institutions and civilizations.

11

We like to compare this to the Nobel Prize (which doesn’t
exist in mathematics), but it is limited to three or four
laureates every four years.
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Grothendieck’s fault line ruptured, or rather that
his deepest wound was reopened. This wound was
that of his Russian Jewish father, remembered in
a country where anti-Semitism was resurgent; it
was coupled with a “Nobel syndrome,” particularly
since the Fields Medal crowned an unfinished
agenda and his suspicion that he would never
reach the goal of his scientific ambitions.12 In parallel with this, the ambient social rift revealed to
him his own contradictions. He, who saw himself
as an outlaw and an anarchist, suddenly discovered
that he was in fact a mandarin of the international
scientific world, one who wielded authority over
ideas and people. In a period when all authority
was contested, he was ill at ease with this double
personality. His temporary response was to found
a tiny group that expressed itself in a newsletter
called Survivre (Survival) and later Survivre et vivre
(Survival and Life). This movement resembled one
of those ecological-doom sects that sprung up in
the 1970s, the danger (real at the time) of nuclear
war merging with the obsession with pollution and
overpopulation. He probably believed that social
arguments, too, could be made using techniques of
mathematical proof. In the end, he managed only
to antagonize his audience.
There followed a few years of wandering: he
resigned from the IHÉS on a relatively minor pretext13 in September 1970, traveled abroad, took a
temporary position at the Collège de France, and
finally a position as a professor at the University
of Montpellier of his youth, a place for which he
had only modest esteem.14
The Interior Exile
During his years in Montpellier, one event in particular was a milestone: his trial. Grothendieck had
always welcomed marginal sorts into his home. In
the 1970s, many hippie groups became attached
12

The high point of a career that one imagines can’t be
surpassed.

13

The discovery that the IHÉS received, on the recommendation of Michel Debré (then the French prime minister), a
modest stipend from the DRET (Direction de la recherche
et des études techniques, or the Directorate of Research
and Technical Studies, part of the Defense Ministry, an
organization financing military research). The IHÉS’
financing was for a long time quite opaque, but military
funding never played more than a modest role. It isn’t
totally absurd, however, to imagine that there might have
been a global plan eventually to draft scientists in a new
world war (this time against the USSR), and that the IHÉS
might have been part of that network. Only Motchane
could have enlightened us about this point.
14

He was an affiliated professor (a position reserved for
foreigners) there from 1970 to 1972. At the very moment
when he could have received tenure, he announced unambiguously that he would use his chair as a vehicle for his
eco-anarchist ideas. This resulted in a curious three-way
competition among Grothendieck, Jacques Tits, and me,
very unusual for the Collège de France, which ended with
Tits’s nomination to the Chair of Group Theory.

376

Notices

of the

to the regions of Lozère and Larzac, and seen from
the outside, Grothendieck’s house was the very
embodiment of a phalanstery, he one of the gurus.
Following a few incidents, real or exaggerated, the
local police raided Grothendieck’s house. The only
crime that they could pin on him was his hosting
of a Japanese Buddhist monk, a former mathematics student at the Tata Institute in Bombay and
an entirely inoffensive character, but one whose
residence permit in France had expired. The unexpected result was a summons, six months later,
to the Magistrate’s Court of Montpellier, by which
time the Japanese monk had, of course, long since
disappeared to the Antipodes. And what should
have been a ten-minute expedited procedure
became a major event. Grothendieck appeared at
the Bourbaki Seminar in Paris to alert some of his
colleagues: Laurent Schwartz, Alain Lascoux and
me. By the day of the trial, the judge had received
two hundred letters in favor of the accused, and a
chartered airplane disgorged a medley of supporters wearing Dean’s robes (with Dieudonné at their
head), the ecclesiastical fringe of the champagne
socialist set, legal heavyweights. Grothendieck
acted as his own lawyer, preferring the risk of losing the trial to accepting concessions on form. He
gave a magnificent speech for the defense. Alas,
as Grothendieck had predicted, the craven judge
sentenced him to a six-month suspended sentence.
The sentence was upheld on appeal, but by then
the media excitement had died away.
Grothendieck retired in 1988, and has lived
since in an interior exile in a little village in Ariège
(a department in the Midi-Pyrénées region of southwestern France). He seems to have broken off all
family ties. It is not insignificant that he lives so
close to the Vernet Camp, which is sadly infamous,
but above all associated with his childhood. He has
neither a telephone nor a known postal address,
and only a select few know the exact location of
his retirement, having promised not to divulge
it. He lives alone, perceived by his neighbors as a
“slightly eccentric retired mathematics professor.”
He has translated his spirituality into Buddhist
terms, and kept from his orthodox Jewish ancestors a respect for dietary taboos: he practices the
most extreme form of vegetarianism, and seems as
a result to have compromised his health.

The Birth of His Mathematical Work
Presenting Grothendieck’s scientific work in a
few pages to a lay audience is a challenge. To
do so, I will make use of the analysis offered by
Dieudonné, long Grothendieck’s closest associate,
in his introduction to the Festschrift produced on
the occasion of Grothendieck’s sixtieth birthday.15
15

Jean Dieudonné, “De l’analyse fonctionelle aux fondements de la géométrie algébrique,” in Pierre Cartier et al.,
eds., The Grothendieck Festschrift, (Basel: Birkhaeuser,
1990), 1–14.
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Functional Analysis
Georg Cantor’s Set Theory allowed its twentiethcentury heirs to create Functional Analysis. This
is an extension of the classical Differential and
Integral Calculus (created by Leibniz and Newton),
in which one considers not merely a particular
function (such as the exponential function or a
trigonometric function), but the operations and
transformations that can be performed on all
functions of a certain type. The new theory of
integration, created at the beginning of the twentieth century by Émile Borel and above all by Henri
Lebesgue, and the invention of normed spaces
by Stefan Banach, Maurice Fréchet, and Norbert
Wiener, yielded new tools for construction and
proof in mathematics. Functional Analysis is a
seductive theory in its generality, simplicity, and
harmony, and it can resolve difficult problems
elegantly. However, it often makes use of nonconstructive methods (the Hahn-Banach theorem,
Baire’s theorem and its consequences), which,
when used to prove the existence of a mathematical object, cannot always provide an effective
method for its construction. (Are there two irrational numbers a and b such that ab is rational? The
obvious proof indicates that there are, but fails
to identify the numbers). It is unsurprising that
a beginner, delighted by the theory, responded
enthusiastically to what he learned about Functional Analysis from his somewhat old-fashioned
professors in Montpellier.
Upon his arrival in the Parisian mathematical
world in 1948, at the age of twenty, Grothendieck
had already written a voluminous manuscript in
which he reconstructed a very general version of
the Lebesgue integral. Once established in a favorable milieu in Nancy, where Jean Dieudonné, Jean
Delsarte, Roger Godement and Laurent Schwartz
(all active members of the Bourbaki group) were
striving to go beyond Banach’s work on Functional
Analysis, he revolutionized the subject, and even
in a sense annihilated it. In his thesis, written
in 1953 and published in 1955, he created from
scratch a theory of tensor products for Banach
spaces and their generalizations, and invented the
concept of a nuclear space in order to explain Laurent Schwartz’s important kernel theorem about
functional operators. Russian mathematicians
influenced by Israel Gelfand would make essential
use of nuclear spaces, and it would become one
of the keys to applying techniques from probability theory to problems in Mathematical Physics
(statistical mechanics, “constructive” quantum
field theory). Grothendieck abandoned this after
writing a dense and profound article on metric
inequalities, one that fueled the research of an
entire school (Gilles Pisier and his colleagues) for
forty years. He cared little about the consequences
of his ideas, and was indifferent, even hostile,
April 2015

towards theoretical physics, a discipline guilty of
the destruction of Hiroshima.
Homological Algebra
Grothendieck then began a second mathematical
career at the age of twenty-seven. It was 1955,
the golden age of French mathematics, when
mathematicians in Bourbaki’s orbit, and under
the leadership of Henri Cartan, Laurent Schwartz
and Jean-Pierre Serre, attacked the most difficult
problems of geometry, group theory, and topology.
New tools appeared: sheaf theory and homological
algebra (invented by Jean Leray in the first case,
and by Henri Cartan and Samuel Eilenberg in the
second: their treatise Homological Algebra was
published in 1956). These were admirable in their
generality and flexibility.
The apples of the Garden of the Hesperides
were the famous conjectures stated by André Weil
in 1949. These seemed to represent a combinatorial problem of daunting generality (counting the
number of solutions for equations with variables
in a Galois field), even though many significant
special cases were already known.
Grothendieck’s first foray into this new domain came as a thunderclap. It was known by
_
the nickname “Tohoku” because it appeared in
_
the Japanese T ohoku Mathematical Journal in
1957 under the modest title “Sur quelques points
d’algèbre homologique” (Some Aspects of Homological Algebra).16 Homological algebra, intended
to be a general tool that reached beyond all the
special cases, was already a vast synthesis of
known methods and results. But sheaves do not
enter into this framework. Jean Leray constructed
sheaves and their homology ad hoc, imitating the
geometric methods of Élie Cartan (Henri Cartan’s
father). In the autumn of 1950 Eilenberg, who was
spending a year in Paris, began with Cartan to give
an axiomatic characterization of sheaf homology,
yet the construction retained its ad hoc character.
When Serre introduced sheaves into algebraic
geometry in 1953, the seemingly pathological nature of the Zariski topology forced him into some
very indirect constructions. Grothendieck’s genius
consisted in solving the problem from above, a
method he would often use. Analyzing the success
of homological algebras in the context of modules,
he unearthed the notion of an abelian category
(simultaneously invented by David Buchsbaum),
and above all the condition he called AB5*. This
condition guaranteed the existence of so-called
injective objects. The sheaves satisfying condition
AB5*, the method of injective resolutions that is
fundamental for modules, extends to sheaves in
general without the need for any artifice. Not only
does it lend a sound basis to the construction of
16

Alexander Grothendieck, “Sur quelques points d’algèbre
homologique, II” (Some Aspects of Homological Algebra),
_
Tohoku Mathematical Journal 9, no. 3 (1957): 119–21,
doi:10.2748/tmj/1178244774.
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the Ext and Tor functors over to sheaves. Everything is natural again.
Algebraic Geometry and Arithmetic Geometry
After this initiation (1955–1958), Grothendieck
announced his research program: to create arithmetic geometry via a (new) reformulation of
algebraic geometry, seeking maximal generality
by appropriating the new tools created for use in
topology and already tested by Cartan, Eilenberg,
and Serre. He dared attack the synthesis that none
of the actors at the time (Claude Chevalley, Serge
Lang, Masyoshi Nagata, Jean-Pierre Serre, me)
had dared, throwing himself headlong into the
work with characteristic energy and enthusiasm.
Grothendieck’s undertaking thrived thanks to
unexpected synergies: the immense capacity for
synthesis and for work of Dieudonné, promoted
to the rank of scribe; Serre’s rigorous, rationalist
and well-informed spirit; the practical know-how in
geometry and algebra of Oscar Zariski’s students;
the youthful freshness of his great disciple Pierre
Deligne—all acted as counterweights to Grothendieck’s adventurous, visionary, and wildly ambitious spirit. The new IHÉS mobilized a constellation
of young international talent. Organized around
the key notion of a scheme, Grothendieck’s theory
ended up annexing every part of geometry, even
the newest parts such as the study of algebraic
groups.17 Using a gigantic apparatus—Grothendieck topologies (étale, crystalline…), descent,
derived categories, the six operations, characteristic classes, monodromy groups, and so on—
Grothendieck arrived halfway to the final goal, the
Weil conjectures. In 1974, Deligne completed the
proof, but Grothendieck had, by 1970, and after
twelve years of undisputed scientific reign over
the IHÉS, lost his own organizing center and had
let things fall apart. Until his official retirement in
1988 at the age of sixty, he worked only in spurts,
nonetheless leaving a significant “posthumous”
body of work.
There are three main texts: À la poursuite des
champs (Pursuing Stacks),18 written in 1983, is a
17

The epistemological shift was characteristic: for Chevalley, who invented the name in 1955, it indicated the
scheme or skeleton of an algebraic variety, which remained the central object. For Grothendieck, the scheme
is the focal point, the source of all the projections and all
the incarnations.

18

The mathematician Ronald Brown explains the complicated history of this document in “The origins of Alexander
Grothendieck's ‘Pursuing Stacks’.” …there are links to sites
from which the manuscript may be downloaded in full or
in parts. (inference-review.com/article/a-countryknown-only-by-name#footnote-18 and pages.bangor.ac.uk/~mas010/pstacks.htm) Brown also includes
interesting correspondence among mathematicians
about corrections to the text and about Grothendieck, the
man and his work. The links from some of these entries
point to other discussions among mathematicians about
Grothendieck in general and this manuscript in particular.
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six hundred-page reflection on multi-dimensional
categories. Combinatorics, geometry, and homological algebra come together in an imposing project. After more than fifteen years of the combined
efforts of many, three (probably nearly equivalent)
definitions have been proposed for multidimensional categories (broadly defined). 19 They are
not only important for pure mathematics since
a theory of such constructions would have many
potential applications in theoretical computer science, statistical physics, etc. The second, Esquisse
d’un programme (Sketch of a Program),20 was a
text written in 1984 for inclusion in the application
for a position with the CNRS. In it, Grothendieck
sketches (the word is exact) the construction of a
tower (or a game of Lego) describing deformations
of algebraic curves. Finally, La longue marche à
travers la théorie de Galois (Long March Through
Galois Theory),21 written in 1981, gives partial
indications about some of the constructions suggested in the Esquisse.
Those texts were all passed around handto-hand, with the exception of the Esquisse,
which was finally published at the insistence of a
group of devotees. Curiously, the true heirs of
Grothendieck’s work are essentially members
of a Russian mathematical school (Yuri Manin,
Vladimir Drinfeld, Alexander Goncharov, Maxim
Kontsevitch, to cite just a few), who have had little
if any direct contact with Grothendieck. Nonetheless, they inherited and knew how to make use of
methods from mathematical physics, a domain he
disregarded and abhorred.
19

The challenge is this: when we want to formulate an
identity at a certain level, say A = B, we must create a
new object on the level just above, which performs the
transformation from A to B. It is, therefore, a kind of
dynamic theory of relations. In spirit, it is analogous to a
Russell-Whitehead theory of types, but with a geometric
component; in fact, Grothendieck conceives of his stacks
as generalizations of homotopy theory (which studies deformations in geometry). His fusion of logic and geometry,
nascent in stacks and toposes, is one of the most promising
doors Grothendieck opened.

20

Alexander Grothendieck, “Esquisse d’un programme”
(Sketch of a Program), 1984 manuscript, published in
later form in Pierre Lochak and Leila Schneps, eds., Geometric Galois Actions: Volume 1. Around Grothendieck’s
Esquisse d’un Programme, London Mathematical Society
Lecture Notes 242 (Cambridge: Cambridge University
Press, 1997) 5–48; English translation 243–83.

21

Alexandre Grothendieck [sic], “La longue marche à travers la théorie de Galois:” transcription d’un manuscrit
inédit, Volume 1 (The Long March Through Galois Theory:
Transcript of an Unedited Manuscript), edited and with
a foreword by Jean Malgoire (Montpellier: Université
Montpellier II, Département des Sciences Mathématiques,
1995).
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Autopsy of an Œuvre
The Editing of the Geometric Corpus
Published in two series, Grothendieck’s work in
algebraic geometry amounts to more than ten
thousand pages. Entitled Éléments de Géométrie Algébrique (Elements of Algebraic Geometry, or ÉGA),
an appeal to both Euclid’s Elements and Bourbaki,
the first was written entirely by Dieudonné, and
has remained unfinished; of the thirteen parts that
were initially planned, only four were written. The
second series, the composition of which was more
tumultuous, is called Séminaires de Géométrie Algébrique (Seminars in Algebraic Geometry, or SGA)
and comprises seven parts. It covers the Seminars
in the Bois-Marie (named after the location of the
IHÉS), which Grothendieck led from 1960 to 1969.
The first two parts were written by Grothendieck,
or under his control, and he personally supervised
their publication; as for the third, it was essentially
written by Pierre Gabriel and Michel Demazure
(whose dissertation was extracted from this work).
Afterward, things became more complex. When
Grothendieck abandoned the mathematical scene
in 1970, he left behind unfinished business, and
the workplace was in a pitiful state. He left indecipherable manuscripts, mimeographed lectures
from the seminars, notes for publication. They
needed to be synthesized and the (sizeable) gaps
filled in; it was an epic task. Luc Illusie and Pierre
Deligne accomplished all of this with great fidelity and filial piety. The centerpiece, in view of the
Weil conjectures, is SGA 4, dedicated to the most
innovative of ideas. But when Deligne announced
his proof of the Weil conjectures in 1974, experts
considered the foundations of his proof to be
incomplete. Deligne then published (along with
the missing link from the Grothendieck seminar,
SGA 5) an additional volume, which he basically
drafted by himself, titled, curiously, SGA 4½.
Grothendieck dismissed the entire enterprise.
This was not what he, Grothendieck, had had
in mind; his plans had been truncated; they had
betrayed him. He described his feelings by means
of a strong image: that of a team of builders who,
now that their Master is dead, disperse, each one
carrying away his own sketches and tools. It would
be a morally powerful image were it not for the
fact that, far from dying, the Master had simply
abandoned his team.
Grothendieck had a taste and a talent for naming things, which he used as a major intellectual
strategy. Thus, my title, “A Country Known Only
by Name,” is an homage to his way with words.
He had a special talent for naming things before
possessing and conquering them, and many of
his terminological choices were remarkable. He
sought mental images to illustrate his scientific
ideas; these included la belle demeure parfaite (the
perfect mansion) and le beau château dont on a
hérité (the beautiful, inherited castle). He described
himself as a builder. He juggled all these allegories
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in a fantastic register of language. And this is all
the more surprising and striking because his native
language was German, the only language he used
to communicate with his mother until her death.
But if he long thought in German, he nevertheless
subsequently acquired an acute sense of French;
his bilingualism allowed him to play discerningly
with Germanisms.
The Great Problems
Having a taste for symbolism, Grothendieck
recognized twelve disciples, just as he divided
Récoltes et Semailles into twelve themes, of which
I will only comment on a few. A large number of
the themes concern Grothendieck’s grand enterprise: algebraic geometry. The great problems
constitute great enigmas, whose relatively simple
formulation offers no obvious point of attack.
What was improperly known as Fermat’s Last
Theorem was a conjecture of Biblical simplicity:
the relation an + bn = cn is impossible if a, b, c, n
are whole numbers, unless n = 2. Andrew Wiles
and Richard Taylor required a large and complex
edifice, based largely on Weil and Grothendieck’s
methods, to establish the proof. The most prestigious and confusing of contemporary problems is
the Riemann Conjecture. In 1930, Helmut Hasse
(following Emil Artin and Friedrich Schmidt)
formulated and solved a problem similar to the
Riemann Conjecture by translating it into the form
of an inequality. The next step would occupy Weil
from 1940 to 1948. When Weil formulated his
famous conjectures in 1949, he was guided by
these ideas.
For Grothendieck, the Weil conjectures are not
so much interesting in themselves, but as a test
of his general vision. Grothendieck distinguished
between builders and explorers in mathematics,
viewing himself as both at once. Grothendieck’s
favorite method was similar to Joshua’s for conquering Jericho. One must seize the place by sapping it; at a certain point, it succumbs without a
fight. Grothendieck was convinced that if one had
a sufficiently unifying vision of mathematics, if
one could sufficiently penetrate its conceptual
essence, then particular problems would be nothing but tests that no longer need to be solved for
their own sake.
This fashion of conceiving of mathematics
worked quite well for Grothendieck, even if his
dreams tended to make him go too far at times and
he needed the correcting influence of Dieudonné
and Serre. Deligne knew every trick of his master’s
trade by heart, every concept, every variant. His
proof, given in 1974, is a marvel of precision; the
steps follow each other in a natural order, without
surprise. Every lecture by Grothendieck introduced
a whole new world of concepts, each more general
than the one before. I think that this opposition of
methods, or rather of temperaments, is the true
reason behind the personal conflict that pushed
them apart. That John, the disciple Jesus loved,
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wrote the last Gospel by himself played a role,
perhaps, in the sullen exile that Grothendieck
imposed upon himself.
The Method
We now arrive at the very heart of the unifying
vision of Grothendieck’s mathematical method.
Of the twelve great ideas of which he was justly
proud, he placed three above the others. He offered
them in the form of a progression from schemes
to motives:
SCHEMETOPOSMOTIVE
His whole scientific strategy was, indeed, organized around a progression of increasingly general
concepts. The image that comes to my mind is a
Buddhist temple that I visited in Vietnam in 1980.
According to tradition, the altar comprised a series
of rising steps, at the top of which lay an enormous
reclining figure of the Buddha. When we follow
Grothendieck’s work throughout its development,
we likewise sense that we’re gradually evolving
toward perfection. The motives represented, in his
mind, the final stage, the one he hadn’t yet reached.
He had, however, reached the two intermediate
stages (scheme and topos).

The Trilogy
Schemes
The term itself was coined by Chevalley, although
accepted in a more restrictive sense than the term
as used by Grothendieck. In Foundations of Algebraic Geometry, André Weil had introduced into
algebraic geometry the methods used by his mentor, Élie Cartan, in differential geometry (following
Carl Friedrich Gauss and Jean Darboux). But Weil’s
method was by no means intrinsic, and Chevalley
wondered what was invariant, in Weil’s sense of
variety. The answer, inspired by Zariski’s work,
was simple and elegant: the scheme of an algebraic
variety is the collection of local rings of the subvarieties found inside the rational function field.
There is no need for an explicit topology, a point
of distinction between Chevalley and Serre, who
at roughly the same time introduced his algebraic
varieties using Zariski topologies and sheaves.
Each of the two approaches had advantages, but
also limitations: Serre had an algebraically closed
base field; Chevalley had to work only with irreducible varieties. In both cases, the two fundamental
problems of products of varieties and base change
could only be approached indirectly. All the same,
Chevalley’s point of view was better suited to
future extensions to arithmetic, as Nagata soon
observed.
Évariste Galois was certainly the first to notice
the polarity between equations and their solutions. One must distinguish between the domain
in which coefficients of the algebraic equation are
chosen and the domain in which solutions are
sought. Grothendieck created a synthesis out of
these ideas, based in essence on the conceptual
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presentation of Zariski-Chevalley-Nagata. Schemes
are thus a way of encoding systems of equations
as well as the transformations to which one may
subject them.
Grothendieck presented the Galois problem
in the following manner: a scheme is an absolute
object, X, say; the choice of a field of constants
(or a field of definition) corresponds to the choice
of another scheme S and a morphism πX from X
to S.22 In the theory of schemes, a commutative
ring is identified with a scheme, its spectrum.23 A
homomorphism from ring A to ring B likewise
maps, inversely, the spectrum of B into the spectrum of A. Moreover, the spectrum of a field has
a single underlying point (even though many different points exist, in this sense); consequently,
giving the field of definition as being included
in the universal domain corresponds to giving a
scheme morphism πT from T to S. A solution of
the system of equations X, with the domain of
constants S, with values in the universal domain
T, corresponds to a morphism ϕ from T to X such
that πT is the composition of ϕ and πT.
What admirable simplicity! Modern mathematics rests upon the primacy of sets. Once one has
accepted the existence of sets and the constructions made from them, every mathematical object
becomes a set and coincides with the set of its
points.24 Transformations are, in principle, transformations of points.25 In the various forms of
geometry (differential, metric, affine, algebraic),
the central object is the variety, considered as a set
of points.26 And for Grothendieck, the scheme is
the internal mechanism, the matrix that generates
the space’s points.27
The purely mathematical analysis, Gelfand’s
and then Grothendieck’s, of the notion of
a point was discovered after a fundamental reevaluation of the status of the point in quantum
22

From the start, this is based on the philosophy of categories: we define the category of schemes, with its objects
(the schemes) and its transformations (morphisms); a
morphism ƒ links two schemes X and Y, which is symbolized by ƒ: XY.

23

Gelfand’s fundamental idea was to associate a normed
commutative algebra to a space. Grothendieck dated his
first investment in functional analysis to exactly the time,
post–1945, when Gelfand’s theory assumed its centrality.
The term “spectrum” comes directly from Gelfand.

24This

set must be structured, which is done using a settheoretic version of Bertrand Russell and Alfred North
Whitehead’s theory of types.

25But

the possibility of considering, say, lines or circles
in space as points of a new space makes it possible to
incorporate the geometry of transformations of points
into lines or circles.

26In

the sense of the domain of variation.

27I

am using the word “matrix” here in its customary
sense, not in the usual mathematical sense (a table of
numbers).
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physics. The most systematic expression of this
reevaluation is Alain Connes’ noncommutative
geometry. The synthesis is far from complete.
The increasingly manifest kinship between
the Grothendieck Teichmüller28 group and the
renormalization group in quantum field theory
is doubtless only the first manifestation of
a symmetry group operating on the fundamental constants of physics, a kind of cosmic Galois group.29 Grothendieck did not predict this
development, and probably would not even have
welcomed it, owing to his prejudices against physics (due in large part to his vehement rejection of
the military-industrial complex).
In Récoltes et Semailles, Grothendieck for a moment compared himself to Einstein in his contribution to the problem of space. His contribution
is indeed of the same magnitude.30 Einstein and
Grothendieck both deepened a particular vision
in which space is not an empty receptacle for phenomena, but the principal actor in the life of the
world and the history of the universe.
Toposes
Let us now consider toposes.31 Unlike schemes,
toposes generate geometry without points. In fact,
nothing prevents us from proposing an axiomatic
framework for geometry in which points, lines, and
planes would all be on the same footing. Thus we
know axiomatic systems for projective geometry
(George Birkhoff) in which the primitive notion
is that of a plate (a generalization of lines and
planes), and in which the fundamental relationship
is that of incidence. In mathematics, we consider a
class of partially ordered sets called lattices; each
of these corresponds to a distinct geometry.32
In the geometry of a topological space, the lattice of open sets plays a starring role, while points
are relatively minor. But Grothendieck’s originality
was to reprise Riemann’s idea that multivalued
functions actually live not on open sets of the
complex plane, but on spread-out Riemann surfaces. The spread-out Riemann surfaces project
down to each other and thus form the objects of
a category. However, a lattice is a special case of
28Named by Drinfeld, one of the mathematicians who
penetrated most deeply into Grothendieck’s Esquisse.
29Most

notably in Dirk Kreimer and Alain Connes’ recent
reformulation.

30

Also, don’t forget Einstein’s deep commitment to the
struggle against militarism, following a political trajectory
closely related to Grothendieck’s.

31

Some purists would like the plural to read “topoi,” as in
classical Greek. I will follow Grothendieck, writing “topos”
and “toposes.”

32

We must assume the existence of a largest and smallest element (the empty set and the universal set), and of
intersections and joins of two plates. In the past twenty
years, this point of view was developed anew under the
name “matroid” or “combinatorial geometry” (mainly by
Gian-Carlo Rota and Henry Crapo).
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a category, since it includes at most one transformation between two given objects. Grothendieck
thus proposed replacing the lattice of open sets
with the category of spread-out open sets. When
adapted to algebraic geometry, this idea solves a
fundamental difficulty, since there is no implicit
function theorem for algebraic functions. Sheaves
can now be considered as special functors on the
lattice of open sets (viewed as a category), and can
thus be generalized to étale sheaves, which are
special functors of the étale topology.
Grothendieck would successfully play many
variations on this theme in the context of various
problems of geometric construction (for example,
the problem of modules for algebraic curves). His
greatest success in this regard would be the étale
“-adic” cohomology of schemes, the cohomological theory needed to attack the Weil conjectures.
But there is still another step towards abstraction. Consider the progression:
SCHEMEÉTALE COHOMOLOGYÉTALE SHEAVES
Grothendieck realized that one could pass directly to the last step, and that all the geometric
properties of a scheme are encoded in the category
of étale sheaves. This category belongs to a particular type of categories that he called “toposes.”
Here, then, is the last act of the play. Grothendieck had noticed that the sheaves on a given space
formed a category that basically had the same
properties as the category of sets. But Kurt Gödel
and Paul Cohen had already demonstrated that
there were various nonequivalent models of set
theory. It was thus natural to explore the relations
that might exist between toposes and models of
set theory. Grothendieck knew nothing of logic and
probably despised it just as thoroughly as he did
physics. It was for others (especially Jean Bénabou,
William Lawvere and Myles Tierney) to solve the
riddle: toposes perfectly embodied intuitionistic
models of set theory. The principle of the excluded
middle is not valid. It is most remarkable that this
logic was invented by an illustrious topologist,
Luitzen Egbertus Jan Brouwer, and with hindsight,
it arises very naturally because intuitionistic logics
may be given topological interpretations.33
Motives
There remain the motives. The image to which
Grothendieck appealed was a rocky coastline at
night illuminated by a rotating lighthouse, one
revealing one part of the coast and then another.
Similarly, we see the various known cohomological
theories, many of which he himself invented, before we return to the source and build a lighthouse
that will depict a unified landscape. In some sense,
the scientific strategy is the opposite of the one
used in the universe of schemes.
33

A topological version of the fact that the double negation of a proposition is not necessarily equivalent to it in
intuitionistic logic.
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Grothendieck never published anything on this
subject. He merely made a few remarks. Vladimir
Voevodsky made the most ambitious contribution
to this area by constructing a category of objects
called motives. But in such a category, pieces of
objects can migrate like wandering genes. The
image of a genetic inheritance seems to me quite
relevant. This was made possible by the use of
Deligne’s definition of weight, the centerpiece in
his proof of the Weil conjectures.
The tool created by Voevodsky might have met
Grothendieck’s expectations, but it was difficult
to use. The right tools should be easy to use.
Thus what progress has been made has only been
accomplished by restricting our ambitions to such
objects as mixed Hodge structures or mixed Tate
motives. These are expressions of a fundamental
group of symmetries, like the GrothendieckTeichmüller group. Even in this small field, there is
already an enormous amount of work to be done
to unearth inestimable treasures. Grothendieck
complained that all this was too economical, too
reasonable; he heaped reproaches on the tradesmen from his visionary height. But it seems to me
that in the presence of mathematical visionaries,
such as Grothendieck or Robert Langlands, the
right scientific strategy consists in isolating a piece
that is precise and narrow enough that we can
make progress, but also sufficiently vast to yield
interesting results.

Instead of a Conclusion
Mathematicians see themselves as the most objective of the scientists. If it is to be communicated
without distortion, the mathematics must be
detached from the mathematician. The mathematician must be allowed decently to disappear. In
practice, this disappearance is quite effective.
Grothendieck represents a special case. He
lived apart from the world, much more so than
the caricatured absent-minded professor. Even in
his mathematical milieu, he wasn’t quite a member
of the family. He pursued a kind of monologue,
or rather, a dialogue with mathematics and God,
which to him were one and the same. His work is
unique in that it didn’t efface his fantasies and
obsessions, but rather lived in their company
and nourished them. He gave us a body of purely
mathematical work, and simultaneously offered
what he held to be its meaning.
His life was burned by the fire of the spirit,
and he continued to search for a country and for
a name. I believe the country was Galicia, and the
name was that of his father.

Anatomy of an Author: The Religious
Return
What is striking about Grothendieck, at first, is an
expression of suffering: suffering that work was
left unfinished, the feeling of having been betrayed
by his collaborators and followers. In a moment of
true lucidity, he said something like, “I was the only
person to have the breath of inspiration, and what
I transmitted to those around me wasn’t inspiration, but a job. I had workmen around me, but none
of them really had inspiration!” The comment is
deep and true, but it doesn’t explain why he deliberately closed the mouth from which that breath
emanated. From what we know of his life today, he
is subject to cyclical crises of depression. It seems
to me that his capacity for scientific creation was
the best antidote to his depression, and that his
immersion in a lively scientific milieu (the Bourbaki
group and the IHÉS) favored his creativity.
But here I’d like, especially, to mention the religious aspect of his life, which he claims is deep
and permanent. He says that he has had visual and
auditory hallucinations. He describes these divine
apparitions in Récoltes et Semailles, writing that
he sings Gospels in two voices simultaneously, his
own and God’s. It was following a series of these
hallucinations or apparitions that he sent out a
public eschatological message, unaccountably
unanswered. Most disturbing is his obsession with
the Devil. He is drafting a report.
382

Notices

of the

AMS	

Volume 62, Number 4

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

FIND THE

Graduate
Program

THAT’S RIGHT FOR YOU!

Visit www.ams.org/FindGradPrograms
a convenient source of comparative information on graduate
programs in the mathematical sciences for prospective graduate
students and their advisors.

Search and sort by
• specialties
• degree type (Master’s or Ph.D.)
• size (Ph.D.’s awarded)
• location (U.S. & Canada)
Compare information on
• financial support
• graduate students
• faculty
• degrees awarded
• featured listings

Book Review

The MαTH βOOK
Reviewed by Sarah J. Greenwald and
Jill E. Thomley

The MαTH βOOK: From Pythagoras to the 57th
Dimension, 250 Milestones in the History of
Mathematics
Clifford A. Pickover
Sterling Milestones, 2009, 2012
528 pages
US$22.00 (hardcover), US$13.00 (paperback)
ISBN-13: 978-1-4027-8829-1
The Neumann Prize from the British Society for
the History of Mathematics is awarded to a book
written for a general audience that incorporates
mathematical history. The book under review, by
Clifford Pickover, won this prize in 2011. One
reason is surely the visual beauty of The MαTH
βOOK, starting with its striking cover, which looks
great on a coffee table. In fact, it has been sitting
on our own coffee tables, and, while undersized
compared to our other books, it holds its own.
Catching the light from a certain angle, the cover
reveals numbers and objects in what resembles
a colorful foil-stamped effect. Look closely to
see spheres and Möbius bands, as well as the
numbers from 1 to 999. Certain numbers are
highlighted—they are the primes from 2 to 997.
Sarah J. Greenwald is professor of mathematics and a
Women’s Studies core faculty member at Appalachian State
University. Her email address is greenwaldsj@appstate.
edu.
Jill E. Thomley is professor of statistics at Appalachian State
University. Her email address is thomleyje@appstate.
edu.
DOI: http://dx.doi.org/10.1090/noti1238
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Why is the number 1 also highlighted? We guess
that was a mistake on the part of the layout artist.
Nevertheless, we love the cover effects and feel
they would definitely appeal to those browsing the
shelves in a bookstore or a library.
The book is a collection of two-page articles,
in which the first page is devoted to text and the
facing page to an accompanying image. So each
turn of a page opens to a new and wonderful
picture. Some of the images successfully make
connections and extend the mathematics of the
articles they are paired with. For instance, an
approximation of a hyperbolic dodecahedron by
Paul Nylander accompanies the article on Platonic
solids. However, other images, though still visually
appealing, are less mathematically effective, such
as the cicada picture accompanying an article on
prime number life cycles.
The organization of the book is chronological,
with each article focusing on one “milestone.” The
first is “Ant Odometer,” which is dated circa 150
million BC, and the last is “Mathematical Universe
Hypothesis,” dated 2007. In each article the date
corresponding to the milestone is prominently
displayed in large type. This is attractive graphic
design, but in some cases, assigning a single date
rather than a range of dates is awkward or even
downright misleading. For example, the article
on non-Euclidean geometry carries the date of
1829, as that is the year of publication of Nikolai
Lobachevsky’s paper “On the principles of geometry.” The implication is that the field started in
1829, whereas in fact it evolved slowly as mathematicians through the centuries grappled with the
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fifth postulate (see, e.g., [3]). To be fair, the article
does highlight some other contributors, including
Euclid of Alexandria, János Bolyai, Bernhard Riemann, and Albert Einstein; Carl Friedrich Gauss,
however, is notably absent. For some articles, the
book uses not publication dates but the date of
a significant event to indicate the timing of the
mathematical development being described. For
example, the article on Bayes’s Theorem gives the
year of Thomas Bayes’s death as the milestone,
even though the theorem that bears his name was
not officially published until three years later, in
1764 [1].
In fact, the use of the term “milestones” creates
its own awkwardness. For example, the Klein bottle
is discussed a number times in the book and even
has its own article, as do several other surfaces. To
call the Klein bottle a “milestone” makes little sense.
A more fitting milestone might have been Felix
Klein’s Erlanger Programm, which had profound
effects on geometry research but is not mentioned
at all in the book. We also wouldn’t have included
certain other topics in the book as mathematical
“milestones,” such as the Rubik’s Cube or the
television show NUMB3RS. While they certainly
helped popularize mathematics and are of interest
to a general audience, we do not consider them to
be a true “milestone” in the history of mathematics.
Perhaps a different term than “milestones” would
have worked better for the articles.
Despite the chronological ordering of the articles,
the real focus of the book is on people and places,
starting with the book’s subtitle From Pythagoras
to the 57th Dimension. Pythagoras is mentioned in
several articles, including one called “Pythagoras
Founds Mathematical Brotherhood.” The 57th
dimension is found in the article “The Quest for Lie
Group E8 ,” which highlights the contributions of
Marius Sophus Lie and Wilhelm Karl Joseph Killing.
We like the way Pickover has included contributions
not just of the historical stars of mathematics but
also of many different people in many different
cultures. There are some missteps: the name of the
Hausa people of Africa is misspelled as “Hasua,”
and the statement that “Abaci are still used in. . .
parts of the Soviet Union” needs “former” before
“Soviet.” Nevertheless, the fact that contributions
from so many peoples are included is a real
strength of the book.
Sometimes the effort to dramatize the contributions of diverse mathematicians pulls the focus
away from the mathematics. For example, the
inside front cover of the book poses the question, “Why was the first woman mathematician
murdered?” Virtually the entire article on Hypatia
of Alexandria focuses on the circumstances of her
death, in rather gruesome detail, rather than her
life or mathematical work; the latter receives only
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a scant three sentences. Even worse, from a mathematics history standpoint, this article asserts as
fact many speculative details about Hypatia, such
as those from a fictionalized account of her life
and work [4]. The article also explicitly mentions
Hypatia’s attractiveness even though there is no
historical evidence indicating what she looked like
[2]. For example, she might have resembled Egyptian women of the day rather than the blond-haired,
nude image of Hypatia that was imagined by a
nineteenth-century artist and that accompanies
the article. The author’s treatment of other female
mathematicians seems more consistent with the
author’s presentations of male mathematicians,
where he provides some interesting historical and
personal details but focuses on their mathematical
contributions. At times the exposition is a bit
sensationalist and exploitive, as in the use of the
word “sinister” when describing the quipu as an
Inca death calculator, but, overall, the writing,
like in Pickover’s other books, is creative and
engaging and connects mathematics to society,
human thought, and applications.
The book successfully highlights many topics
that would be of interest to a general audience. It
makes for great recreational reading for students of
science and mathematics and interested laypeople.
It can serve as a starting point for those who want
to learn more, as further readings are included in
the notes at the end of the book. Although certain
topics like puzzles and geometric spaces are
overrepresented, the book successfully showcases
the beauty, utility, and breadth of mathematics. If
you are seeking a scholarly work on the history of
mathematics, look elsewhere. However, if instead
you want a handsome, lively, and entertaining
book, we highly recommend this one.
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possessions, or Canada or Mexico, is eligible to be considered for this prize.
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James Eells was born in Cleveland, Ohio, in 1926
and passed away in Cambridge, England, in February 2007. He earned his PhD from Harvard
University under the guidance of the topologist
and analyst Hassler Whitney in 1954. He worked
at the Institute for Advanced Study in Princeton
and at the University of California in Berkeley
from 1956–1958. He then returned to the East
Coast where he accepted a position at Columbia
University (1958–1964). He also taught at Churchill
College, Cambridge, and Cornell University. Later,
attracted by the atmosphere and potential at the
University of Warwick, he joined the mathematics
department there and became a professor of global
analysis and geometry in 1969. Eells organized
year-long highly successful Warwick symposia,
namely, “Global Analysis” (1971–1972) and “Geometry of the Laplace Operator” (1976–1977). He
was the first director of the Mathematical Section
of the International Centre for Theoretical Physics
in Trieste from 1986 to 1992. As a prominent
professor and an inventive mathematician, Eells’s
mathematical influence in the field of harmonic
Professor J. Eells (1926–2007).
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asking Joe the question, ‘What is the goal and objective of your life?’ Joe replied, ‘Life is hostile, not
evil. Finance is very important, but mathematics is
most important to me.’ Then I asked, ‘Would you
like to be my PhD advisor?’ Joe then asked, ‘Do
you really want to study harmonic maps?’ ‘Yes!’
I replied. Then we started a long journey which
became an ordeal and Joe made me upset several
times. He was bombastic. At first he wanted me
to generalize (1) value distribution theory (VDT)
for holomorphic maps of Riemann surfaces into
harmonic maps and (2) VDT for harmonic maps of
complex manifolds. Unfortunately, after approximately two years studying S. S. Chern’s articles and
investigating other related papers, I realized that
such generalizations would not work. Essentially I
was able to show Joe that such a generalization had
an obstruction since the pull-back f ∗ commutes
with ∂ and ∂¯ for a holomorphic map, but not for
a harmonic map. I remember that his face turned
gray suddenly, and he said, ‘Mathematics is difficult.’ Then we investigated another topic, which
did not work well either. Finally, he suggested ‘Harmonic maps of V-manifolds’ for me, and we both
experienced a happy ending. I was so fortunate to
be Joe’s only PhD student to study harmonic maps
with him directly (his other student, E.-B. Lin, went
to MIT to study geometric quantization and came
back for defense). I was very pleased to learn the
beautiful tensor techniques from Joe through Eisenhart’s book. I admired his penetrating insight and
impeccable taste which characterized the precious
guidance that he provided over those years.”
For more than four
decades, Eells and Sampson were very good
friends;
both
were
outstanding mathematicians, brilliant teachers,
and great experts in
analysis, geometry, and
topology. Sampson invited Eells to speak on
harmonic maps at a
mathematics department
colloquium at Johns Hopkins around 1985. The
joint paper of Chiang and
Ratto [5], published in
the Bulletin of the French
Mathematical Society in
1992, was dedicated to
Eells and Sampson. On
July 20, 1992, Chiang Professor J. H. Sampson
received a letter from (1926–2003).
Eells: Dear Dr. Chiang,
I have just received my copy of Bull. SMF 120
and was most surprised and pleased to read a
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maps became internationally recognized and widespread. According to the Mathematics Genealogy
Project, he advised thirty-eight PhDs, who, in turn,
produced 198 descendants. One of Eells’s PhDs
students was Andrea Ratto, who describes his
experience as follows:
“When I first met Jim at Warwick in 1985,
he gave me a copy of his survey article [9] (with
L. Lemaire). He told me, ‘We look for a candidate for
the best map in a given homotopy class.’ This is a
fascinating problem, because it combines calculus
of variations, differential equations, Riemannian
geometry and topology. A special instance concerns
the case of mappings between spheres, and Jim
was intrigued by this topic, because in this context
solutions are unstable and more difficult to obtain
and thus less likely to be understandable. A few
weeks after our first meeting, Jim told me that,
in his opinion, the right topic for my research
activity could be the development of the beautiful
existence theory of R. T. Smith for equivariant
harmonic maps of spheres. That was the beginning
of my adventure in mathematics, and all that
sprang from our conversations always remains, in
my mind, tightly tied to the extraordinary charisma
and exquisite mathematical taste of J. Eells.”
James Eells retired from the University of
Warwick in 1992. Then he moved to Cambridge
and continued to work on harmonic maps for the
remainder of his life.
Joseph H. Sampson was born in Philadelphia in
1926 and passed away in the South of France in
July 2003. He earned his PhD from Princeton University under Salomon Bochner in 1951 (we often
utilize Bochner’s techniques in harmonic maps).
Sampson then worked as a Moore Instructor at MIT.
He was appointed as visiting assistant professor at
the Johns Hopkins University in 1955 and then as
assistant professor and was promoted to associate
professor in 1963. He finally became full professor
in 1965. He was an editor of the American Journal
of Mathematics from 1978 to 1992 and the chair
of the mathematics department at Johns Hopkins
from 1969 to 1979. Sampson retired from Johns
Hopkins in 1990. He was Yuan-Jen Chiang’s advisor at Johns Hopkins, where she earned her PhD
in 1989. For insights into her interactions with
Sampson, Chiang provides the following:
“In 1982, when I first met Joe, I had only a Bachelor of Science degree. The requirements for a PhD
included passing three oral examinations (each
with two professors). For my three exams I chose
real analysis, differential geometry, and algebraic
topology. When I took Differential Geometry, Joe
and I had arguments, which caused me to literally cry. Later, however, I recalled the questions
and then realized that he was exceptionally brilliant. In 1984, and even to this day, I remember
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dedication by you and our excellent friend Andrea.
What a nice idea! Thank you very much, and all
my best. Yours cordially, James Eells. That was the
style of Jim: genuine, simple, and direct.
The theory of harmonic maps between Riemannian manifolds was first established by Eells and
Sampson [14]. However, the notion of harmonic
map was introduced by Sampson in the hope of obtaining a homotopy version of the highly successful
Hodge theory for cohomology in 1952. Not long
after that, his then colleague John Nash (one of the
three Nobel laureates in economics in 1994) proposed a quite different but equivalent definition—
both of them were Moore Instructors at MIT at
that time. Fuller [15] also came upon harmonic
maps in 1954. Later, when both were working at
the Institute for Advanced Study at Princeton, Eells
and Sampson wrote their famous and outstanding
paper “Harmonic mappings of Riemannian manifolds” [14]. This article is considered as the pioneering work in the theory of harmonic maps and
has provided the seeds for many further developments. As Eells pointed out in the preface of [7],
“Harmonic maps pervade differential geometry and
mathematical physics: they include geodesics, minimal surfaces, harmonic functions, abelian integrals,
Riemannian fibrations with minimal fibres, holomorphic maps between Kähler manifolds, chiral
models, and strings.”
A harmonic map f : (M m , g) → (N n , h) from
an m-dimensional Riemannian manifold into an
n-dimensional Riemannian manifold is defined as
a critical point of the energy functional
Z
1
E(f ) =
|df |2 dv,
2 M
where dv is the volume form of M determined by
the metric g. The Euler-Lagrange equation associated with the energy functional is
(1)

τ(f ) = tr aceg (∇df ) = 0 ,

where ∇df is the second fundamental form of the
map and the left member of (1) is called the tension
field of f . Equation (1) is a second-order semilinear
system of partial differential equations: these analytical features can be deduced by the expression
of (1) in local charts, i.e.,
g ij (fijα −

M k α
Γij fk

+

β γ
N α
Γ βγ fi fj )

= 0,

where the sum over repeated indices is underα
stood and M Γijk and N Γ βγ denote the Christoffel
symbols of the Levi-Civita connections on M and
N, respectively.
In simple terms, the main idea of Eells and Sampson can be described as follows. Suppose that f0
wraps (in a given homotopy class) a rubber (M) into
a marble (N). If we deform f0 (the initial condition)
by using heat, then its energy decreases and we
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expect that the system evolves towards a configuration of minimum energy (i.e., a harmonic map).
Note that this is the first example of a significant
application of a nonlinear heat flow, where the nonlinearity has a strong geometrical meaning because
it depends on the curvature of N. The novelty of
this approach is that its success is strictly related
to the curvature itself (and so, to the topology) of
the target manifold N. In this sense, it is important
to say that Eells-Sampson’s Theorem was the first
instance where curvature played a basic role in
analysis, a fact which was a crucial milestone for
global analysis. More specifically, Eells and Sampson [14] were able to prove the following assertion:
Let N have nonpositive Riemannian curvature and
let f : M → N be a continuously differentiable map.
Let ft be the solution of the heat equation associ∂f
ated to (1); i.e., τ(ft ) = ∂t , which reduces to f at
t = 0. If ft is bounded as t → ∞, then f is homotopic
to a harmonic map f 0 for which E(f 0 ) ≤ E(f ). In
particular, if N is compact, then every continuous
map M → N is homotopic to a harmonic map.
In order to study geometric and topological
problems, Hamilton introduced the Ricci flow with
the aim of attacking the Thurston geometrization
conjecture and the Poincaré conjecture. At the
2006 International Congress of Mathematicians
in Madrid, he said that his initial inspiration came
in the late 1960s, when he attended the seminars
of Eells and Sampson on harmonic maps, who first
suggested that one might be able to utilize evolution equations to study the Poincaré conjecture.
Later, Hamilton used the idea of evolution equations and developed the theory of the Ricci flow,
which laid the foundation for G. Perelman’s work
for solving both the Poincaré and the Thurston
conjectures.
Shortly after the publication of [14], the explosion of interest in harmonic maps started (unless
otherwise indicated, detailed bibliographical references for all the works that we mention can be
found in [1], [9], and [10]: Hartman showed that
if f : M → N is harmonic with M compact and
RiemN ≤ 0 at every point of f (M) and there is a
point of f (M) at which RiemN < 0, then f is unique
in its homotopy class. The previous results of Eells
and Sampson were extended to harmonic maps
between manifolds with boundary by Hamilton.
The curvature condition RiemN ≤ 0 was modified
by Sacks and Uhlenbeck as follows: if m = 2 and
π2 (N) = 0, then given a map f0 : M → N there is
a harmonic map f homotopic to f0 . The condition
RiemN ≤ 0 can also be replaced by the condition
that the image of f0 (and hence of f ) supports a uniformly strictly convex function (by Jost). Moreover,
Schoen and Uhlenbeck proved a partial regularity theorem which asserts that a bounded energy
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minimizing map f : M → N between two Riemannian manifolds is regular (in the interior) except for
a closed singular set S of Hausdorff dimension
at most (m − 3). In the meantime, Giaquinta and
Giusti and also Hildebrandt-Kaul-Widman proved a
partial regularity theorem in the case that f (M) is
contained in a single chart of N. In the 1970s and
1980s, utilizing the ideas and methods of complex
and algebraic geometries, Eells and Wood, Chern
and Wolfson, Burstall and Wood, Eells and Salamon,
etc., constructed and characterized harmonic maps
from Riemann surfaces into projective spaces or
complex Grassmannians. All these important developments were made easy to access, thanks to
the precious surveys of Eells and Lemaire ([9], [10],
and [11]). In the 1980s, Siu and Sampson [19], [21],
and [22] made breakthroughs on harmonic maps of
Kähler manifolds. Carlson and Toledo also studied
harmonic maps of Kähler manifolds into locally
symmetric spaces. In 1989, Uhlenbeck explored
harmonic maps into Lie groups and obtained elegant results. Afterwards, two books on harmonic
maps, integrable systems, conservation laws, and
moving frames were published by Hélein [17], etc.
In summary, a multitude of mathematicians, with
profoundly different backgrounds, turned their
research interest to harmonic maps.
Harmonic maps are intimately connected with
the classical study of minimal and constant mean
curvature submanifolds: that is not simply because
a Riemannian immersion is minimal (i.e., a critical point of the volume functional) if and only if
it is harmonic, but also because of the common
methods in analysis. In this spirit, Eells and Ratto
collaborated on a book [12] (published by Princeton University Press) about harmonic maps and
minimal immersions such that the presence of suitable symmetries (due to invariance with respect
to suitable group actions or isoparametric functions) reduces the analytical problem to the study
of a nonlinear ODE system. Writing this monograph was an amazing experience for Ratto since
he could really enjoy a deep and daily interaction
with Jim. In particular, he could share Jim’s view
about the value of simple, key starting ideas and
examples and, in a sort of ideally complementary
vision, about the fact that all branches of mathematics (and the sciences) are just one thing. Jim
could imagine, in the future, mathematical methods providing increasing support for all the other
scientific disciplines, and that was a strong motivation for his research and for the enthusiastic
guidance with which he encouraged and motivated
his great number of students and collaborators. In
that period, we also had the opportunity to work
together on some extensions of the equivariant theory of spheres to the case of Euclidean ellipsoids
[13]: Jim made me proud by telling me that he was
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extremely happy with our construction of a significant family of harmonic morphisms from suitable
3-dimensional ellipsoids to S 2 . He considered these
among the geometrically more interesting examples within the theory of harmonic morphisms, a
field which now, thanks to the work of world-class
mathematicians such as Wood and Baird (both former PhD students of Jim at Warwick), has attracted
the interest of a very ample new generation of
mathematicians (see [2] and references therein).
The notion of a harmonic map interestingly
extends to the cases that manifolds are not
smooth, but singular spaces. In this direction,
Chiang studied “Harmonic maps of V-manifolds”
[4] in 1990. The main difficulties arise from the
complicated behavior near the singular locus of
V-manifolds. Therefore, a new method is required
to study spectral geometry of V-manifolds by
applying the techniques in Baily’s paper and
Sampson’s book manuscripts [20]. Then we use
triangulations and simplices to deal with harmonic
maps of V-manifolds. Afterwards, Chiang and
Ratto [5] studied harmonic maps of spaces with
conical singularities from a different approach
in 1992 since their structures are different from
those of V-manifolds. In the meantime, Gromov
and Schoen [16] also investigated harmonic maps
into singular spaces and p-adic superrigidity for
lattices into groups of rank one. All these works
motivated Eells’s final monograph, Harmonic Maps
between Riemannian Polyhedra [8], coauthored
with Fuglede, on harmonic theory with singular
domains and targets, which was published in
2001.
Wave maps are harmonic maps on Minkowski
spaces and have been studied since the late 1980s.
In this quarter, there have been many new developments achieved by a number of well-known
mathematicians. Yang-Mills fields (cf. Donaldson
[6]) are the critical points of the Yang-Mills functionals of connections whose curvature tensors are
harmonic. They were first explored by a few physicists in the 1950s, and since then there have been
many striking developments in this topic. Chiang’s
recent book Developments of harmonic maps, wave
maps and Yang-Mills fields into biharmonic maps,
biwave maps and bi-Yang-Mills fields [3] was published by Birkhäuser-Springer in 2013. Due to her
feelings and personal experience, it has been an
honor to conceive this book in the memory of Professors Eells and Sampson as follows: The names
of these two pioneers of the theory of harmonic
maps will be engraved in the minds of all mathematicians who work on harmonic maps, wave maps
and Yang-Mills fields, for their great and everlasting contributions. Chiang met 2010 Fields Medalist
C. Villani (director of the Institut Henri Poincaré
in Paris) at the Second Pacific Rim Mathematics
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Association Congress in Shanghai, China, in June
2013. He delivered a great and very impressive
opening address, and he was one of six advisory
editorial board members of her book. The citation
for Villani’s Fields Medal was “For his proofs of
nonlinear Landau damping and convergence to
equilibrium for the Boltzmann equation.” Chiang
also presented “Some properties of biwave Maps”
at ICM 2010 in Hyderabad, India.
In the 1990s (see [3] for detailed references),
Klainerman and Machedon and Klainerman and
Selberg investigated the general Cauchy problem
for wave maps, in any dimension greater than or
equal to two, and obtained the almost optimal
local well-posedness for regular data. In the difficult case of dimension two, Christodoulou and
Tahvildar-Zadeh studied the regularity of spherically symmetric wave maps by imposing a convexity condition for the target manifold. Shatah and
Tahvildar-Zadeh also studied the optimal regularity of equivariant wave maps into 2-dimensional
rotationally symmetric and geodesically convex
Riemannian manifolds. The study of the general
wave maps problem incorporated methods that
exploited the null-form structure of the wave map
system, as in the work of Grillakis, as well as the
geometric structure of the equations as done by
Struwe. Keel and Tao studied the 1-(spatial) dimensional case. Tataru, following Tao, has used new
techniques which allow one to treat the Cauchy
problem with critical data. Their methods rely on
harmonic analysis, such as adapted frequency and
gauge-theoretic geometric techniques. Tao established the global regularity for wave maps from
R × R m into the sphere S n for high (I) and low (II) dimensions m. Similar results were obtained by Klainerman and Rodnianski for target manifolds that
admit a bounded parallelizable structure. Nahmod,
Stefanov, and Uhlenbeck studied the Cauchy problem for wave maps from R × R m into a (compact)
Lie group (or Riemannian symmetric spaces) when
m ≥ 4 and established global existence and uniqueness, provided the Cauchy initial data are small
in the critical norm. Shatah and Struwe obtained
similar results simultaneously, also in the case that
the target is any complete Riemannian manifold
with bounded curvature. Recently, Kenig, Merle,
and Duyckaerts investigated global well-posedness,
scattering, and finite time blow-up. Furthermore,
it is incredible that Tao wrote a book review [23]
in the Bulletin of the AMS in October 2013, and he
listed his five preprints about global regularity of
wave maps III, IV, V, VI, and VII.
Other variant topics of harmonic maps are the
objects of significant present research: for instance,
biharmonic maps were first studied by Jiang [18]
in 1986. Also, biwave maps (i.e., biharmonic maps
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on Minkowski spaces), bi-Yang-Mills fields, exponentially harmonic maps, exponential wave maps,
and exponential Yang-Mills connections are topics
of growing interests, (see [3]). Teichmüller theory,
minimal surfaces, loop groups, integrable systems,
etc., are among them as well.
Professors Eells and Sampson are gone, and the
exemplars are in the past. As Jim pointed out that
all branches of mathematics (and the sciences) are
just one thing, he could have imagined that mathematical methods would provide increasing support
for all the other scientific disciplines in the future.
To commemorate the fiftieth anniversary of the
Eells-Sampson pioneering work in harmonic maps
in 2014, we sincerely hope that our generation of
mathematicians will light the torch and carry on
the Eells-Sampson legacy and spirit to the next generation of young mathematicians and scientists. It
is not easy to predict now which developments,
among those that we cited in this article, will be
more fruitful in the future. But, for sure, we can
say that the study of nonlinear evolution equations will continue to be a fundamental tool for
the understanding of the central open problems in
geometric analysis, partial differential equations,
topology, and mathematical physics.
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AMS EXEMPLARY PROGRAM AWARD
The AMS Award for Exemplary Program or
Achievement in a Mathematics Department is
presented annually to a department that has
distinguished itself by undertaking an unusual
or particularly effective program of value to the
mathematics community, internally or in relation
to the rest of the society. Examples might include
a department that runs a notable minority
outreach program, a department that has
instituted an unusually effective industrial
mathematics internship program, a department
that has promoted mathematics so successfully
that a large fraction of its university’s
undergraduate population majors in mathematics, or a department that has made some form of
innovation in its research support to faculty and/
or graduate students, or which has created a
special and innovative environment for some
aspect of mathematics research.

The award amount is $5,000. All
departments in North America that
offer at least a bachelor’s degree in
the mathematical sciences are eligible.
The Award Selection Committee requests nominations for this award, which will be announced in Spring 2016. Letters of nomination may be submitted by one or more individuals. Nomination of the writer’s own institution is permitted. The letter
should describe the specific program(s) for which the department is being nominated as well as the
achievements that make the program(s) an outstanding success, and may include any ancillary documents which support the success of the program(s). The letter should not exceed two pages, with
supporting documentation not to exceed an additional three pages.
Nominations with supporting information should be submitted to
www.ams.org/profession/prizes-awards/nominations. Those who prefer to submit by regular
mail may send nominations to the AMS Secretary, Professor Carla D. Savage, North Carolina State
University, Department of Computer Science, Campus Box 8206, Raleigh, NC 27695-8206. The
nominations will be forwarded by the Secretary to the Prize Selection Committee.

Deadline for nominations is September 15, 2015.

The Morgan Prize
for Outstanding Research
by an Undergraduate
Turns Twenty

The twentieth AMS-MAA-SIAM Frank and Brennie Morgan Prize for Outstanding Research in
Mathematics by an Undergraduate Student was
awarded at the Joint Mathematics Meetings in
San Antonio in January 2015 to Harvard graduate
Levent Alpoge. In the previous six months Morgan
Prize winner Manjul Bhargava received the Fields
Medal, and Morgan Prize winner Jacob Lurie won
one of the inaugural US$3,000,000 Breakthrough
in Mathematics Prizes and a MacArthur (“genius”)
Grant. In view of the awards to Bhargava and Lurie,
a brief overview of the career paths of the twenty
Morgan Prize winners is of interest.
1995: Kannan Soundararajan is professor and
director of the Mathematics Research Center at
Stanford. He obtained a bachelor’s degree at
Michigan and a PhD at Princeton in 1998 under
Peter Sarnak. His honors include an American
Institute of Mathematics Five-Year Post Doctoral
Fellowship, the 2003 Salem Prize, the 2005 SASTRA
Ramanujan Prize, the 2011 Infosys Prize, and an
invited address at the 2010 International Congress
of Mathematicians.
Joseph A. Gallian is professor of mathematics at the University of Minnesota Duluth. His email address is jgallian@
d.umn.edu.
DOI: http://dx.doi.org/10.1090/noti1224
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1996: Manjul Bhargava is the R. Brandon Fradd Professor of Mathematics
at Princeton University and the Stieltjes Professor of Number Theory at
Leiden University. He earned a bachelor’s degree from Harvard and a PhD
degree from Princeton in 2001 under
Andrew Wiles. Among his awards are
a Clay Mathematics Institute Five-Year
Long-Term Prize Fellowship, a Clay
Research Award in 2005, the 2005
SASTRA Ramanujan Prize, the 2008 Manjul Bhargava
AMS Cole Prize in number theory, the
2011 Fermat Prize, the 2012 Infosys Prize, and a
Fields Medal in 2014.

Photo by David Kelly Crow for the
Princeton Office of Communications.

Joseph A. Gallian

19981: Jade Vinson has been at Renaissance Technologies since 2006, where he develops automated
trading of financial instruments using mathematical and statistical methods and risk management.
He obtained a bachelor’s degree at Washington
University and a PhD at Princeton in 2001 under
Peter Sarnak. He held positions at the Whitehead
Institute in 2001–2004 and at the Broad Institute in 2004–2006. Vinson is a member of the
1

For the first two prizes the designated year of the prize was
the year the nomination was due. Starting in 1998 the designated year was the year the prize was given. So there was
no gap in 1997.
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Photo courtesy of John D. & Catherine T.
MacArthur Foundation.
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Board of Trustees of the Museum of Mathematics
in New York and has published papers in combinatorics, discrete geometry, complex analysis,
measure theory, number theory, potential theory,
and genomics.
1998: Daniel Biss is a member of the Illinois Senate.
He received a bachelor’s degree from Harvard and
a PhD from MIT in 2002 under Michael Hopkins. He
was a Clay Five-Year Long-Term Research Fellow,
a visiting scholar at the Institute for Advanced
Study, and an assistant professor at the University
of Chicago. He served in the Illinois House of
Representatives from 2011 to 2013 and received
66 percent of the vote in the 2012 Illinois election
for the senate.
2000: Sean McLaughlin is a software engineer at
Engineers Gate LLP in Brooklyn, New York. He
received a bachelor’s degree from the University
of Michigan and a master’s degree in computer
science from Carnegie Mellon University. He has
held positions at Jane Street Capital and Google.
McLaughlin has published five papers in the areas
of discrete geometry, computer science, and logic.
2001: Jacob Lurie is a professor at
Harvard. He received a bachelor’s
degree from Harvard and a PhD
from MIT in 2004 under the supervision of Michael Hopkins. He held a
postdoctoral fellowship at Harvard
from 2004 to 2007, was associate
professor at MIT in 2007–2009, and
became a professor at Harvard in
2009. Lurie was one of the inaugural winners of the US$3,000,000
Breakthrough Prize in Mathematics
in 2014 and received a MacArthur
“Genius Grant” Fellowship in 2014.
Jacob Lurie Much of his research appears in two
major treatises: Higher Topos Theory and Higher
Algebra.
2002: Ciprian Manolescu is a professor at UCLA.
He received a bachelor’s degree from Harvard
and a PhD from Harvard in 2004, supervised by
Peter Kronheimer. He has been a Clay Research
Fellow, a postdoctoral fellow at Princeton, and an
assistant professor at Columbia before moving
to UCLA in 2008. He received the European
Mathematical Society Prize in 2012 and the Robert
Sorgenfrey Distinguished Teaching Award at UCLA
in 2011. Manolescu has published papers in Annals
of Mathematics, Duke Mathematical Journal, and
Mathematische Annalen.
2003: Joshua Greene is an assistant professor at
Boston College. He received a bachelor’s degree
from Harvey Mudd and a PhD from Princeton in
2009 under Zoltán Szabó. He has held an NSF
Graduate Research Fellowship and an Alfred P.

Sloan Foundation Research Fellowship. He was
an NSF Postdoctoral Research Fellow at Columbia
University from 2009–2011 and has published
papers in Annals of Mathematics, the American
Journal of Mathematics, Inventiones Mathematicae,
Advances in Mathematics, and the Bulletin of the
London Mathematical Society.
2004: Melanie Wood is an assistant professor at
the University of Wisconsin-Madison. She received
a bachelor’s degree from Duke and a PhD from
Princeton in 2009 under Manjul Bhargava. She
has received a Gates Cambridge Scholarship, a
Fulbright fellowship, an NSF graduate fellowship,
and an American Institute of Mathematics FiveYear Fellowship. Wood was a Szegő Assistant
Professor at Stanford from 2009–2011. She has
given invited addresses at the MathFest of the
Mathematical Association of America and at the
Joint Mathematics Meetings; she also gave a Pi
Mu Epsilon J. Sutherland Frame lecture. Wood has
published over fifteen papers in number theory.
2005: Reid Barton is a PhD candidate at Harvard.
He received a bachelor’s degree from MIT. He is
a consultant for Dropbox and was employed at
Ksplice.
2006: Jacob Fox is a professor at Stanford. He
received a bachelor’s degree from MIT and a PhD
from Princeton in 2010 under Benny Sudakov. His
work is supported by a Packard Fellowship, an
NSF CAREER award, an Alfred P. Sloan Research
Fellowship. He was previously supported by a
Simons Foundation Fellowship and an MIT NEC
Corporation grant. He received the SIAM Discrete
Mathematics Dénes König Prize in 2010 and an
Edmund F. Kelly Research Award from MIT in 2012.
Fox has over sixty-five publications with thirtyseven coauthors in journals such as Annals of
Mathematics, Journal of the American Mathematical Society, SIAM Journal of Discrete Mathematics,
Advances in Mathematics and Duke Mathematical
Journal. He has given over eighty-five invited talks,
among them was one at the 2014 International
Congress of Mathematicians.
2007: Daniel Kane is an assistant professor with
a joint appointment in mathematics and computer
science at UC San Diego. He obtained a bachelor’s
degree from MIT and a PhD from Harvard in
2011 under Barry Mazur, Benedict Gross, and
Henry Cohn. He was an NSF Postdoctoral Fellow
at Stanford from 2011–2014. Kane has published
over fifty papers with forty-seven coauthors in
mathematics and computer science.
2008: Nathan Kaplan is a Gibbs Assistant Professor
at Yale. He received a bachelor’s degree from
Princeton and a PhD from Harvard in 2013 under
Noam Elkies. Kaplan has published twelve articles
on number theory, semigroups, and monoids. He
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has appeared on the television game shows “Who
Wants to Be a Millionaire” and “Million Second
Quiz.”
2009: Aaron Pixton holds a postdoctoral position
at Harvard supported by a Clay Mathematics
Institute Five-Year Long-Term Prize Fellowship.
He received a bachelor’s degree from Princeton
and a PhD from Princeton in 2013 under Rahul
Pandharipande. Pixton has published ten papers
in algebraic geometry and number theory.
2010: Scott Kominers is a Junior Fellow at the
Harvard Society of Fellows, a research scientist at
the Harvard Program for Evolutionary Dynamics,
and an associate of the Harvard Center for Research
on Computation and Society. He has a bachelor’s
degree from Harvard and received a PhD in business
economics from Harvard in 2011. From 2011 until
2013, he was the inaugural Research Scholar at
the Becker Friedman Institute for Research in
Economics at the University of Chicago. Kominers
has published twenty-five papers in areas such as
number theory, game theory, economics, social
and behavioral sciences, and discrete geometry.
2011: Maria Monks is a PhD candidate and Hertz
Foundation Fellow at UC Berkeley specializing in
algebraic combinatorics. She received a bachelor’s
degree from MIT and has published six papers in
the areas of discrete mathematics, combinatorics,
and number theory.
2012: John Pardon is a PhD candidate at Stanford.
He has eight publications in the areas of manifolds and cell complexes, probability theory, and
algebraic geometry. His papers have appeared in
journals such as Annals of Mathematics, Annals
of Probability, and the Journal of the American
Mathematical Society.
2013: Fan Wei is a PhD candidate at Harvard. She
received a bachelor’s degree from MIT and has
worked at Microsoft and GE Energy. Wei has three
publications in combinatorics.
2014: Eric Larson is a PhD candidate and Hertz
Foundation Fellow at MIT. He received a bachelor’s
degree from Harvard and has published six papers
in the areas of algebraic geometry and number
theory.
2015: Levent Alpoge is a Churchill Scholar at the
University of Cambridge. He received a bachelor’s
degree from Harvard and will attend graduate
school at Princeton in 2015. Alpoge has published
six papers in number theory and combinatorics.
Harvard has had eight Morgan Prize winners,
followed by MIT with four and Princeton with three.
For graduate schools chosen by the Morgan Prize
recipients, Princeton leads with eight, followed by
Harvard with six and MIT with three.
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CAREERS at the NATIONAL SECURITY AGENCY

EXTRAORDINARY
WORK
Inside our walls you’ll find the most
extraordinary people doing the most
extraordinary work. It’s not just finite
field theory, discrete mathematics,
algorithm analysis, or the opportunity to
work for the country’s largest employer
of mathematicians.
It’s all of these and more – rolled up
into an organization that’s dedicated to
an extraordinary cause – the safety and
security of the United States of America.
U.S. citizenship is required. NSA is an Equal Opportunity Employer. All applicants
for employment are considered without regard to race, color, religion, sex, national
origin, age, marital status, disability, sexual orientation, or status as a parent.
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CALL FOR NOMINATIONS

AMERICAN MATHEMATICAL SOCIETY

T

he selection committees for these prizes request nominations for consid-

eration for the 2016 awards, which will be presented at the Joint Mathematics
Meetings in Seattle, WA in January 2016. Information about past recepients of
these prizes may be found in the November 2013 issue of the Notices, pp. 13641386 and at www.ams.org/prizes-awards.

DISTINGUISHED PUBLIC SERVICE AWARD
This award, which is made every two years, recognizes a research mathematician who has made a distinguished contribution to the mathematics
profession during the preceding five years.

E. H. MOORE RESEARCH ARTICLE PRIZE
Among other activities, E. H. Moore founded the Chicago branch of the
AMS, served as the Society’s sixth president (1901–1902), delivered the
Colloquium Lectures in 1906 and founded and nurtured the Transactions
of the AMS. This prize, presented every three years, was established in
2002 to honor his extensive contributions to the discipline and to the
Society. It is awarded for an outstanding research article published in one
of the AMS primary research journals (namely, the Journal of the AMS,
Proceedings of the AMS, Transactions of the AMS, Memoirs of the AMS,
Mathematics of Computation, Electronic Journal of Conformal Geometry
and Dynamics, and the Electronic Journal of Representation Theory)
during the calendar years 2004–2009.

LEVI L. CONANT PRIZE
The Levi L. Conant Prize, first awarded in January 2001, is presented
annually for an outstanding expository paper published in either the
Notices or the Bulletin of the American Mathematical Society during the
preceding five years.

AMERICAN MATHEMATICAL SOCIETY

EACH OF THE PRIZES BELOW IS AWARDED
EVERY THREE YEARS.

DAVID P. ROBBINS PRIZE
This prize was established in 2005 in memory of David P. Robbins by members of his family.
Robbins was a long-time member of the Institute for Defense Analysis Center for Communications
Research and a prolific mathematician whose work (much of it classified) was in discrete mathematics. The prize is for a paper with the following characteristics: it shall report on novel research
in algebra, combinatorics or discrete mathematics and shall have a significant experimental
component; it shall be on a topic which is broadly accessible and shall provide both a clear statement of the problem and clear exposition of the work. The nomination should include a complete
bibliographic citation for that work, supplemented with brief remarks explaining what aspects
make it particularly suited for this prize.

OSWALD VEBLEN PRIZE IN GEOMETRY
The Oswald Veblen Prize in Geometry, which was established in 1961 in honor of Professor
Veblen, is awarded in recognition of a notable research memoir in geometry or topology
published in the preceding six years. To be considered, either the nominee should be a member
of the Society or the memoir should have been published in a North American journal.

NORBERT WIENER PRIZE IN APPLIED MATHEMATICS
The Norbert Wiener Prize was established in 1967 in honor of Professor Wiener and was endowed
by a fund from the Department of Mathematics of the Massachusetts Institute of Technology. The
prize is awarded for an outstanding contribution to applied mathematics in the highest and
broadest sense and is made jointly by the American Mathematical Society and the Society for
Industrial and Applied Mathematics. The recipient must be a member of one of these societies.

Nomination with supporting information should be submitted to http://www.ams.org/ profession/prizes-awards/nominations.
Include a short description of the work that is the basis of the nomination, including complete bibliographic citations when
appropriate. A brief curriculum vitae should be included for the nominee. Those who prefer to submit by regular mail may send
nominations to AMS Secretary, Carla Savage, Computer Science Department, North Carolina State University, Raleigh, NC 276958206. Those nominations will be forwarded by the secretary to the relevant prize selection committees.

Deadline for nominations is June 30, 2015.

Mathematicians Discuss the
Snowden Revelations
This is the latest installment in the Notices discussion of the National Security Agency (NSA).
The previous installment, “The Mathematics
Community and the NSA,” by Michael Wertheimer,
appeared in the February 2015 issue and includes a
list of all previous articles in the discussion.
Unsolicited submissions on this topic are welcome. Inquiries and submissions may be sent to
notices-snowden@ams.org. Submissions of 400
words or fewer can be considered as Letters to the
Editor and should be sent to notices-letters@
ams.org.
—Allyn Jackson
Notices Deputy Editor
axj@ams.org

NSA’s Conflict between Offense and
Defense

Cryptographic
Standards, Mass
Surveillance, and the
NSA
Bart Preneel
The Notices has hosted a lively debate on the role
of mathematics in mass surveillance systems
deployed by the National Security Agency (NSA).
Similar debates have been held in the cryptology,
security, and privacy communities. However, in
most countries, the public debate and political
implications of the Snowden documents have
been very limited, despite the continuous stream
of revelations.
Bart Preneel is a professor at the Katholieke Universiteit
Leuven and heads the Computer Security and Industrial
Cryptography research group that is a member of the
iMinds Security Department. His email address is bart.
preneel@esat.kuleuven.be.
DOI: http://dx.doi.org/10.1090/noti1237
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I was invited to contribute to the discussion,
partly because of my role as advisor to the National
Institute of Standards and Technology (NIST). In
early 2014, NIST requested from its Visiting Committee on Advanced Technology (VCAT) an assessment of the development of NIST cryptographic
standards and guidelines, including recommendations for improvements. VCAT was assisted by a
committee of technical experts on this matter, and
I served as the only non-US citizen on this committee. The VCAT report can be found at [7]. In this
article I focus on the undermining of cryptographic
standards by NSA and on the broader topic of mass
surveillance and its implications.

of the

An important element in this debate is the dual
role of NSA: it must collect and analyze foreign
communications and foreign signals intelligence,
and it must protect government communications
and information systems. There is an obvious
potential for conflict between the roles. Moreover,
such a conflict typically leads to offense trumping defense: it is much easier to demonstrate
successful interception and decryption of foreign
communications than to demonstrate that the US
government’s systems have not been breached. So
while the defense part of NSA wants cryptographic
standards that are as strong as possible, the offense part launches programs such as BULLRUN,
which, according to internal NSA documents
leaked by Edward Snowden, has as its goal to
“Insert vulnerabilities into commercial encryption
systems, IT systems, networks, and endpoint communications devices used by targets.”
Cryptographic random number generators
generate random bitstrings that are used as cryptographic keys and as unique values in protocols.
Because cryptography protects data through
secret keys, undermining the generation of keys
means jeopardizing the security of the cryptosystem using those keys. In 2006, NIST published
a standard covering four cryptographic random
AMS	
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number generators, including an algorithm based
on elliptic curve cryptography, the Dual_EC_DRBG.
If one knows the relation between the elliptic curve
points used in this algorithm, one possesses a
“trapdoor” that allows one to find the keys to the
cryptosystem. The NSA designed the Dual_EC_
DRBG algorithm, and there is evidence suggesting
that the algorithm does in fact harbor a trapdoor.
The mathematical basis for this evidence was described lucidly in the Notices article by Hales [5].
An open discussion of the possibility of a trapdoor in the Dual_EC_DRBG algorithm took place
at a conference in 2007, but clear evidence of
the potential for a trapdoor appeared already in
2005. For example, the trapdoor is mentioned in
US patent 2007189527 with priority date January
21, 2005 [2]. The NSA should have withdrawn its
support before the algorithm ended up in any
standard. Indeed, in his article in the Notices [9],
Michael Wertheimer, the now-retired director of
Research at the NSA, expresses his regret about
the agency’s failure to drop its support for the
Dual_EC_DRBG algorithm: “With hindsight, NSA
should have ceased supporting the Dual_EC_DRBG
algorithm immediately after security researchers
discovered the potential for a trapdoor.”
Wertheimer notes that Dual_EC_DRBG was only
one of four algorithms in the NIST standard and
asserts that “it is neither required nor the default.”
However, in practice the validation process is slow
and expensive. Hence, for a product designer, it
is risky to implement fewer than four algorithms:
if later a customer requires a missing algorithm,
a new validation process would be needed. Moreover, in 2004, the widely used cryptographic
library BSAFE changed its default algorithm to
Dual_EC_DRBG. Reuters reported in 2013 that this
decision was the result of a secret US$10 million
deal between RSA and the NSA [6].
Wertheimer also argues that one could use
parameter values other than the ones specified in
the standard; the values believed to be trapdoored
were necessary for validation, but not for actual
use. However, this seems to have been only a theoretical possibility. First, alternative parameter
values need to be hard-wired into the source code
or hardware for a cryptosystem, so only the vendor
can generate them, not the user (unless the user
provides the parameters before the certification
process). Second, the procedure for validating
additional parameter values was unclear, so validating alternative parameters would have caused
substantial delays. NIST is not aware of any vendor
who managed to get such values validated.
Previously, the NSA raised doubts about the
feasibility of exploiting the alleged trapdoor
in Dual_EC_DRBG. These doubts were laid to
rest by the work of Checkoway et al. [4], which
shows efficient attacks on the Transport Layer
Security (TLS) protocol. This paper also points
April 2015

out that four proposals were made (including
one explicitly motivated by a request from the
Department of Defense) to modify TLS such that
it would have been substantially easier to exploit
the trapdoor. Fortunately, none of these extensions
were adopted.
One cannot escape the conclusion that the
NSA has indeed tried to subvert cryptographic
standards in order to make it easier to decrypt
intercepted communications. The NSA has understood that the research community considers this a
breach of trust, and it promises more transparency
in its standardization work. In the past the NSA
has not been transparent about the cryptographic
algorithms it has designed for public use (admittedly the number of such algorithms has been limited). The NSA has not provided design rationales,
proof of security against specific attacks, and
cryptanalysis of reduced versions—all of which
are standard requirements for anyone proposing
such algorithms. In view of this track record, the
academic community should apply a high standard
of transparency to the NSA.
Of course I do recognize the legitimate right of
the US government to develop advanced cryptanalytic techniques without publishing them, and I
appreciate that publishing full design documents
and partial attacks might leak some information on
NSA’s cryptanalytic techniques. But the NSA can’t
have its cake and eat it too. If the NSA wants the academic and standards communities to consider its
designs, it has to offer full transparency for them.
While cryptographic algorithms are of natural
interest to mathematicians, I also want to cover the
broader impact of mass surveillance.

The Impact of Mass Surveillance is
Underestimated
The position of the intelligence agencies is that the
current surveillance regime is necessary, proportionate, limited (with strong filtering), and within
the boundaries of the law. On the other hand, the
NSA itself describes a very different “collection
posture” in its internal documents: “Collect it All,”
“Process it All,” “Exploit it All,” “Partner it All,”
“Sniff it All,” and, ultimately, “Know it All.” Devlin
[3] has pointed out that this massive collection is
ineffective, and so far the intelligence community
has failed to produce evidence to the contrary.
Technological developments have certainly
made surveillance a more complex business. But
those same developments have opened up new
opportunities for intelligence agencies. It is now
possible to intercept and store massive quantities
of data that touch every aspect of our personal
lives, and this is routinely done by the private
sector. With the development of personal health
devices and The Internet of Things, ever more
personal data will become available. Through sophisticated analysis, profiles can be derived and
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social networks and behavioral patterns can be
exposed. A frequently debated question is: Which
is the bigger threat to citizens, the private sector
or the intelligence agencies? However, this seems
to be the wrong question. What we have learned
from the Snowden documents is that intelligence
agencies have multiple programs through which
they obtain access to personal data in the hands
of private companies (voluntarily, or through coercion or bribery). As a consequence, it is in the
agencies’ interest that companies collect as much
information as possible. These programs were
secret, so there was no opportunity for a public
debate on the broader risks of this approach. As
governments try to limit excessive data collection
in the private sector, the same conflict of offense
versus defense emerges, but now between different
branches of the government.
Another issue is that of whom the security agencies are permitted to target. Anyone considered to
be a “US person,” which includes citizens as well
as foreigners residing in the US, is protected by
the Fourth Amendment prohibiting unreasonable
searches and seizures. As technology evolves, the
courts need to interpret the Fourth Amendment. A
major concern is the collection of metadata—that
is, information about whom you are calling, which
web sites you are visiting, which device(s) you are
using, and where you are. In spite of claims to the
contrary (“it is only metadata”), metadata is data
and can be extremely sensitive. The collection of
metadata on US persons (such as the collection
of Verizon telephone records, as disclosed by
Snowden in June 2013) is a central point of the
debate in the US.
In 2006, the European Union issued the Data
Retention Directive, which forced telecoms to
collect metadata. The motivation was the fight
against cybercrime, but there is little doubt that
this information has also been used for national
security purposes and is shared with other nations.
In April 2014, the Court of Justice of the European
Union declared the Data Retention Directive invalid, as it violates two rights listed in the Charter
of Fundamental Rights of the EU, namely the fundamental right to respect for private life and the
fundamental right to the protection of personal
data. Interestingly, this charter applies to any person, including US citizens, wherever they reside. By
contrast, the legal view held in the US is that Fourth
Amendment rights do not apply to non-US citizens,
unless they are on US territory. This is a serious
concern, as non-US citizens increasingly depend
on US technology, and their data is stored in cloud
services run by US companies. Human rights are
universal and should not depend on citizenship.
More details on the implications of US exceptionalism can be found in Bowden’s analysis [1].
In the context of the massive surveillance efforts of the NSA, encrypted communications are
402
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considered “a threat.” Consequently, the NSA has
applied every conceivable method to crack encryption, including mathematical cryptanalysis of
cryptographic algorithms and protocols, exploiting
bugs or inserting trapdoors in hardware or software implementations, and obtaining the keys
through security letters or malware against user
devices and routers. Malware will likely exploit new
vulnerabilities (so-called 0-days) that the NSA has
obtained either through research or from vendors.
An article published in Der Spiegel in December
2014 [8] shows that the NSA intended to use these
and other methods to crack ten million TLS connections a day by late 2012; other protocols that
are reported as vulnerable to these techniques are
IPsec (Internet Protocol Security) and SSH (Secure
Shell).
The picture that emerges is worrisome: intelligence agencies go way beyond collecting communications on specific targets based on selectors.
They launch active attacks on networks and end
systems and take de facto control of the Internet.
In order to enable this mode of operation, they
exploit undiscovered vulnerabilities (rather than
making sure those get patched immediately) or
may even insert new vulnerabilities in systems,
with or without cooperation of the vendors. Making the Internet secure without interference by
intelligence agencies is a daunting task. If those
agencies are spending huge budgets to hide or
insert vulnerabilities and to undermine standards
efforts, this task becomes a mission impossible.
Moreover, one can expect that other nations might
start applying the same strategy. These concerns
deepen as our critical infrastructures increasingly
depend on this very same Internet.
Technological developments have given intelligence agencies unprecedented power. This increases the risk of abuses. The largest concerns are
not NSA employees monitoring their love interests
or typing errors in telephone numbers, but the fact
that highly sensitive information is available on
politicians and on active members in civil society,
who are typically at the core of positive changes.
On the international level, there is the risk of interference with foreign governments, manipulation
of electronic elections, and industrial espionage.
Moreover, ubiquitous surveillance transforms
society through mechanisms such as self-censorship and encourages conformity. In history it is
associated with societies that are repressive and
authoritarian.
Developing effective and transparent oversight
mechanisms to control this power is challenging.
The technological developments impose a continuous recalibration of the rules, which requires
a deep understanding of technology. Secret laws
and secret interpretations are clearly not acceptable, but intelligence agencies by nature cannot
be fully transparent. We need broadly accepted
AMS	
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American Mathematical Society
methods that restrict surveillance to the minimum
necessary and that allow independent verification
without compromising sensitive information.
This presents a major challenge to the research
community: social and legal scholars should explore together with mathematicians and computer
scientists how we can reconcile these conflicting
requirements.
The stakes are very high. If we fail, we might—in
the name of fighting terrorism—destroy the freedom and openness that make our societies worth
living in.

AMS on Social Networks
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American Mathematical Society

Blog on Math Blogs
Two mathematicians tour the mathematical blogosphere. Editors Brie Finegold and Evelyn Lamb,
both Ph.D. mathematicians, blog on blogs — on
topics related to mathematics research, applied
mathematics, mathematicians, math in the news,
mathematics education, math and the arts and
more.
blogs.ams.org/blogonmathblogs

PhD + epsilon Blog
An early-career mathematician blogs about her
experiences and challenges. Adriana Salerno,
assistant professor at Bates College and 2007
AMS-AAAS Media Fellow, writes about her
experiences and challenges as an early-career
mathematician. All mathematicians are encouraged to join the community of her followers and
post comments.
blogs.ams.org/phdplus

e-Mentoring Network in
the Mathematical Sciences
Connecting students and mentors. Ricardo
Cortez (Tulane University) and Dagan Karp
(Harvey Mudd College) as well as their invited
contributors engage students and mentors —ask
and answer questions, provide feedback, share
links on meetings, networking and research
opportunities, articles, non-academic career
information, and other helpful resources.
blogs.ams.org/mathmentoringnetwork

Followers may set up an
RSS feed for all of the blogs.

AMS Graduate
Student Blog
A blog for and by math grad students. Tyler Clark
is editor-in-chief and Frank Morgan is publisher.
Contributions, comments, and other involvement are welcome.
blogs.ams.org/mathgradblog

Visual Insight:
Mathematics Made Visible
A place to share striking images that help explain
advanced topics in mathematics. Edited by John
Baez, a professor of mathematics at U.C. Riverside.
blogs.ams.org/visualinsight

On Teaching and
Learning Mathematics
Editors Benjamin Braun and contributing
editors Priscilla Bremser, Art Duval, Elise
Lockwood, and Diana White stimulate reflection and dialogue by providing mathematicians
with high-quality commentary and resources
regarding teaching and learning. Topics include
practical “teaching tips,” commentary on current
mathematics education research, discussions of
social/curricular educational policy, and more.
blogs.ams.org/matheducation

Joint Mathematics
Meetings Blog
This blog is about the scientific program sessions,
events, and other aspects of the annual Joint
Mathematics Meetings of the AMS and MAA.
blogs.ams.org/jmm2015

New!

Applied Mathematics
Titles
from

Active Subspaces: Emerging Ideas for
Dimension Reduction in Parameter Studies

Arc Routing: Problems,
Methods, and Applications
Ángel Corberán and
Gilbert Laporte, Editors

Paul G. Constantine

MOS-SIAM Series on Optimization 20

SIAM Spotlights 2

This thorough and up-to-date
discussion of arc routing by world
renowned researchers is organized
by problem type. It opens with a
historical perspective of the field
and is followed by three sections
that cover complexity and the
Chinese Postman and the Rural
Postman problems; the Capacitated
Arc Routing Problem and routing
problems with min-max and profit
maximization objectives; and
important applications, including
meter reading, snow removal, and
waste collection.

Active subspaces are an emerging set of dimension
reduction tools that identify important directions in the
parameter space. This book describes techniques for
discovering a model’s active subspace and proposes
methods for exploiting the reduced dimension to enable
otherwise infeasible parameter studies. Readers will find
new ideas for dimension reduction and several examples of
active subspaces in action.
2015 • x + 100 pages • Softcover • 978-1-611973-85-3
List $39.00 • SIAM Member $27.30 • SL02

Evaluating Gas Network Capacities

Thorsten Koch, Benjamin Hiller, Marc E. Pfetsch,
and Lars Schewe, Editors
MOS-SIAM Series on Optimization 21

This book provides an introduction to the field of gas
transportation planning and discusses in detail the advantages
and disadvantages of several mathematical models that
address gas transport within the context of the technical and
regulatory framework. It shows how to solve the models using
sophisticated mathematical optimization algorithms.
2014 • xvi + 376 pages • Softcover • 978-1-611973-68-6
List $99.00 • MOS/SIAM Member $69.30 • MO21

Mathematics of Planet Earth:
Mathematicians Reflect on How to
Discover, Organize, and Protect Our Planet

Hans Kaper and Christiane Rousseau
Our planet faces many challenges. In 2013, an international
partnership of more than 140 scientific societies, research
institutes, and organizations focused its attention on these
challenges. This project was called Mathematics of Planet
Earth and featured English- and French-language blogs,
accessible to nonmathematicians, as part of its outreach
activities. The book focuses on four major themes: A Planet
to Discover; A Planet Supporting Life; A Planet Organized by
Humans; and A Planet at Risk.
2015 • Approx. xii + 206 pages • Softcover • 978-1-611973-70-9
List $39.00 • SIAM Member $27.30 • OT140

2014 • xxii + 401 pages • Softcover
978-1-611973-66-2 • List $104.00
MOS/SIAM Member $72.80 • MO20

Computational
Methods in Geophysical
Electromagnetics
Eldad Haber

Mathematics in Industry 01

This monograph provides a
framework for students and
practitioners who are working on
the solution of electromagnetic
imaging in geophysics. It provides
a simple explanation of finite
volume discretization, basic
concepts in solving inverse
problems through optimization,
a summary of applied
electromagnetics methods, and
MATLAB® code for efficient
computation.
2014 • x + 144 pages • Softcover
978-1-611973-79-2 • List $65.00
SIAM Member $45.50 • MN01
All prices are in US dollars.
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Visit the Bookstore regularly
for special monthly sales and
steep discounts.

Search smoothly.
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Fall 2013 Departmental Profile
Report
William Yslas Vélez, James W. Maxwell, and Colleen A. Rose

This report presents a profile of mathematical sciences departments at four-year colleges and universities in the United
States, as of fall 2013. The information presented includes the number of faculty in various categories, undergraduate
and graduate course enrollments, number of bachelor’s and master’s degrees awarded during the preceding year, and
the number of graduate students. A description of the faculty categories used in this report is provided at the end of
this report (page 414).
Data collected earlier from these departments on recruitment, hiring and faculty salaries were presented in the Report
on 2012-2013 Academic Recruitment and Hiring (pages 744–749 of the August 2014 issue of Notices of the AMS ) and
the 2012–2013 Faculty Salaries Report (pages 611–617 of the June/July 2014 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 all departments for fall 2013 is 24,290 with 22,115 of these in all
mathematics departments combined (Math Public, Math Private, Applied Math, Masters, and Bachelors), down slightly
from 22,219 last year. Full-time faculty among the doctoral mathematics departments combined (Math Public, Math
Private, and Applied Math) increased slightly to 8,653 from 8,634 last year. In the mathematics departments combined
we estimate the number of nondoctoral full-time faculty is 3,803, up 3% from last year’s estimate of 3,692, with a
standard error of 105 for our 2013 estimate. The total part-time faculty in all mathematics departments combined is
estimated to be 7,795 (with a standard error of 216), up 13% from 6,907 last year.
Figure F.1: Full-time Faculty
by Department Grouping

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

Figure F.3 Full-time Faculty
Teaching Courses Outside
of the Mathematical Sciences
ůůŽĐƚŽƌĂůDĂƚŚŽŵďŝŶĞĚ͕ϭϰϮ͕ϳй

DĂƚŚWƵď
>ĂƌŐĞ
ϮϭϮϬ͕ϵй

ĂĐŚĞůŽƌƐ
ϴϵϰϱ͕ϯϳй

DĂƚŚWƵď
>ĂƌŐĞ
ϮϬϬϭ͕ϭϬй

DĂƚŚWƵď
DĞĚŝƵŵ
ϭϵϴϯ͕ϴй
DĂƚŚWƵď^ŵĂůů
Ϯϭϵϯ͕ϵй

ĂĐŚĞůŽƌƐ
ϲϵϳϭ͕ϯϰй

^ƚĂƚŝƐƚŝĐƐΘ
ŝŽƐƚĂƚŝƐƚŝĐƐ
ϭϱϰ͕ϳй
DĂƚŚWƵď
DĞĚŝƵŵ
ϭϳϰϰ͕ϵй
DĂƚŚWƵď^ŵĂůů
ϭϴϬϵ͕ϵй

DĂƚŚWƌŝǀ>ĂƌŐĞ
ϭϬϬϲ͕ϰй
DĂƚŚWƌŝǀ^ŵĂůů
ϳϵϮ͕ϯй
ƉƉůŝĞĚDĂƚŚ
ϱϱϵ͕Ϯй

DĂƐƚĞƌƐ
ϰϱϭϲ͕ϭϵй

DĂƚŚWƌŝǀ>ĂƌŐĞ
ϭϬϬϮ͕ϱй

ĂĐŚĞůŽƌƐ
ϭϱϮϴ͕ϳϮй

DĂƚŚWƌŝǀ^ŵĂůů
ϳϰϯ͕ϰй

DĂƐƚĞƌƐ
ϯϱϮϰ͕ϭϳй

ƉƉůŝĞĚDĂƚŚ͕ϱϭϵ͕Ϯй

^ƚĂƚŝƐƚŝĐƐ͕ϭϭϳϱ͕ϱй

^ƚĂƚŝƐƚŝĐƐ͕ϭϭϮϰ͕ϱй

ŝŽƐƚĂƚŝƐƚŝĐƐ͕ϭϬϬϬ͕ϰй

Total: 24,290

DĂƐƚĞƌƐ
ϯϬϭ͕ϭϰй

ŝŽƐƚĂƚŝƐƚŝĐƐ͕ϵϮϴ͕ϱй

Total: 20,364

Total: 2,125*

*(39% teach only computer science courses)

William Yslas Vélez is a professor in the Department of Mathematics at University of Arizona. James W. Maxwell is AMS coordinator
of special projects. Colleen A. Rose is AMS survey analyst.
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Doctoral Faculty
The estimated number of full-time doctoral (i.e. doctorate-holding) faculty in all mathematics departments combined (Math Public, Math Private, Applied Math, Masters, and Bachelors) is 18,312 (with a standard error of 105), down
slightly from last year’s number of 18,527. For these same groups combined, total doctoral tenured faculty remained
essentially unchanged at 12,202 compared to 12,183 for fall 2012; 39% (4,799) of all doctoral tenured faculty are in
Bachelors departments. (See page 166 for a full description of faculty categories.)

DĂƚŚWƵď
>ĂƌŐĞ
ϭϮϬϯ͕ϵй

DĂƚŚWƵď>ĂƌŐĞ͕ϭϳϵ͕ϱй
DĂƚŚWƵďDĞĚŝƵŵ͕Ϯϰϰ͕ϲй

DĂƚŚWƵďDĞĚŝƵŵ
ϭϭϬϱ͕ϴй

ĂĐŚĞůŽƌƐ
ϰϳϵϵ͕ϯϲй

DĂƚŚWƵď^ŵĂůů
ϯϮϭ͕ϵй

DĂƚŚWƵď^ŵĂůů
ϭϭϵϲ͕ϵй

DĂƚŚWƵďDĞĚŝƵŵ
ϮϬϴ͕ϭϮй

DĂƚŚWƌŝǀ^ŵĂůů
ϵϯ͕ϯй
ƉƉůŝĞĚDĂƚŚ
^ƚĂƚŝƐƚŝĐƐ
ϱϱ͕ϭй
ϭϴϯ͕ϱй

DĂƐƚĞƌƐ
Ϯϵϭ͕ϭϲй

ŝŽƐƚĂƚŝƐƚŝĐƐ
Ϯϯϱ͕ϲй

DĂƚŚWƌŝǀ^ŵĂůů
ϰϲϵ͕ϰй
ƉƉůŝĞĚDĂƚŚ͕ϯϮϯ͕ϯй

DĂƚŚWƵď^ŵĂůů
ϭϴϴ͕ϭϬй

ŝŽƐƚĂƚŝƐƚŝĐƐ
Ϯϭϯ͕ϭϮй

DĂƐƚĞƌƐ
ϲϯϲ͕ϭϳй

^ƚĂƚŝƐƚŝĐƐ͕ϲϳϬ͕ϱй

DĂƚŚWƌŝǀ^ŵĂůů͕ϵϯ͕ϱй
ƉƉůŝĞĚDĂƚŚ͕ϱϲ͕ϯй

Total: 1,821

Total: 3,770

Total: 13,251

Postdoctoral appointments among the doctoral
mathematics departments combined (Math
Public, Math Private, and Applied Math) increased
to 1,154 for fall 2013. This is a 6% increase
from last year and 15% of the total full-time
doctoral faculty in these departments.

••

DĂƚŚWƌŝǀ>ĂƌŐĞ
ϳϲ͕ϰй

^ƚĂƚŝƐƚŝĐƐ
ϭϱϬ͕ϴй

ŝŽƐƚĂƚŝƐƚŝĐƐ͕ϯϳϵ͕ϯй

••

DĂƚŚWƵď>ĂƌŐĞ
Ϯϭϱ͕ϭϮй

ĂĐŚĞůŽƌƐ
ϯϯϭ͕ϭϴй

DĂƚŚWƌŝǀ>ĂƌŐĞ
ϵϬ͕Ϯй

ĂĐŚĞůŽƌƐ
ϭϳϯϯ͕ϰϲй

DĂƚŚWƌŝǀ>ĂƌŐĞ
ϱϱϭ͕ϰй

DĂƐƚĞƌƐ͕Ϯϱϱϲ͕ϭϵй

Figure D.3: Full-time
Non-tenure-track
Doctoral Faculty (excluding Postdocs)
by Department Grouping

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

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

••

Part-time doctoral faculty increased 21% to
579 in all doctoral mathematics departments
combined; this is 43% of all part-time faculty in
these groups.

••

Females hold 27% of all part-time doctoral
faculty positions.

Females hold 21% of all postdoctoral
appointments.

Figure D.4: Full-time Postdoctoral Faculty
by Department Grouping
DĂƐƚĞƌƐ͕ϰϬ͕ϯй

DĂůĞ

ĂĐŚĞůŽƌƐ
ϭϬϳ͕ϳй

DĂƚŚWƵď>ĂƌŐĞ
ϰϬϰ͕Ϯϲй

^ƚĂƚŝƐƚŝĐƐ
ϭϮϭ͕ϴй
ƉƉůŝĞĚDĂƚŚ
ϴϱ͕ϱй

DĂƚŚWƵďDĞĚŝƵŵ
ϭϴϳ͕ϭϮй

DĂƚŚWƌŝǀ>ĂƌŐĞ
Ϯϴϲ͕ϭϵй
DĂƚŚWƵď^ŵĂůů
ϭϬϰ͕ϳй

Total: 1,522

EƵŵďĞƌ&ĂĐƵůƚǇ

ŝŽƐƚĂƚŝƐƚŝĐƐ
ϭϬϭ͕ϳй

DĂƚŚWƌŝǀ^ŵĂůů
ϴϴ͕ϲй

Figure D.5: Gender of Full-time Doctoral Faculty
Total: 20,364

ϵϬϬϬ
ϴϬϬϬ
ϳϬϬϬ
ϲϬϬϬ
ϱϬϬϬ
ϰϬϬϬ
ϯϬϬϬ
ϮϬϬϬ
ϭϬϬϬ
Ϭ

&ĞŵĂůĞ

ϭϰϰϬ
(18%)

ϮϬϵϳ

ϲϯϳϴ

(30%)

(82%)

ϭϬϰϱ
(30%)

ϰϴϳϰ
(70%)

ϲϯϮ

Ϯϰϳϴ

(31%)

(70%)

ϭϰϮϭ

(69%)

ŽĐƚŽƌĂůDĂƚŚ

DĂƐƚĞƌƐ

ĂĐŚĞůŽƌƐ

^ƚĂƚŝƐƚŝĐƐͬŝŽƐƚĂƚŝƐƚŝĐƐ

ĞƉĂƌƚŵĞŶƚ'ƌŽƵƉŝŶŐ
April 2015
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Nondoctoral Faculty
The estimated number of nondoctoral (i.e. without a doctorate) full-time faculty in all mathematics departments
combined (Math Public, Math Private, Applied Math, Masters, and Bachelors) is 3,803. This is up 3% from last year and
is 17% of all full-time faculty (22,115) in these departments. In addition, nondoctoral tenured faculty decreased 18%
from 633 to 521 this year. 193 of the nondoctoral faculty in all mathematics departments are tenure-eligible faculty,
5% of all tenure-eligible faculty in these groups. Nondoctoral full-time non-tenure-track faculty increased 8% to 3,074;
this is 81% of all nondoctoral mathematics faculty.
Figure ND.1: Full-time
Nondoctoral Faculty
by Department Grouping
DĂƚŚWƵď>ĂƌŐĞ͕ϭϮϬ͕ϯй

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

Figure ND.2: Full-time Nondoctoral
Tenured Faculty
by Department Grouping

DĂƚŚWƵďDĞĚŝƵŵ͕Ϯϯϵ͕ϲй

(excluding Postdocs)

^ƚĂƚŝƐƚŝĐƐΘŝŽƐƚĂƚŝƐƚŝĐƐ
Ϯ͕ф͘ϱй

ŽĐƚŽƌĂůDĂƚŚŽŵďŝŶĞĚ͕ϮϬ͕ϰй

DĂƚŚWƵď^ŵĂůů͕ϯϴϱ͕ϭϬй

ZĞƐĞĂƌĐŚŽŶůǇ͕ϰ͕ф͘ϱй

^ŚŽƌƚͲƚĞƌŵ
ϱϭϬ͕ϭϲй

DĂƐƚĞƌƐ
ϲϰ͕ϭϮй

DĂƚŚWƌŝǀ>ĂƌŐĞ͕ϰ͕ф͘ϱй

WƌŽďĂƚŝŽŶĂƌǇƐƚĂƚƵƐ
ϭϬϵ͕ϯй

DĂƚŚWƌŝǀ^ŵĂůů͕ϰϵ͕ϭй
ƉƉůŝĞĚDĂƚŚ͕ϰϬ͕ϭй
^ƚĂƚŝƐƚŝĐƐ͕ϱϬ͕ϭй
ŝŽƐƚĂƚŝƐƚŝĐƐ͕ϳϮ͕Ϯй

ĂĐŚĞůŽƌƐ
ϭϵϳϱ͕ϱϭй

DĂƐƚĞƌƐ
ϵϵϯ͕Ϯϱй

ZĞŶĞǁĂďůĞ
Ϯϱϲϯ͕ϴϭй
ĂĐŚĞůŽƌƐ
ϰϯϳ͕ϴϰй

Total: 3,925

Total: 3,187

Total: 524

Figure ND.4: Gender of Full-time Nondoctoral Faculty
Total: 3,925

DĂůĞ &ĞŵĂůĞ
81% of all nondoctoral non-tenure-track faculty
appointments are renewable, with probationary,
short-term, and research only appointments
comprising 3%, 16%, and < .5%, respectively.

••

Females account for 54% of full-time nondoctoral
faculty in all mathematics groups combined
(up from 53% last year), compared to females
accounting for 26% of all doctoral full-time faculty
and 30% of all full-time faculty.

••
••

••

408

Total part-time nondoctoral faculty increased 16%
to 6,149 from 5,288 last year.
Part-time nondoctoral faculty increased 9%
to 755 in all doctoral mathematics departments
combined (Math Public, Math Private, and Applied
Math), this is 57% of all part-time faculty in these
groups.

ϮϱϬϬ
EƵŵďĞƌŽĨ&ĂĐƵůƚǇ

••

ϮϬϬϬ

ϭϬϮϰ

(52%)

ϭϱϬϬ
ϭϬϬϬ

ϰϵϮ

ϱϬϬ

ϱϰϴ

(55%)

ϰϰϱ

(41%)

ϯϰϰ

(45%)

ŽĐƚŽƌĂůDĂƚŚ

DĂƐƚĞƌƐ

Ϭ

Females hold 46% of all part-time nondoctoral
faculty positions.

ϵϱϭ

(48%)

(59%)

ϲϱ (53%)

ĂĐŚĞůŽƌƐ

ϱϳ (47%)
^ƚĂƚŝƐƚŝĐƐͬŝŽƐƚĂƚŝƐƚŝĐƐ

ĞƉĂƌƚŵĞŶƚ'ƌŽƵƉŝŶŐ
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Female Faculty
For the combined mathematics departments (Math Public, Math Private, Applied Math, Masters, and Bachelors),
women comprised 30% (6,647 with a standard error of 101) of the full-time faculty (22,115) in fall 2013. For the
doctoral mathematics departments combined (Math Public, Math Private, and Applied Math), women comprised 15% of
the combined doctorate-holding tenured and tenure-eligible faculty and 29% of the doctoral-holding non-tenure-track
(including postdocs) faculty in fall 2013. For Masters faculty these same percentages are 29 and 41, and for Bachelors
faculty they are 30 and 26, respectively. Among the nondoctoral full-time faculty in all math departments combined,
women comprise 54%. Females account for 39% of all part-time faculty in mathematics departments combined.
Figure FF.1: Full-time Tenured
Female Doctoral Faculty
by Department Grouping

Figure FF.3: Full-time
Postdoctoral
Female Doctoral Faculty
by Department Grouping

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

DĂƚŚWƵď>ĂƌŐĞ͕ϭϯϱ͕ϱй

DĂƚŚWƵď>ĂƌŐĞ
ϰϰ͕ϯй

DĂƚŚWƵďDĞĚŝƵŵ͕ϭϮϵ͕ϰй

DĂƚŚWƵďDĞĚŝƵŵ͕ϲϲ͕ϱй

DĂƐƚĞƌƐ
Ϯ͕ϭй

DĂƚŚWƵď^ŵĂůů͕ϴϮ͕ϲй

DĂƚŚWƵď^ŵĂůů͕ϮϬϮ͕ϳй

DĂƚŚWƌŝǀ>ĂƌŐĞ͕ϵ͕ϭй
DĂƚŚWƌŝǀ>ĂƌŐĞ͕ϱϭ͕Ϯй

DĂƚŚWƌŝǀ^ŵĂůů
Ϯϯ͕Ϯй

DĂƚŚWƌŝǀ^ŵĂůů
ϲϲ͕Ϯй
ĂĐŚĞůŽƌƐ
ϭϯϯϲ͕ϰϳй

^ƚĂƚŝƐƚŝĐƐ
ϭϯϬ͕ϱй
ŝŽƐƚĂƚŝƐƚŝĐƐ
ϭϮϬ͕ϰй

^ƚĂƚŝƐƚŝĐƐ
ϱϵ͕ϱй

ƉƉůŝĞĚDĂƚŚ
ϰϬ͕ϭй

DĂƚŚWƵď>ĂƌŐĞ
ϴϭ͕Ϯϱй

ŝŽƐƚĂƚŝƐƚŝĐƐ
ϯϮ͕ϭϬй

ƉƉůŝĞĚDĂƚŚ
ϭϲ͕ϭй

^ƚĂƚŝƐƚŝĐƐ
ϮϮ͕ϳй

ŝŽƐƚĂƚŝƐƚŝĐƐ
ϴϯ͕ϳй

ĂĐŚĞůŽƌƐ
ϲϰϲ͕ϱϭй

ĂĐŚĞůŽƌƐ
ϯϮ͕ϭϬй

DĂƚŚWƵďDĞĚŝƵŵ
ϯϴ͕ϭϮй

ƉƉůŝĞĚDĂƚŚ
ϵ͕ϯй
DĂƐƚĞƌƐ
Ϯϰϳ͕ϭϵй

DĂƐƚĞƌƐ
ϲϲϯ͕Ϯϯй

DĂƚŚWƌŝǀ^ŵĂůů
Ϯϭ͕ϲй

DĂƚŚWƌŝǀ>ĂƌŐĞ
ϲϭ͕ϭϵй

DĂƚŚWƵď^ŵĂůů
Ϯϯ͕ϳй

Total: 2,871

Total: 1,275

Figure FF.4: Full-time Female Doctoral
Non-tenure-track Faculty
(excluding Postdocs)

by Department Grouping
ĂĐŚĞůŽƌƐ
ϴϯ͕ϭϭй

••

Females hold 13% of full-time tenured and 24% of fulltime tenure-eligible positions in all doctoral mathematics
departments combined.

••

43% of all full-time female faculty (in all groups combined)
are in the Bachelors Departments.

••

Biostatistics departments reported the highest percentage
of full-time female faculty (39%), followed by Masters and
Bachelors departments (35% each), while Math Private Large
reported the lowest (15%).

••

Females hold 21% of all postdoctoral appointments. 36% of
all female postdocs in doctoral mathematics departments
combined are found in Math Public Large departments.
This group reported the highest percentage (26%) of female
postdocs.

••

84% of all female nondoctoral non-tenure-track faculty
appointments (1,791) are renewable, with probationary, shortterm, and research only appointments comprising 3%, 13%, and
< .5%, respectively.

••

59% of all part-time female faculty among the mathematics
departments combined are found in the Bachelors Departments.

••

89% of all part-time female faculty hold nondoctoral positions.

DĂƚŚWƵď
>ĂƌŐĞ
ϴϳ͕ϭϮй
DĂƚŚWƵď
DĞĚŝƵŵ
ϭϬϭ͕ϭϯй

DĂƐƚĞƌƐ
ϭϯϯ͕ϭϴй

DĂƚŚWƵď^ŵĂůů
ϳϲ͕ϭϬй

ŝŽƐƚĂƚŝƐƚŝĐƐ
ϭϮϬ͕ϭϲй

DĂƚŚWƌŝǀ>ĂƌŐĞ͕Ϯϱ͕ϯй

^ƚĂƚŝƐƚŝĐƐ
ϲϲ͕ϵй

DĂƚŚWƌŝǀ^ŵĂůů͕ϯϲ͕ϱй
ƉƉůŝĞĚDĂƚŚ͕ϮϬ͕ϯй

Total: 747
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Undergraduate Course Enrollments
Total undergraduate enrollments for all groups combined increased by 2% (53,000) to 2,460,000 (with a standard
error of 20,000). All departments combined reported an overall increase of 2% 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 2013
ϭϲϬ

DĂƚŚWƵďůŝĐ
>ĂƌŐĞ
ϮϮϱ͕ϵй

DĂƚŚWƵďůŝĐ^ŵĂůů
ϯϬϱ͕ϭϮй

DĂƚŚWƌŝǀĂƚĞ>ĂƌŐĞ
ϱϬ͕Ϯй
DĂƚŚWƌŝǀĂƚĞ^ŵĂůů͕ϲϲ͕ϯй
ƉƉůŝĞĚDĂƚŚ͕ϰϬ͕Ϯй

DĂƐƚĞƌƐ
ϱϱϯ͕Ϯϯй

hŶĚĞƌŐƌĂĚƵĂƚĞŽƵƌƐĞŶƌŽůůŵĞŶƚ
ƉĞƌ&ƵůůͲƚŝŵĞ&ĂĐƵůƚǇDĞŵďĞƌ

DĂƚŚWƵďůŝĐ
DĞĚŝƵŵ
Ϯϳϱ͕ϭϭй

ĂĐŚĞůŽƌƐ
ϴϰϲ͕ϯϰй

ϭϯϵ

ϭϰϬ

ϭϯϵ
ϭϮϯ

ϭϮϬ

ϭϬϲ
ϵϱ

ϭϬϬ

ϴϰ

ϴϬ

ϴϬ

ϳϮ

ϲϬ

ϰϵ

ϰϬ

ϮϬ

ϰ

Ϭ

^ƚĂƚŝƐƚŝĐƐ͕ϵϰ͕ϰй
ŝŽƐƚĂƚŝƐƚŝĐƐ͕ϰ͕ф͘ϱй

Total Undergraduate Enrollments

(thousands):

2,460

ĞƉĂƌƚŵĞŶƚ'ƌŽƵƉŝŶŐ

Graduate Course Enrollments
Total graduate course enrollments have increased slightly from 106,000 to 108,000 (with a standard error of 3,000).
All departments combined reported an overall increase of 1% in the estimated number of graduate course enrollments
per full-time tenured and tenure-eligible faculty member.
Figure GE.1: Graduate Course Enrollments
by Department Grouping

Figure GE.2: Graduate Course Enrollment per Full-Time
Tenured and Tenure-eligible Faculty Member, Fall 2013
ϱϬ
ϰϱ

DĂƚŚWƵďůŝĐ>ĂƌŐĞ
ϭϮ͕ϭϭй
DĂƚŚWƵďůŝĐ
DĞĚŝƵŵ
ϭϭ͕ϭϬй

ŝŽƐƚĂƚŝƐƚŝĐƐ
ϭϳ͕ϭϲй

DĂƚŚWƵďůŝĐ^ŵĂůů
ϭϮ͕ϭϭй

^ƚĂƚŝƐƚŝĐƐ
Ϯϱ͕Ϯϯй

'ƌĂĚƵĂƚĞŽƵƌƐĞŶƌŽůůŵĞŶƚ
ƉĞƌ&ƵůůͲƚŝŵĞdĞŶƵƌĞĚΘdĞŶƵƌĞͲƚƌĂĐŬ
&ĂĐƵůƚǇDĞŵďĞƌ

DĂƐƚĞƌƐ
ϭϲ͕ϭϱй

DĂƚŚWƌŝǀĂƚĞ>ĂƌŐĞ
ϲ͕ϲй

ϰϬ
ϯϱ
Ϯϵ

ϯϬ

Ϯϳ

Ϯϱ
ϮϬ
ϭϰ

ϭϱ
ϭϬ

ϵ

ϴ

ϴ

ϭϬ
ϲ

ϱ

ϱ

Ϭ

DĂƚŚWƌŝǀĂƚĞ^ŵĂůů
ϯ͕ϯй

ƉƉůŝĞĚDĂƚŚ͕ϱ͕ϱй

Total Graduate Enrollments

(thousands):

108
ĞƉĂƌƚŵĞŶƚ'ƌŽƵƉŝŶŐ

410

Notices

of the

AMS	

Volume 62, Number 4

2013 Annual Survey of the Mathematical Sciences in the US

Undergraduate Degrees Awarded
The estimated number of undergraduate degrees awarded during 2012–2013 by all mathematics departments
combined (Math Public, Math Private, Applied Math, Masters, and Bachelors) is 28,423 (with a standard error of
361), up 6% from last year’s estimate of 26,761. Females earned 41% (11,737) of undergraduate degrees, up 10% from last
year. This year’s estimated number of undergraduate degrees awarded by mathematics departments included 611
statistics-only and 1,811 computer-science-only.
Figure UD.2: Undergraduate Degrees Awarded*
to Females by Department Grouping

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

DĂƚŚWƵďůŝĐ>ĂƌŐĞ͕ϭϯϮϯ͕ϭϭй

DĂƚŚWƵďůŝĐ>ĂƌŐĞ
ϯϲϯϰ͕ϭϮй

ĂĐŚĞůŽƌƐ
ϭϮϱϬϰ͕ϰϮй

DĂƚŚWƵďůŝĐDĞĚŝƵŵ
ϴϲϵ͕ϳй

DĂƚŚWƵďůŝĐDĞĚŝƵŵ
ϮϯϴϬ͕ϴй

DĂƚŚWƵďůŝĐ^ŵĂůů
ϳϵϴ͕ϳй

ĂĐŚĞůŽƌƐ
ϱϰϲϯ͕ϰϱй

DĂƚŚWƵďůŝĐ^ŵĂůů
ϭϵϴϭ͕ϳй

DĂƚŚWƌŝǀĂƚĞ>ĂƌŐĞ
ϰϭϬ͕ϯй

DĂƚŚWƌŝǀĂƚĞ>ĂƌŐĞ
ϭϰϮϱ͕ϱй

DĂƚŚWƌŝǀĂƚĞ^ŵĂůů
ϯϳϳ͕ϯй
ƉƉůŝĞĚDĂƚŚ͕Ϯϰϭ͕Ϯй

DĂƚŚWƌŝǀĂƚĞ^ŵĂůů
ϭϬϮϬ͕ϰй
ƉƉůŝĞĚDĂƚŚ͕ϲϲϬ͕Ϯй
DĂƐƚĞƌƐ
ϰϴϭϵ͕ϭϲй

^ƚĂƚŝƐƚŝĐƐ͕ϱϮϯ͕ϰй
DĂƐƚĞƌƐ
ϮϮϱϲ͕ϭϴй

^ƚĂƚŝƐƚŝĐƐ͕ϭϮϰϵ͕ϰй

ŝŽƐƚĂƚŝƐƚŝĐƐ͕ϭϴ͕ф͘ϱй

ŝŽƐƚĂƚŝƐƚŝĐƐ͕ϰϳ͕ф͘ϱй

Total: 29,719

Total: 12,278

* Degrees awarded between July 1, 2012 and June 30, 2013.

* Degrees awarded between July 1, 2012 and June 30, 2013.

••

Math Doctoral departments awarded 8%
more degrees this year, up 838 from last year,
37% of all degrees awarded.

••

All groups showed an increase in the number
of degrees awarded except Statistics, which
decreased 7%.

41% of all degrees awarded were to females, the same as last year.

••

All groups reported an increase in the number of degrees awarded
to females except Math Private Small and Statistics, which reported
decreases of 5% each.

••

Math Doctoral departments awarded 34%* of all degrees awarded to
females. *Note: The published report incorrectly cited this as 9%.

Math Public Small departments showed the
largest increase in degrees awarded, up 14%
from last year.

••

Bachelors departments awarded 42% of all
the degrees, the same as last year, in all
mathematics departments combined.

••

Total statistics-only degrees increased in all
mathematics departments combined by 28%
to 611.

••

80% of computer sciences degrees were
awarded by Bachelors departments.

••

Statistics and Biostatistics departments
combined awarded 1,296 degrees, a decrease
of 6% from last year; females received 42% of
these degrees (up from 41% last year).

Figure UD.3: Undergraduate Degrees Awarded
All Mathematics Combined

dŽƚĂůhŶĚĞƌŐƌĂĚƵĂƚĞĞŐƌĞĞƐǁĂƌĚĞĚ
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ϮϬϭϮͲϮϬϭϯ

ϮϴϰϮϯ

ϭϭϳϯϳ

ϮϬϭϭͲϮϬϭϮ
ĞŐƌĞĞzĞĂƌ

••

••

Ϯϲϳϲϭ

ϭϬϵϴϬ

ϮϬϭϬͲϮϬϭϭ

ϮϱϲϮϭ

ϭϬϮϵϯ

ϮϬϬϵͲϮϬϭϬ

Ϯϯϰϯϴ

ϭϬϭϭϴ

ϮϬϬϴͲϮϬϬϵ

ϮϰϯϮϴ

ϵϵϴϳ
Ϭ

ϱϬϬϬ

ϭϬϬϬϬ

ϭϱϬϬϬ

ϮϬϬϬϬ

ϮϱϬϬϬ

ϯϬϬϬϬ

EƵŵďĞƌŽĨĞŐƌĞĞƐǁĂƌĚĞĚ

April 2015

Notices

of the

AMS	

411

2013 Annual Survey of the Mathematical Sciences in the US

Master’s Degrees Awarded
The estimated number of master’s degrees awarded during 2012-2013 in all mathematics departments combined
(Math Public, Math Private, Applied Math, and Masters) is 4,619, a 6% increase from last year’s estimate of 4,370
(with a standard error of 136). These departments also reported a slight increase in the number of degrees awarded
to females, 1,735. This year’s total estimated graduate degrees included 2,207 statistics-only and 87 computerscience-only degrees.

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

••

Looking at all mathematics departments combined:
••

Masters departments awarded the highest
percentage of degrees (27%, the same as last
year).

••

Math Private Small awarded the fewest fraction
of degrees with 3%, down from 4% last year.

••

Females received 38% of all degrees awarded
among all the mathematics departments
combined, down from 40% last year.

••

17% of degrees awarded to females in all
mathematics departments combined were
in statistics-only or computer-science-only,
compared to 13% for males.

DĂƚŚWƵďůŝĐ
>ĂƌŐĞ
ϱϭϰ͕ϴй
DĂƚŚWƵďůŝĐ
DĞĚŝƵŵ
ϲϲϱ͕ϭϬй

DĂƐƚĞƌƐ
ϭϳϱϰ͕Ϯϳй

DĂƚŚWƵďůŝĐ^ŵĂůů
ϲϳϬ͕ϭϬй

ŝŽƐƚĂƚŝƐƚŝĐƐ
ϰϱϱ͕ϳй

DĂƚŚWƌŝǀĂƚĞ>ĂƌŐĞ
ϰϮϬ͕ϳй

DĂƚŚWƌŝǀĂƚĞ^ŵĂůů
ϭϴϬ͕ϯй

^ƚĂƚŝƐƚŝĐƐ
ϭϯϮϬ͕Ϯϭй

••

ƉƉůŝĞĚDĂƚŚ͕ϰϭϲ͕ϳй

Statistics and Biostatistics departments combined:
••

awarded 1,775 degrees, an increase of 13%
from last year; females received 51% of these
degrees (up from 50% last year).

••

statistics-only degrees awarded by the
Biostatistics Group increased 37% to 353 from
257 last year.

Total Master’s Degrees Awarded: 6,395
*Degrees awarded between July 1, 2012 and June 30, 2013.

Figure MD.2: Master’s Degrees Awarded
All Mathematics Combined
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ϭϳϮϴ

ϮϬϭϬͲϮϬϭϭ

ϭϳϰϱ

ϮϬϬϵͲϮϬϭϬ

ϭϳϮϯ

ϮϬϬϴͲϮϬϬϵ

ϰϲϭϵ

ϭϬϬϬ

ϮϬϬϬ

Comparing master’s degrees awarded this year with
those awarded in 2008–2009:

ϰϰϮϯ

••

Total degrees awarded have increased 14%
overall.

••

Total degrees awarded to females decreased
from 40% to 38%.
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Graduate Students
The total number of full-time graduate students in fall 2013 in all mathematics departments combined is 16,199,
up from 15,658 in fall 2012. The total number of full-time graduate students in doctoral mathematics departments
combined (Math Public, Math Private, and Applied Math) is 12,963 (up from 12,684). The number of US citizens among
the doctoral mathematics departments combined decreased slightly to 6,872 and the number of US citizen first-year
students remained essentially unchanged at 1,793 compared to 1,796 for fall 2012. For the Masters Group, full-time
graduate students increased 9% to 3,237, the number of US citizens is 2,417 (up from 2,222), and the number of firstyear students is 1,383 (up from 1,302). Statistics and Biostatistics combined reported full-time graduate students as
6,255, up from 5,749.
Figure GS.1: Graduate Students
by Department Grouping
DĂƐƚĞƌƐ
ϯϮϯϳ͕ϭϰй

DĂƚŚWƵďůŝĐ>ĂƌŐĞ
ϯϯϰϯ͕ϭϱй

ŝŽƐƚĂƚŝƐƚŝĐƐ
ϮϬϯϮ͕ϵй

••

Full-time graduate students increased in all groups except Math
Public Medium and Math Public Small, which decreased slightly.

••

Biostatistics departments had the largest percentage and number
increase in graduate students with 19% (up 318 from 1,714 to 2,032).

••

Females account for 36% (8,127) of the full-time graduate students;
all groups reported increases except Math Private Small.

••

First-year graduate students increased in all groups. The Biostatistics,
Statistics, and Math Public Large groups had the largest percentage
increases with 28%, 19%, and 15%, respectively.

••

US citizen graduate students increased 5% overall; all groups reported
increases except Math Public Medium, Math Private Large, and Math
Private Small, which reported slight decreases.

••

Total part-time graduate students decreased in all groups except
Math Private Large, Applied Math, and Masters, which increased 5%,
35%, and 6%, respectively.

DĂƚŚWƵďůŝĐDĞĚŝƵŵ
ϯϬϭϰ͕ϭϯй
^ƚĂƚŝƐƚŝĐƐ
ϰϮϮϯ͕ϭϵй

ƉƉůŝĞĚDĂƚŚ
ϭϰϱϰ͕ϲй

DĂƚŚWƵďůŝĐ^ŵĂůů
Ϯϱϴϴ͕ϭϮй

DĂƚŚWƌŝǀĂƚĞ>ĂƌŐĞ
ϭϳϭϭ͕ϴй
DĂƚŚWƌŝǀĂƚĞ^ŵĂůů
ϴϱϯ͕ϰй

Total Graduate Students: 22,453

Table GS.2: Full-Time Graduate Students in All Doctoral Math Combined
1
by Gender and Citizenship, Fall 2006–2013
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WĂĐŝĨŝĐ/ƐůĂŶĚĞƌ͘

Ϯ

Looking at Table GS.2 we see that although the numbers and percentages have fluctuated somewhat among the
categories, the numbers of full-time and first-year graduate students have increased this year, while the percentage of
US citizens has dropped for the fourth consecutive year, and female first-year graduate students has increased. The
number of full-time and full-time first-year graduate students have both reached an eight-year high, increasing 18%
and 22% from their levels in 2006.
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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. 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 (i.e. individuals with renewable*, fixed-term but not renewable or other full-time but temporary faculty appointments).
*Include in this line those with appointments that are eligible for unlimited renewal. These include positions with
titles such as 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.

Department Groupings
Starting with reports on the 2012 AMS-ASA-IMS-MAASIAM Annual Survey of the Mathematical Sciences, the
Joint Data Committee has implemented a new method
for grouping the 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 PhD’s awarded between 2000
and 2010, based on their reports to the Annual Survey
during this period. Furthermore, doctorate-granting

departments which self-classify their PhD program as
being in applied mathematics will join with the other
applied mathematics departments previously in Group
Va to form their own group. The former Group IV will
be divided into two groups, one for departments in
statistics and one for departments in biostatistics.
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/
notices/201209/rtx120901262p.pdf.

Math. Public Large consists of departments with the highest annual rate of production of PhD’s, ranging between 7.0 and 24.2 per year.
Math. Public Medium consists of departments with an annual rate of production of PhD’s, ranging between 3.9 and 6.9 per year.
Math. Public Small consists of departments with an annual rate of production of PhD’s of 3.8 or less per year.
Math. Private Large consists of departments with an annual rate of production of PhD’s, ranging between 3.9 and 19.8 per year.
Math. Private Small consists of departments with an annual rate of production of PhD’s 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.
Group Masters contains US departments granting a master’s degree as the highest graduate degree.
Group Bachelors contains US departments granting a baccalaureate degree only.

Listings of the actual departments that compose these groups are available on the AMS website at www.ams.org/
annual-survey/groups.
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Remarks on Statistical Procedures
The questionnaire on which this report is based,
“Departmental Profile”, is sent to all doctoral and master’s
departments.
The 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 very 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 nonresponse are then made to arrive at the
estimates reported for the entire groups.
Standard errors were calculated for some of the key
estimates for all Doctoral Math Groups ( Math Public,
Math Private, and Applied Math) combined, for Groups
Masters and Bachelors, and for Statistics and Biostatistics
combined. 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 Group
Masters is estimated at 4,516 with a standard error of 100.
This means the actual number of full-time faculty in Group
Masters is most likely between 4,516 plus or minus two
standard errors, or between 4,316 and 4,716. This is much
more informative than simply giving the estimate of 4,516.
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 2,174, with a standard error of 92.
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).

Department Grouping Response Rates

Acknowledgments

Survey Response Rates by Grouping
Departmental Profile
Department Response Rates
1

Department Group

Number

Percent

Imputed

Math Public Large

25 of 26

96%

2

Math Public Medium

40 of 40

100%

3

Math Public Small

61 of 64

95%

13

Math Private Large

24 of 24

100%

5

Math Private Small

27 of 28

97%

3

Applied Math

2 of 25

2

Statistics

55 of 59

Biostatistics

32 of 34

Masters
Bachelors

2

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.

92%

2

93%

12

74%

9

136 of 182

75%

39

565 of 1,002

56%

135

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.
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2015 Steele Prizes
The 2015 Leroy P. Steele Prizes were presented at
the 121st Annual Meeting of the AMS in San Antonio, Texas, in January 2015. The Steele Prizes were
awarded to Robert Lazarsfeld for Mathematical
Exposition; to Rostislav Grigorchuk for Seminal
Contribution to Research; and to Victor Kac for
Lifetime Achievement.

Mathematical Exposition: Robert
Lazarsfeld
Citation
The 2015 Leroy P. Steele Prize for Mathematical
Exposition is awarded to Robert Lazarsfeld for his
books Positivity in Algebraic Geometry I (Ergebnisse
der Mathematik und iher Grenzgebiete. 3. Folge.
A Series of Modern Surveys in Mathematics, 48,
Springer-Verlag, Berlin, 2004) and Positivity in
Algebraic Geometry II (Ergebnisse der Mathematik
und iher Grenzgebiete. 3. Folge. A Series of Modern Surveys in Mathematics, 49, Springer-Verlag,
Berlin, 2004).
Lazarsfeld’s books Positivity in Algebraic Geometry I and II were instant classics. He has succeeded
wonderfully in putting together under the same
heading most of the areas of classical and modern
complex algebraic geometry dedicated to, or influenced by, the study of positivity. The positivity of
the title encompasses a circle of ideas germinating from the notion of an ample line bundle on a
smooth projective variety. Roughly speaking, such
a line bundle induces an embedding of the variety
into a projective space. By means of this embedding, the restriction of the classical Fubini-Study
metric gives rise to a positive, or Kähler, form on
the variety in the sense of differential geometry.
Fundamental work of Kodaira showed that, conversely, positivity in the differential-geometric
sense implies positivity in the algebro-geometric
one. This circle of ideas has been enlarged over the
years to include singular varieties, higher rank bundles, and eventually more general sheaves, singular
Kähler metrics, and fractional divisors, leading to
the introduction of multiplier ideals in both analytic and algebraic settings. Here, for the first time
in textbook form, the resulting algebraic theory
of multiplier ideals is fully developed. Furthermore, Lazarsfeld’s books work out the theory of
asymptotic multiplier ideals, tools that have since
DOI: http://dx.doi.org/10.1090/noti1231
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become of utmost importance in birational geometry; they were used in the proofs of landmark
theorems such as the invariance of plurigenera,
the finite generation of the canonical ring, and
the existence of flips. His books are now used for
courses and for reading and research seminars all
over the world. They can be used both as textbooks
and as sources for current research problems, and
so have great value for both students and experts
in the field. They are exceptionally well written,
with numerous examples, new proofs, and especially new results reflecting Lazarsfeld’s great taste
and originality.
Biographical Sketch
Robert Lazarsfeld was born in New York City in
1953. He graduated from Harvard College in 1975
and received his PhD from Brown University in
1980 under the direction of William Fulton. After
a postdoctoral stint as an instructor at Harvard,
he went to the University of California Los Angeles
in 1983. He remained
there until moving
to the University of
Michigan in 1997,
where in 2007 he became the Raymond
L. Wilder Collegiate
Professor. Since 2013,
Lazarsfeld has been
on the faculty of the
mathematics department at Stony Brook
Robert Lazarsfeld
University.
Lazarsfeld was
a Sloan Foundation Fellow (1984), a Presidential Young Investigator (1985–1990), an invited
speaker at the International Congress of Mathematicians (1990), and a Guggenheim Fellow (1998). He
delivered the 2005 AMS Colloquium Lectures and
was elected to the American Academy of Arts and
Sciences in 2006. From 2002 to 2009, Lazarsfeld
served on the editorial board of the Journal of the
American Mathematical Society, and in 2012 he
became a Fellow of the AMS.
Response from Robert Lazarsfeld
I am delighted and honored to receive the 2015
Leroy P. Steele Prize for Mathematical Exposition
for my monograph on positivity in algebraic geometry. Writing it was a protracted labor of love—or,
as it occasionally seemed, madness—so naturally
AMS	
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I’m very gratified that in the end the book appears
to have proved itself useful. I’ve always believed
that it’s worth striving to present mathematics
well, and I’m pleased to have these efforts acknowledged here.
The book owes a great deal to many teachers,
students, and colleagues, but I’d like to single out
three to whom I have a particular debt. To begin
with I’m grateful to János Kollár for suggesting
in the first place that I might write a book for the
Ergebnisse series. I am also indebted to Bill Fulton,
who not only introduced me as a graduate student
to the circle of questions around positivity but also
taught me the importance of good mathematical
writing. Finally, quite a bit of the material that appears in the book I either learned from Lawrence
Ein or worked out together with him, and I’d like to
take this opportunity to express my thanks to him.

Seminal Contribution to Research:
Rostislav Grigorchuk
Citation
The 2015 Leroy P. Steele Prize for Seminal Contribution to Research is awarded to Rostislav
Grigorchuk for his article “Degrees of growth of
finitely generated groups and the theory of invariant means”, Izvestiya Akademii Nauk SSSR. Seriya
Matematicheskaya, 48 (1984), no. 5, 939–985.
In this paper Grigorchuk constructed the first
examples of a finitely generated group whose
growth was faster than polynomial but slower
than exponential, answering a question raised
by John Milnor in 1968. These groups had other
amazing properties: they are torsion, they give a
new counterexample to the Burnside problem, and
they are amenable, but not elementary amenable,
thus answering another old question of Mahlon
Day. Moreover, Grigorchuk’s groups turned out to
be just infinite and yet have finite nilpotent width.
Grigorchuk showed that the class of groups of
intermediate growth is extremely rich: it contains
a continuum of 2-generator pairwise distinct
groups with respect to quasi-isometry, a relation
much weaker than isomorphism of groups. This
breakthrough greatly sharpened results of B. H.
Neumann, who had proved the existence of a
continuum of nonisomorphic 2-generator groups
in 1937.
It is important that Grigorchuk’s work not only
gave solutions to old standing problems but also
discovered new exciting classes of groups which
became known as “branch groups” and “selfsimilar groups”. These groups provided examples
with the previously unknown asymptotic behavior of random walks and the spectral densities
of discrete Laplacians. They found applications
in the theory of fractals, holomorphic dynamics,
spectral theory of groups and graphs, and theory
of finite automata.
April 2015

Grigorchuk used the idea of Kolmogorov complexity to study the complexity of algorithmic
problems in his groups. This work attracted the attention of computer scientists and cryptographers.
The work of Grigorchuk has influenced several
generations of researchers in group theory. It
would be impossible to imagine modern group
theory without Grigorchuk’s work.
Biographical Sketch
Rostislav Grigorchuk is Distinguished Professor
at Texas A&M University. He received his PhD
from Lomonosov
Moscow State University in 1978,
advised by Dmitry Anosov and
Anatoly Stepin.
He taught from
1978 to 1995 at
the Moscow State
University of Railway Engineering, Rostislav Grigorchuk
where he also
eventually occupied the position of head of the
Department of Mathematics, and from 2000 to
2002 at Lomonosov Moscow State University. He
was invited to the Steklov Institute of Mathematics
(Moscow) in 1995 and worked there as a leading
researcher from 1995 to 2002. In 2002 he moved
to College Station, Texas, in the United States.
Grigorchuk was born in 1953 in the small village
of Mukhavets in the Vishnivci district of the Ternopilska region in Ukraine. He received the Prize
of the Moscow Mathematical Society in 1979, was
an invited speaker at the International Congress of
Mathematicians in Kyoto (1990), was a Fulbright
Foundation Senior Fellow affiliated with Columbia
University in 1991 (by invitation of Hyman Bass),
twice received the Award for Best Scientific Results
from the Russian Academy of Science (1999 and
2001), received the Distinguished Achievement
Award from the Association of Former Students
of Texas A&M University (2009), and was honored
as a Fellow of the AMS in 2013.
His research interests are in group theory, dynamical systems, random walks, spectral theory
of groups and graphs, operator algebras, theory of
fractals, theory of automata, and formal languages.
Response from Rostislav Grigorchuk
It is a great honor to receive this award. I credit
my father, Ivan Grygorchuk, and my high school
math teachers, Vira Habryd in Ivanovo-Frankivsk
and Volodymyr Axelrod in Chernivtci (Ukraine),
for stimulating my interest in mathematics and
teaching me how to achieve my goals. From my
thesis adviser Anatoly Stepin at Moscow University
and my further mentors Dmitri Anosov and Yakov
Sinai, I learned many things, in particular how to
mix ergodic theory with algebra and functional
analysis and not to be afraid to attack difficult
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Lifetime Achievement: Victor Kac
Citation
The structure and representation theory of finitedimensional Lie groups and Lie algebras has left
no part of mathematics untouched since the mid1800s. The search for an analogous theory for
infinite-dimensional Lie groups and algebras is
much more recent but is no less important and fundamental. Victor Kac has been the prime mover in
creating this theory over the past forty-five years.
Kac-Moody algebras, introduced by Kac and
Moody in 1967, quickly became a basic and natural area of investigation in representation theory.
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They now are seen to form the backbone of many
aspects of combinatorics, integrable systems,
modular forms, enumerative algebraic geometry,
and the Langlands program. They also play an
important role in quantum field theory and statistical mechanics. Kac’s discovery of the Weyl-Kac
character formula laid the foundation for the study
of representation theory of Kac-Moody algebras
and yielded the interpretation of the famous Macdonald identities as denominator identities. Kac’s
work on the representation theory of the Virasoro
algebra has found important applications to integrable systems, conformal field theory, statistical
physics, and the study of moduli spaces of curves.
Kac’s classification of simple Lie superalgebras,
echoing the nineteenth-century Killing-Cartan
classification of simple Lie algebras, has had an
enormous influence in setting the stage for subsequent developments in super geometry. Kac’s
theorems and conjectures on the representation
theory of quivers have shaped the development
of this growing field.
Kac’s recognition theorem and the Kac-Weisfeiler conjectures paved the way to a much deeper
understanding of the structure and representations of modular Lie algebras. Recently, Kac and
his students developed structure and representation theories of linearly compact superalgebras
and related theories of conformal algebras and
pseudoalgebras.
Several generations of mathematicians have
found the three editions of Kac’s book InfiniteDimensional Lie Algebras (third edition, Cambridge
University Press, Cambridge, 1990) indispensable
to their education and research.
The 2015 Leroy P. Steele Prize for Lifetime
Achievement is awarded to Victor Kac in recognition of all these achievements.
Biographical Sketch
My ancestors lived in a small Romanian shtetl
called Lipcani. My father grew up in a wealthy family, and after high school he was supposed to go
to Paris to study
at the Sorbonne.
Instead, he chose
to stay in Lipcani
for three more
years waiting
for his beautiful sweetheart
to graduate from
high school. In
Victor Kac
1940, my future
parents enrolled in Kishinev University. Soon after,
the eastern part of Romania was annexed by the
Soviet Union, and the wealthiest citizens of Lipcani,
including my paternal grandparents, were arrested
and deported to Siberia.
A year later, Germany invaded the Soviet Union,
and Romanian forces, working with the German
© Bryce Vickmark.

problems. It was a pleasure listening to a talk in
one of their seminars for three to four hours (for
instance, a talk of G. Kasparov or M. Lyubich) and
then to play soccer the next day against the team
of another seminar. I furthermore learned a lot
from Sergei Adian and Vladimir Arnold, to whom
I am also grateful.
Group theory is a fascinating area of mathematics with a prominent past and future. Infinite finitely generated groups and their approximation
by finite groups play a special role in various contexts. Such great problems of modern mathematics as the Baum-Connes conjecture, the Novikov
conjecture, and the Atiyah conjectures are in equal
measure problems in topology and group theory.
The same is true for the Poincaré and AndrewsCurtis conjectures.
The developments of the last few decades,
including studies around the Burnside problem
(P. Novikov, S. Adian, E. Golod, E. Zelmanov), the
theory of hyperbolic groups initiated by Gromov,
groups with automatic structure as introduced
by Cannon and Thurston, groups of intermediate
growth as discovered following Milnor’s question
about their existence, the notion of amenability
invented by von Neumann and N. Bogolyubov,
property (T) of Kazhdan, and much more, have
enriched group theory, led to powerful applications, and made it an attractive area for young
researchers. The Leroy P. Steele Prize for Seminal
Contribution to Research that is awarded to me is a
reflection of the growing authority and popularity
of group theory.
I thank my students, collaborators, and colleagues for their support, patience, and interest
in my research and my lectures. I am grateful to
the administration of my department and of the
College of Science at Texas A&M University, where
I enjoy excellent conditions for teaching and carrying out research. My wife Nina, my daughter
Olesya, and my parents were always very supportive in my work and shared with me the difficulties and pleasures that life serves to us. To
all of them, and to the Steele Prize Committee and
the American Mathematical Society, I express my
deepest gratitude.
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fascists, rounded up all the Jews from Lipcani and
sent them to their deaths in concentration camps.
Thus, all my great-grandparents, my maternal
grandparents, and many other members of our
extended family perished in the Holocaust. Luckily,
my parents were evacuated with the rest of the students at Kishinev University to the Ural Mountains,
where I was born on December 19, 1943.
In 1944 we returned to the liberated Kishinev.
My parents found jobs in a publishing house; they
worked very long hours to earn a living. To this day
I remember the clicking of the typewriter every
evening as I was going to bed and every morning
as I was waking up.
I fondly remember the Kishinev school where
I studied from 1950 to 1960. In the summer of
1959, a friend from high school persuaded me
to participate in a local Math Olympiad, where,
to my astonishment, I won second place. It was
then that I decided to become a mathematician. I
went to a nearby library and took out all available
books with math problems. At first, it would take
me several days to solve a problem, but one by one
I mastered them all. Encouraged, I enrolled in the
Math Circle at Kishinev University. There I met a
girl who told me that she was not going to study in
our provincial university but would go to Moscow
instead. I instantly decided that I too would try to
get accepted into Moscow University.
The years 1960–1968 at Moscow University
were the happiest of my “Soviet” life. How can
one describe in a few lines the excitement and the
enthusiasm of those years? The university was the
center of mathematics and independent thinking in
a huge country—a powerful fountain of new ideas
and the source of most important discoveries.
During my sophomore year, I was incredibly fortunate to meet Ernest Vinberg, then still a graduate
student, who, together with Arkadii Onishchik, had
just founded a Lie group seminar, an offshoot of
the famous Dynkin seminar. (By this time Eugene
Dynkin had turned his full attention to probability.) Two years later Vinberg gave me a problem,
which determined the direction of my research for
the rest of my life. Under his guidance, in 1965 I
defended my master’s thesis “Algebraic definition
of compact Lie groups” and my PhD thesis “Simple
irreducible graded Lie algebras of finite growth”
in 1968. I admire mathematicians who change the
direction of their research several times, each time
starting from scratch. This has never happened in
my case, where each new direction was a natural
offshoot of my previous work.
After graduating, I was able to find a job at the
Moscow Institute of Electronic Machine Building,
a school with no graduate program and a very
large teaching load. There wasn’t even a slightest
chance for me to find another job, as new draconian anti-Semitic practices had been introduced in
the country. Even worse, most Soviet math journals
April 2015

would not publish my papers, and it was next to
impossible to obtain permission to publish abroad.
Fortunately, in the beginning of the 1970s a new
beacon of hope brightened the grim Soviet reality:
a mass emigration had begun. When my friends
David Kazhdan and Boris Weisfeiler emigrated, it
came as a shock, but gradually I understood that
I too had no other choice. In 1977 I left the Soviet
Union.
While in Rome waiting for a U.S. visa, I was offered a job at MIT, and on March 15, 1977—the
date which I still consider the most important of
my life—I arrived in the United States. The following day I came to MIT. Without even asking for my
documents, a department administrator gave me
a key to my office and asked for my bank account
number. “What is a bank account?” I asked. My
new life had begun.
Response from Victor Kac
It is a great honor to be awarded the 2015 Leroy
P. Steele Prize for Lifetime Achievement. I am
humbled to be among so many great mathematicians awarded the prize in previous years. I am
most grateful to the American Mathematical Society for this prestigious award, and particularly
to the members of the Steele Prize Committee for
making this difficult decision.
I would like to credit my mentors for their
support:
Ernest Vinberg, who was my thesis advisor at
Moscow University, and to whom I’ve been always
turning when getting stuck in a problem.
Bert Kostant, who convinced his colleagues
to grant tenure to a hapless refugee from the Soviet Union.
Is Singer and Eugene Dynkin, who gave me
crucial support in a difficult period of my “western” life.
David Kazhdan, who, being a few years
younger than me, was nevertheless my mentor with
his infinite knowledge and wisdom.
I’ve been blessed in having many collaborators.
It is a pleasure to acknowledge them—over sixtyfive in number. It is impossible to list all of them
here and the work we have done. However, I must
mention the three men of immense mathematical talent with whom I coauthored more than ten
papers:
Dale Peterson: Together we discovered
modular invariance of characters of affine Lie algebras and the “Kac-Peterson class”, and we built the
foundations of the theory of Kac-Moody groups.
Minoru Wakimoto: Together we discovered
the “Kac-Wakimoto spectrum” (as called nowadays
by physicists); we made advances in representation theory of affine Lie superalgebras and its
connections to representation theory of superconformal algebras via the quantum Hamiltonian
reduction; and we made advances in number
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theory, especially to the emerging theory of mock
theta functions.
Alberto De Sole: Together with our students,
we’ve been building the foundations of rigorous
algebraic theory of infinite-dimensional integrable
systems.
I should also mention the joint work with Corrado De Concini and Claudio Procesi on quantum
groups at roots of unity and the work with them
and Enrico Arbarello relating representation theory
to the geometry of algebraic curves. We retained
our friendship throughout the years since my
emigration period in Rome, when I received their
helping hand.
About the Prize
The Steele Prizes were established in 1970 in
honor of George David Birkhoff, William Fogg
Osgood, and William Caspar Graustein. Osgood
was president of the AMS during 1905–1906, and
Birkhoff served in that capacity during 1925–1926.
The prizes are endowed under the terms of a
bequest from Leroy P. Steele. Up to three prizes
are awarded each year in the following categories: (1) Lifetime Achievement: for the cumulative
influence 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) Mathematical Exposition: for a book
or substantial survey or expository research paper;
(3) 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. Each Steele Prize
carries a cash award of US$5,000.
The list of previous recipients of the Steele Prize
may be found on the AMS website at www.ams.
org/prizes-awards.
Beginning with the 1994 prize, there has been
a five-year cycle of fields for the Seminal Contribution to Research Award. The 2015 prize was
given in the field of algebra. The 2016 prize will
be given in applied mathematics; the 2017 prize
in geometry/topology; the 2018 prize in discrete
mathematics (logic alternates with discrete mathematics every five years); the 2019 prize in analysis;
and the 2020 prize in algebra, renewing the cycle.
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2015 Morgan Prize
Levent Alpoge was awarded the Frank and Brennie Morgan Prize for Outstanding Research in
Mathematics by an Undergraduate Student at the
121st Annual Meeting of the AMS in San Antonio,
Texas, in January 2015.
Citation
Levent Alpoge is the recipient of the 2015 AMSMAA-SIAM Frank and Brennie Morgan Prize for
Outstanding Research in Mathematics by an Undergraduate Student for several contributions
in the fields of number theory, probability, and
combinatorics. As an undergraduate, his senior
thesis on the average number of integral points in
elliptic curves received the Captain Jonathan Fay
Prize for the best senior thesis written by a Harvard
undergraduate. He has authored or coauthored
seven papers, where he has established a substantial record of proposing innovative solutions for
difficult problems.
Alpoge participated in two Research Experiences for Undergraduates (REUs), one at Williams
College in 2012 and the other at the University
of Minnesota at Duluth in 2013. Several of his
publications resulted from projects that were first
initiated in these REUs.
In addition to the Captain Jonathan Fay Prize at
Harvard, Alpoge has received many other prizes,
including the Sophia Freund Prize, the Thomas
T. Hoopes Prize, the David Mumford Prize, and the
Churchill Scholar Award.
Biographical Sketch
Levent Alpoge was born and raised in Dix Hills,
New York. He is a graduate of the Long Island
School for the Gifted, Half Hollow Hills High School
West, and Harvard University, where he obtained
an A.B. in mathematics and an AM in physics
through advanced standing. He is currently at
Cambridge University undertaking Part III of the
Mathematical Tripos as a Churchill Scholar, and
he will enter Princeton’s PhD program in the fall.
His mathematical focus is number theory, which
he first discovered at the Ross Program at the Ohio
State University.
While at Harvard, Alpoge took many courses in
mathematics, physics, and computer science. He
spent the summer of 2011 at the PRISE program at
Harvard on a Herchel Smith fellowship, studying
algebraic number theory under Benedict Gross.
He spent his next two summers at the Williams
SMALL and Duluth REUs, working on problems
in analytic number theory and combinatorics
under Steven Miller and Joe Gallian, respectively.
During this time, he also worked as a course
assistant for mathematics courses at Harvard,
DOI: http://dx.doi.org/10.1090/noti1229
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obtaining certificates for distinction in teaching; he gave talks at
various conferences as well as
Harvard’s own Math Table; and
he taught eight- to ten-year-olds
at Bob and Ellen Kaplan’s Math
Circle.
His nonmathematical pursuits
include playing soccer, distance
running, and reading histories and
biographies.
Response from Levent Alpoge
It is an incredible honor to receive the 2015 AMS-MAA-SIAM
Levent Alpoge
Frank and Brennie Morgan Prize
for Outstanding Research in Mathematics by an
Undergraduate Student. I would first like to thank
Mrs. Morgan and the AMS, MAA, and SIAM for
this award and for encouraging undergraduate
research in mathematics. I would also like to thank
Steven Miller and Joe Gallian both for advising me
and for running such superb REUs at Williams
College and the University of Minnesota-Duluth. I
would next like to thank all my teachers at LISG,
Hills West, and Harvard, particularly Mrs. Kapner
at LISG, Mr. Blayne, Mr. Maroney, and Mrs. Notskas
at Hills West, and Professors Elkies, Gaitsgory, and
Gross at Harvard for their patient and unselfish
teaching throughout my education. I would like
to also thank Jacob Tsimerman, my senior thesis
adviser, and Arul Shankar for both devising a
wonderful problem for my senior thesis and patiently explaining and reexplaining the beautiful
mathematics surrounding it to me. On the topic of
my thesis, I would like to thank Professor Gallian
(again!) for getting me to ask for a thesis problem
in the first place, since I would have thought it
out of the question were it not for his encouragement. I would of course like to thank my friends
for making life so fun, and, most importantly, I
would like to thank my family for their constant
love and support.
Citation for Honorable Mention: Akhil Mathew
Akhil Mathew is recognized with an Honorable
Mention for the 2015 Morgan Prize for Outstanding Research in Mathematics by an Undergraduate
Student. Mathew’s areas of research are algebraic
topology, algebraic geometry, and category theory.
He has received special recognition for his senior
thesis at Harvard University titled “The Galois
group of homotopy theory”, in which he has introduced several new ideas in descent theory and
Galois theory for structuring ring spectra.
Mathew has been the recipient of several prizes
while at Harvard, including the David Mumford Prize and the Thomas T. Hoopes Prize. He
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participated in two REUs, one in 2013 at Emory
University and the other at Pennsylvania State
University in 2010.
Biographical Sketch
Akhil Mathew was born in Chennai, India, but grew
up in Madison, New Jersey. He became interested
in mathematics as a child through popular books.
As a high school student, he took university-level
classes, and he began participating in mathematics research. He received third place in the Intel
Science Talent Search in 2010 for this research.
During college, he participated in REU programs
at Pennsylvania State University and at Emory
University, and he did summer research at Harvard
through internal fellowships. In 2014 he earned a
BA in pure mathematics from Harvard University.
He is now a first-year graduate student at the University of California, Berkeley, supported by an
NSF Graduate Fellowship. His primary mathematical interests are in algebraic topology, algebraic
geometry, and higher category theory.
Response from Akhil Mathew
It is an honor and a privilege to receive Honorable
Mention for the 2015 AMS-MAA-SIAM Frank and
Brennie Morgan Prize for Outstanding Research
in Mathematics by an Undergraduate Student. I
would like to thank my many mentors and collaborators, and in particular Dennis Gaitsgory,
Mike Hopkins, and Jacob Lurie for their help and
support at Harvard.
About the Prize
The Morgan Prize is awarded annually for outstanding research in mathematics by an undergraduate student (or students having submitted
joint work). Students in Canada, Mexico, or the
United States or its possessions are eligible for
consideration for the prize. Established in 1995,
the prize was endowed by Mrs. Frank (Brennie)
Morgan of Allentown, Pennsylvania, and carries
the name of her late husband. The prize is given
jointly by the AMS, the Mathematical Association
of America (MAA), and the Society for Industrial
and Applied Mathematics (SIAM) and carries a cash
award of US$1,200.
Recipients of the Morgan Prize are chosen by a
joint AMS-MAA-SIAM selection committee. For the
2015 prize, the members of the selection committee were Bela Bajnok, Jacob Fox, Johnny Guzman,
Steven J. Leon, Reza Malek-Madani, and Susan E.
Martonosi.
Previous recipients of the Morgan Prize are
Kannan Soundararajan (1995), Manjul Bhargava
(1996), Jade Vinson (1997), Daniel Biss (1998),
Sean McLaughlin (1999), Jacob Lurie (2000), Ciprian
Manolescu (2001), Joshua Greene (2002), Melanie Wood (2003), Reid Barton (2005), Jacob
Fox (2006), Daniel Kane (2007), Nathan Kaplan
(2008), Aaron Pixton (2009), Scott Duke Kominers (2010), Maria Monks (2011), John Pardon
(2012), Fan Wei (2013), and Eric Larson (2014).
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2015 AMS-SIAM Birkhoff Prize
Emmanuel Candès was awarded the 2015 AMSSIAM George David Birkhoff Prize in Applied Mathematics at the Joint Mathematics Meetings in San
Antonio, Texas, in January 2015.

Citation
The 2015 George David Birkhoff Prize in Applied
Mathematics is awarded to Emmanuel Candès for
his work on compressed sensing, which has revolutionized signal processing and medical imaging,
and for his related work on computational harmonic analysis, statistics, and scientific computing. In his PhD thesis, Candès developed curvelets
and ridgelets as generalizations of wavelets that
capture higher-order structure. Starting from his
computational experiments with MRI images,
Candès, along with coworkers Terence Tao and
Justin Romberg, developed compressed sensing
and introduced the Restricted Isometry Property
(RIP) that leads to exact recovery of sparse signals
with high probability. As some of the original work
on compressed sensing, these results have had a
broad impact on mathematics, statistics, and applications. Candès has continued to successfully
apply principles of sparsity and l 1 minimization
to a variety of other problems, such as matrix
completion, robust principal component analysis,
and phase retrieval (i.e., recovery of a signal from
measurement only of its magnitude).

Biographical Sketch
Emmanuel Candès is the Barnum-Simons Chair
in Mathematics and Statistics, a professor of
electrical engineering (by courtesy), and a member of the Institute of Computational and
Mathematical Engineering at Stanford University. Prior to his appointment as a Simons Chair,
Candès was the Ronald and Maxine Linde Professor of Applied and Computational Mathematics at
the California Institute of Technology. His research
interests are in computational harmonic analysis,
statistics, information theory, signal processing, and
mathematical optimization with applications to the
imaging sciences, scientific computing, and inverse
problems. He received his PhD in statistics from
Stanford University in 1998. Candès has received
several awards, including the Alan T. Waterman
Award from the National Science Foundation (NSF),
DOI: http://dx.doi.org/10.1090/noti1233

April 2015

which recognizes
the achievements of
early-career scientists. Other honors include the 2005 James
H. Wilkinson Prize in
Numerical Analysis
and Scientific Computing awarded by
the Society for Industrial and Applied
Mathematics (SIAM),
the 2008 Information
Theory Society Paper Emmanuel Candès
Award, the 2010
George Pólya Prize awarded by SIAM, the 2011
Collatz Prize awarded by the International Council
for Industrial and Applied Mathematics (ICIAM),
the Lagrange Prize in Continuous Optimization
awarded jointly by the Mathematical Optimization Society (MOS) and SIAM, and the 2013 Dannie Heineman Prize presented by the Academy of
Sciences at Göttingen. In 2014 Candès was elected
to the National Academy of Sciences and to the
American Academy of Arts and Sciences.

Response from Emmanuel Candès
I owe a great debt of gratitude to the American
Mathematical Society and the Society for Industrial
and Applied Mathematics for selecting me as the
recipient of the George David Birkhoff Prize. One
of the most appealing aspects of receiving a prize
is that one is automatically joining the company
of previous recipients. Here, I cannot think of a
higher honor than being associated with those
distinguished mathematicians who have all shaped
our science over the last fifty years. Incidentally,
I have taught the 1931 Birkhoff ergodic theorem
a countless number of times. Historically, applied mathematics was largely motivated by great
questions in physics. However, the applications of
mathematics keep on expanding, and in the last
few decades we have witnessed the explosion of a
new kind of applied mathematics whose primary
concern is information and data. I wish to thank
Yves Meyer and David Donoho for introducing
to me to the mathematics of information. David
served as my PhD advisor in statistics at Stanford
and gave me the best start any young scholar can
possibly receive in any field—period. If I have any
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taste for problems, I owe it to him. The citation
highlights joint work with Terence Tao and with
my former postdoc Justin Romberg; this distinction is as much theirs at it is mine. In fact, I regard
my collaboration with Terry over the years as one
of the most precious things that has happened to
me. Brad Efron famously said that the advantage
of being a statistician is that you can play in everyone’s backyard. I wish to thank the scientists
and engineers (circuit designers, radiologists,
biophysicists,…) who have allowed me to apply
our theories, making their promise a little more
precise. Finally, I have been blessed with wonderful graduate students and postdocs who have had
a great diversity of backgrounds. These young
collaborators, with whom I have done most of my
work, have enriched me tremendously and taken
me in unexpected directions. I am particularly
grateful to Laurent Demanet, Lexing Ying, Justin
Romberg, Benjamin Recht, Stephen Becker, Yaniv
Plan, Xiaodong Li, Vladislav Voroninski, Mahdi
Soltanolkotabi, Carlos Fernandez Granda, and Rina
Foygel Barber for expanding my research horizons.
My last words are for the love of my life, Chiara
Sabatti, who has played the most important role
in my professional and personal development. I
married up.

About the Prize
The Birkhoff Prize recognizes outstanding contributions to applied mathematics in the highest and
broadest sense and is awarded every three years.
Established in 1967, the prize was endowed by the
family of George David Birkhoff (1884–1944), who
served as AMS President during 1925–1926. The
prize is given jointly by the AMS and the Society
for Industrial and Applied Mathematics (SIAM). The
recipient must be a member of one of these societies. The prize carries a cash award of US$5,000.
The recipient of the Birkhoff Prize is chosen
by a joint AMS-SIAM selection committee. For the
2015 prize, the members of the selection committee were Russel Caflisch, Bjorn E. Engquist, and
Avi Wigderson.
Previous recipients of the Birkhoff Prize are
Jürgen K. Moser (1968), Fritz John (1973), James
B. Serrin (1973), Garrett Birkhoff (1978), Mark
Kac (1978), Clifford A. Truesdell (1978), Paul
R. Garabedian (1983), Elliott H. Lieb (1988), Ivo
Babuška (1994), S. R. S. Varadhan (1994), Paul H.
Rabinowitz (1998), John N. Mather (2003), Charles
S. Peskin (2003), Cathleen S. Morawetz (2006),
Joel Smoller (2009), and Bjorn Engquist (2012).

www.ams.org/mathscinet
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2015 Cole Prize in Algebra

©G. Bergman

∞

Peter Scholze

Peter Scholze was awarded the 2015 Cole Prize
in Algebra at the 121st Annual Meeting of the AMS
in San Antonio, Texas, in January 2015.
Citation
The 2015 Frank Nelson Cole Prize in Algebra
is awarded to Peter Scholze for his work on
perfectoid spaces which has led to a solution of an
important special case of the weight-monodromy
conjecture of Deligne (“Perfectoid spaces”, Publ.
Math. Inst. Hautes Études Sci. 116 (2012), no. 1,
245–313). Scholze has also found other spectacular
applications of perfectoid spaces to p-adic Hodge
theory and the p-adic geometry of Shimura varieties
(and many more are expected).
A perfectoid field K is a complete nonArchimedean field K with characteristic p > 0
residue field and a nondiscrete valuation of rank
1 such that the Frobenius map Φ : OK /p → OK /p
is surjective, where OK ⊂ K is the subring of
elements of norm ≤ 1. To any perfectoid field K,
one can associate a second perfectoid field K [ of
characteristic p given by the fraction field of
{(an )n∈N ∈ (OK /p)

N

p
; an+1

= an

DOI: http://dx.doi.org/10.1090/noti1227

April 2015

∀n}.

For example, if K is the completion of Qp (p1/p ),
∞
then K [ is the completion of Fp ((t))(t 1/p ), and
in this case, by a theorem of Fontaine and Wintenberger, there is a canonical isomorphism of
absolute Galois groups Gal(K̄/K)  Gal(K̄ [ /K [ ). In
his work on perfectoid spaces, Scholze generalizes
this result obtaining a comparison between geometric objects over K and geometric objects over K [ .
More precisely, he defines the notion of perfectoid
space over K (a kind of analytic space over K), and
he shows that the category of perfectoid spaces
over K and that of perfectoid spaces over K [ are
equivalent. This provides a link between geometry
over local fields of mixed characteristic and geometry over local fields of equal characteristic, where
the questions are usually more tractable. Using
the theory of perfectoid spaces, Scholze shows
that Deligne’s weight-monodromy conjecture over
p-adic fields will follow from the known equal
characteristic case if one can show that certain
fractal-like subsets of Pn [ can be approximated by
K

algebraic subvarieties. He also shows that smooth
complete intersection subschemes of toric varieties satisfy this approximation result, and hence
Deligne’s weight-monodromy conjecture holds for
these varieties.
Biographical Sketch
Peter Scholze was born in Dresden, Germany, in
1987. After going to high school at the HeinrichHertz-Oberschule in Berlin, he studied in Bonn,
where he earned his PhD in 2012 under Michael
Rapoport. His thesis was on perfectoid spaces and
the weight-monodromy conjecture. In July 2011 he
was appointed as a Clay Research Fellow for five
years, and in 2012 he obtained a Hausdorff Chair at
the University of Bonn. In 2013 he received the Prix
Peccot of the Collège de France and the SASTRA
Ramanujan Prize. Moreover, he received the Clay
Research Award and was an invited speaker at the
ICM 2014.
Response from Peter Scholze
It is a great honor to receive the 2015 Frank Nelson
Cole Prize in Algebra. Looking back at the list of
previous recipients of the prize, I am humbled to
be named on this list. I am indebted to my advisor
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Michael Rapoport, who not only suggested that I
should work on the weight-monodromy conjecture
but was also convinced that it should be possible
to reduce it to its equal characteristic version after
a very ramified base change. Moreover, I would like
to thank Gerd Faltings for the courses he taught at
the University of Bonn. Although I felt like I never
understood anything in his lectures, I still think
that I learned an enormous amount and am heavily
influenced by them. Finally, I want to thank my
wife, daughter, parents, and friends for everything
they have done for me.
About the Prize
The Cole Prize in Algebra is awarded every three
years for a notable research memoir in algebra that
has appeared during the previous six years. The
awarding of this prize alternates with the awarding
of the Cole Prize in Number Theory, also given
every three years. These prizes were established
in 1928 to honor Frank Nelson Cole (1861–1926)
on the occasion of his retirement as secretary of

426

the AMS after twenty-five years of service. He also
served as editor-in-chief of the Bulletin for twentyone years. The Cole Prize carries a cash award of
US$5,000. The Cole Prize in Algebra is awarded by
the AMS Council acting on the recommendation
of a selection committee. For 2015 the members
of the selection committee were Christopher D.
Hacon, George Lusztig (chair), and Karen E. Smith.
Previous recipients of the Cole Prize in Algebra are: L. E. Dickson (1928), A. Adrian Albert
(1939), Oscar Zariski (1944), Richard Brauer (1949),
Harish-Chandra (1954), Serge Lang (1960), Maxwell
A. Rosenlicht (1960), Walter Feit and John G.
Thompson (1965), John R. Stallings (1970), Richard
G. Swan (1970), Hyman Bass (1975), Daniel G.
Quillen (1975), Michael Aschbacher (1980), Melvin
Hochster (1980), George Lusztig (1985), Shigefumi
Mori (1990), Michel Raynaud and David Harbater
(1995), Andrei Suslin (2000), Aise Johan de Jong
(2000), Hiraku Nakajima (2003), János Kollár (2006),
Christopher Hacon and James McKernan (2009),
and Alexander S. Merkurjev (2012).
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2015 Conant Prize
The 2015 Conant Prize was awarded to Jeffrey
C. Lagarias and Chuanming Zong at the 121st
Annual Meeting of the AMS in San Antonio, Texas,
in January 2015.
Citation
The 2015 Levi L. Conant Prize is awarded to Jeffrey C. Lagarias and Chuanming Zong for their
article “Mysteries in packing regular tetrahedra”,
which appeared in the Notices of the American
Mathematical Society 59 (2012), no. 11, 1540–1549.
Finding the best way to pack regular tetrahedra
into ordinary three-dimensional space is a problem
that goes back to antiquity and remains of great
interest today, both in mathematics and materials
science. Aristotle claimed regular tetrahedra can
fill space with no gaps, but this is false. We still
do not know the densest packing, but progress has
been rapid in recent years. The article by Jeffrey
Lagarias and Chuanming Zong leads the broad
range of the Notices readers through the 2,000-year
history of the subject, including its appearance in
1900 in Hilbert’s eighteenth problem, into its mathematical heart. It uses effective illustrations to
highlight surprising discoveries, new techniques,
and further conjectures.
Biographical Sketch:
Jeffrey C. Lagarias was born in Pittsburgh, Pennsylvania, in 1949. He obtained his SB/SM in 1972
and his PhD in
1974 from the
Massachusetts
Institute of Technology with a
thesis in number
theory under the
direction of Harold M. Stark. He
worked at AT&T
Jeffrey C. Lagarias
Bell Laboratories
from 1974 to 1995 and at AT&T Shannon Laboratories from 1995 to 2003. Since that time he has
been professor of mathematics at the University
of Michigan. He has held visiting positions at the
University of Maryland, Rutgers University (computer science), the University of Paris VII (physics),
and Stanford University. His research spans many
fields, including number theory, optimization,
discrete geometry, and computational topology.
He has given AMS invited addresses in each of
these fields.
DOI: http://dx.doi.org/10.1090/noti1228

April 2015

Response from Jeffrey C. Lagarias
I am grateful for receiving the 2015 Levi L.
Conant Prize for the Notices of the AMS article
with Chuanming Zong. This article was a chance
to describe the incredible history of the problem
of packing space with congruent regular tetrahedra and to present many attractive and elegant
unsolved problems about packing small sets of
regular tetrahedra. My PhD student Elizabeth R.
Chen made a significant contribution with her
2008 paper constructing the then densest-known
packing, which started a flurry of activity in physics and materials science, leading to tremendous
progress on the problem. I am happy that in 2010
she regained, and still holds, the world record for
densest packing of congruent regular tetrahedra
(jointly with Michael Engel and Sharon C. Glotzer).
This problem itself traces back to Aristotle in connection with the physics of the material world. I
was interested to discover that Michael Scot, later
consigned to the second lowest circle of Hell in Dante’s Inferno, and
St. Thomas Aquinas, patron saint
of colleges and of students, each
had connections with the problem.
In writing the article, the historical detective work of Dirk Struik,
together with an English translation of his Dutch article by Marjorie Senechal, and the expertise
of Chuanming were very helpful.
Since Beijing is twelve time zones
from Ann Arbor, I could work Chuanming Zong
on the article all day, email it to
Chuanming, who then could also work on it all day!
I have received help in learning the skill of writing from many people, including my parents, my
advisor Harold M. Stark, and my Bell Labs mentors
and colleagues Ron Graham, Andrew Odlyzko, and
Ingrid Daubechies, to name only a few. To all of the
above, to the AMS, and to the selection committee
for the award, I express my deepest gratitude.
Biographical Sketch
Chuanming Zong was born in Shandong province,
China, in 1962. He obtained his B.S. from Shandong
University, his MS from the Chinese Academy of
Sciences, and his PhD from Technical University
of Vienna. From 1993 to 2000, he worked at the
Chinese Academy of Sciences. Since 2000, he has
been a professor at Peking University. He was
a long-term visitor to IHES (twice), ETH-Zurich,
University College London (twice, a research fellow of the Royal Society), TU-Berlin (an Alexander
von Humboldt Fellow), MSRI, and others. He works
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in geometry of numbers and discrete geometry, in
particular Hilbert’s eighteenth problem. He was
one of the two plenary speakers at Asiacrypt2012
and was a plenary speaker at the 2012 Annual
Meeting of the Chinese Mathematical Society. He
received a Chinese National Science Award in 2009,
a von Prechtl Medal from TU Vienna in 2008, and
an S. S. Chern Prize of the Chinese Mathematical
Society in 2007.
Response from Chuanming Zong
It is a wonderful honor to receive the 2015 Levi
L. Conant Prize from the AMS. In February 1991 I
took the train from Beijing, through Moscow and
Budapest, to Vienna with a dream of making a
mathematical career. It took me seven days, as I recall. In April 1993 I obtained a PhD from TU Vienna,
under the supervision of Professor Peter M. Gruber
and Professor Edmund Hlawka. They were the first
to introduce me to Hilbert’s eighteenth problem,
which was the seed of my scientific work. When
I traveled around the world, I met I. M. Gelfand,
F. Hirzebruch, J. K. Moser, C. A. Rogers, and K. F.
Roth, who had great influence on my mathematical vision and taste. In my mathematical career I
have obtained help and support from Wentsun Wu,
Yuan Wang, Kung-Ching Chang, Boju Jiang, Christian Buchta, William Chen, Weiyue Ding, Weinan
E, Xiaoshan Gao, Richard Gardner, Martin Henk,
Jeff Lagarias, David Larman, Peter Mani-Levitska,
Yiming Long, Monika Ludwig, Zhiming Ma, Shige
Peng, Richard Pollack, Marjorie Senechal, Gang
Tian, Xiaoyun Wang, Joerg Wills, Lo Yang, Guenter
Ziegler, and many others. To all of the above, to
the AMS, and to the selection committee for this
award, I owe my deepest gratitude.
About the Prize
The Conant Prize is awarded annually to recognize
an outstanding expository paper published in
either the Notices of the AMS or the Bulletin of the
AMS in the preceding five years.
Established in 2001, the prize honors the
memory of Levi L. Conant (1857–1916), who was a
mathematician at Worcester Polytechnic Institute.
The prize carries a cash award of US$1,000.
The Conant Prize is awarded by the AMS Council
acting on the recommendation of a selection committee. For the 2015 prize, the members of the
selection committee were John C. Baez, Thomas
F. Banchoff, and John F. Oprea.
Previous recipients of the Conant Prize are:
Carl Pomerance (2001); Elliott Lieb and Jakob
Yngvason (2002); Nicholas Katz and Peter Sarnak
(2003); Noam D. Elkies (2004); Allen Knutson and
Terence Tao (2005); Ronald M. Solomon (2006); Jeffrey Weeks (2007); J. Brian Conrey, Shlomo Hoory,
Nathan Linial, and Avi Wigderson (2008), John W.
Morgan (2009), Bryna Kra (2010), David Vogan
(2011), Persi Diaconis (2012), John Baez and John
Huerta (2013), and Alex Kontorovich (2014).
AMS	

Volume 62, Number 4

2015 Satter Prize
Hee Oh received the 2015 AMS Ruth Lyttle Satter
Prize in Mathematics at the 121st Annual Meeting
of the AMS in San Antonio, Texas, in January 2015.
Citation
The 2015 Ruth Lyttle Satter Prize in Mathematics
is awarded to Hee Oh of Yale University. Oh has
made fundamental contributions to the fields
of dynamics on homogeneous spaces, discrete
subgroups of Lie groups, and applications to
number theory. Oh’s recent work, different parts
jointly with A. Kontorovich, with N. Shah, with
M. Lee, and with A. Mohammadi, has concentrated
on the classical problem of relating Apollonian
circle packings to equidistribution properties for
groups acting on hyperbolic spaces. This work
brings together in a beautiful way dynamics on
homogeneous spaces, the geometry and topology
of three-dimensional manifolds, and various subtle
number-theoretic phenomena, for example the
distribution of primes. The quantitative methods
developed by Oh and her collaborators have found
numerous applications by others.
Biographical Sketch
Hee Oh was born in
1969 and grew up in
Gwang Ju, South Korea.
She obtained her BSc
in mathematics from
Seoul National University in 1992 and received her PhD from
Yale University in 1997,
where her advisor was
Hee Oh
Gregory Margulis. Oh
held faculty positions at Princeton University
(1999–2003), the California Institute of Technology
(2003–2006), and Brown University (2006–2013).
Since the fall of 2013, she has been a professor of
mathematics at Yale University. She has also been
a KIAS scholar at Korea Institute for Advanced
Study since 2008, where she visits every summer.
She was an invited speaker at the International
Congress of Mathematicians in 2010 and gave a
joint invited address at the 2012 AMS-MAA Joint
Mathematics Meeting.
DOI: http://dx.doi.org/10.1090/noti1230

April 2015

Response from Hee Oh
I am very honored to receive the 2015 Ruth Lyttle
Satter Prize in Mathematics. I would like to thank
my PhD advisor Gregory Margulis for his constant
support and encouragement. I am grateful to Peter
Sarnak for sharing with me his enthusiasm and
inspiration, which became the source of many of
my papers. In fact, it was he who introduced to me
the Apollonian circle packings. Since then, I have
been fascinated by the beauty of Kleinian groups,
especially the dynamical aspects of Kleinian manifolds. I would like to express my gratitude to all
the collaborators I have worked with, especially
to Amir Mohammadi, with whom I have been exploring the theory of homogeneous dynamics on
Kleinian manifolds for the last several years. His
energy and friendship have been invaluable.
I am very grateful to my husband Seong-June
for his support and love, and to my beautiful children, Yoony and Joy, for continuing to be proud
that their mom is a mathematician despite her frequently leaving them to the care of their dad while
traveling to conferences and meetings. I wouldn’t
be where I am now without the unimaginable support from my parents. They stayed with me for
several years when my second child Joy was born
in 2006, and I cannot imagine how I would have
managed without their help. My sisters Hyun and
Jin were always there for support, and often counseled me at difficult moments of my life.
Several years ago, my son, Yoony, challenged me
to bring home the Nobel Prize when I challenged
him to obtain the title of grand master in chess.
When I explained to him that there is no Nobel
Prize in mathematics but the Fields Medal, he then
challenged me to win the Fields Medal instead.
I had to excuse myself once again since my age
surpassed the qualifying age limit for the medal. I
am happy to report to him, now a national master,
that I have received a prize of high honor.
I discovered my love of mathematics somewhat late in high school. Although I loved doing
mathematics, overcoming the lack of confidence
was a barrier. I share this in hopes that young
women who love doing mathematics but are not
confident know that they are not alone, and that
being a woman does not have to hinder you from
choosing the life of a mathematician. When I was
a postdoctoral fellow, I happened to read an interview with Karen Uhlenbeck, who shared a similar
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statement about her experience as a female mathematician. This was indeed an encouragement for
me. I was lucky to have parents and teachers who
have never confined me in what I could do because
of my gender. I believe things are changing toward
a positive direction but are still very slow. I hope
this can serve as encouragement for young, bright
women who wish to pursue mathematics, to have
confidence in following their passion.
About the Prize
The Satter Prize is awarded every two years to
recognize an outstanding contribution to mathematics research by a woman in the previous six
years. Established in 1990 with funds donated by
Joan S. Birman, the prize honors the memory of
Birman’s sister, Ruth Lyttle Satter. Satter earned a
bachelor’s degree in mathematics and then joined
the research staff at AT&T Bell Laboratories during
World War II. After raising a family, she received
a PhD in botany at the age of forty-three from the
University of Connecticut at Storrs, where she
later became a faculty member. Her research on
the biological clocks in plants earned her recognition in the United States and abroad. Birman requested that the prize be established to honor her
sister’s commitment to research and to encourage
women in science. The prize carries a cash award
of US$5,000.
The Satter Prize is awarded by the AMS Council
acting on the recommendation of a selection committee. For the 2015 prize, the members of the
selection committee were Benson Farb, Svetlana
Jitomirskaya, and Raman Parimala.
Previous recipients of the Satter Prize are:
Dusa McDuff (1991), Lai-Sang Young (1993),
Sun-Yung Alice Chang (1995), Ingrid Daubechies
(1997), Bernadette Perrin-Riou (1999), Karen E.
Smith (2001), Sijue Wu (2001), Abigail Thompson (2003), Svetlana Jitomirskaya (2005), Claire
Voisin (2007), Laure Saint-Raymond (2009), Amie
Wilkinson (2011), and Maryam Mirzakhani (2013).

Enter program announcements for public
display.
Download data to personal computers for
use in word processing and spreadsheets or
as a full permanent storage file.

Service is FREE to applicants.
Institutions pay annually for
one program or for multiple
programs.
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Umberto Bottazzini received the 2015 AMS
Albert Leon Whiteman Memorial Prize at the 121st
Annual Meeting of the AMS in San Antonio, Texas,
in January 2015.

Citation
The 2015 Albert Leon Whiteman Prize of the
American Mathematical Society is awarded to
Umberto Bottazzini of the University of Milan for
his many works in the history of mathematics,
notably on the rise of modern mathematics in
Italy and on analysis in the nineteenth and early
twentieth centuries.
He is well known for his great attention to primary sources and has written on many aspects of
the community of Italian mathematicians. Several
early papers deal with Enrico Betti, the influence
of Riemann on the Italian mathematicians, and
the creation of the Scuola Normale Superiore
di Pisa. These essays were collected in his book
Va’ pensiero: Immagini della matematica nell’Italia
dell’Ottocento (Il Molino, Bologna, Italy, 1994),
which is a substantial and important analysis that
contributed to a much enhanced recognition of
the role of Italian mathematicians from Betti and
Cremona to Pincherle and Volterra. Then, with
A. Conte and P. Gario, he coedited the CastelnuovoEnriques correspondence (Riposte Armonie: Lettere
di Federigo Enriques a Guido Castelnuovo, Bollati,
Boringhieri, Italy, 1996), and this lifelong interest
in the mathematicians of Italy has recently led to
his book (with Pietro Nastasi) La Patria ci Vuole
Eroi: Matematici e Vita Politica Nell’Italia del Risorgimento (Zanichelli, Turin, Italy, 2013), which discusses the surprisingly extensive involvement of
Italian mathematicians with politics in the decades
before and after the unification of Italy.
His monograph The Higher Calculus: A History
of Real and Complex Analysis from Euler to Weierstrass (English translation, Springer, New York,
1986) is the first book on the history of analysis
to treat the real and complex aspects together, in
keeping with their progress through the nineteenth
century. It combines insights into the mathematics
with a vigorous sensitivity to context and intellectual history, it embraces issues of foundational
importance as they arose in applied mathematics,
and it succinctly captures the lives and interests
DOI: http://dx.doi.org/10.1090/noti1232
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of working mathematicians.
The book marks the start of
his important contributions to
the history of complex function theory, the subject of his
invited address to the International Congress of Mathematicians in Beijing in 2002.
A full-length account (with
Jeremy Gray) of the history of
complex function theory from
its beginnings to 1914 was
published in 2013, entitled
Umberto Bottazinni
Hidden Harmony—Geometric
Fantasies: The Rise of Complex Function Theory
(Springer, New York, 2013). The chapters on Cauchy and Weierstrass alone extend, deepen, and in
many ways rewrite what has been claimed as the
contributions of these two founding fathers of
complex analysis.
Bottazzini is the author of Il Flauto di Hilbert
(UTET, Torino, Italy, 2003), a stimulating history of
mathematics from Newton and Leibniz to Hilbert’s
work and beyond, and of a profound 150-page
analysis of Cauchy’s Cours d’analyse (Editrice,
Bologna, 1990) that is the definitive treatment. For
many years he has maintained a weekly column
on mathematical topics for the Italian newspaper
Il Sole 24 Ore. The range and quality of his contributions are appreciated equally for their historical
subtlety and mathematical insight, and this makes
him a natural recipient of the Whiteman prize.

Photo by Vieri Bottazzini

2015 Whiteman Prize

Biographical Sketch
Umberto Bottazzini studied mathematics at the
University of Milan. After graduation in 1973 his
interests soon turned toward the history of mathematics. He spent two years as assistant professor
at the newly founded University of Calabria (Italy);
then in 1979 he was appointed to the University of
Bologna, where he taught for a decade before moving to the University of Palermo. In 1995 he was a
resident fellow of the Dibner Institute for History
of Science and Technology at the Massachusetts Institute of Technology, and he spent the years from
1996 to 1999 as a fellow of the interdisciplinary
Research Center Beniamino Segre of the Academy
of Lincei in Rome. Since 2004 he has been professor of the history of mathematics at the University
of Milan. His research interests are devoted to the
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history of modern mathematics, and the history of
complex analysis in particular. The latter was the
subject of his invited address to the International
Congress of Mathematicians (ICM) 2002 in Beijing.
In addition he devoted a number of papers and
books to the history of Italian mathematics in the
nineteenth century. For more than twenty-five
years he contributed the Sunday Supplement of the
Italian newspaper Il Sole 24 Ore with a column on
mathematical subjects, and for this activity in 2006
he was awarded the Pitagora Prize from the town
of Crotone for the popularization of mathematics.

support and interest in my work provided by my
colleagues in the mathematical departments where
I happened to be appointed. At the same time, I had
the chance to attend regularly the meetings on the
history of mathematics held at the Mathematisches
Institut Oberwolfach. There I became acquainted
with many colleagues around the world, whose
work has been an important source of inspiration to me. I also wish to thank my students, my
coauthors and coeditors, and above all my wife
and my son, who helped me much more than they
may imagine.

Response from Umberto Bottazzini

About the Prize

I feel deeply honored to receive the 2015 Albert
Leon Whiteman Memorial Prize of the American
Mathematical Society, especially so because as the
fifth recipient I follow such esteemed colleagues
as Thomas Hawkins, Harold Edwards, Jeremy Gray,
and Joseph Dauben. I owe my deepest gratitude to
the selection committee for this award, and to the
American Mathematical Society for its support of
the history of our discipline. In the early 1970s,
when I became attracted by the history of mathematics and committed myself to an academic
career in this area, the history of mathematics was
poorly cultivated in Italy, and historical research
work was hardly given any recognition by the
professional mathematical society. Happily, things
were to change quickly, and I benefited from the

The Whiteman Prize is awarded every three years
to recognize notable exposition and exceptional
scholarship in the history of mathematics. The
prize was established in 1998 using funds donated
by Mrs. Sally Whiteman, in memory of her husband,
the late Albert Leon Whiteman. The prize carries a
cash award of US$5,000.
The Whiteman Prize is awarded by the AMS
Council acting on the recommendation of a selection committee. For the 2015 prize, the members
of the selection committee were Jeremy J. Gray,
John McCleary, and Peter J. Olver.
Previous recipients of the Whiteman Prize are
Thomas Hawkins (2001), Harold M. Edwards (2005),
Jeremy J. Gray (2009), and Joseph W. Dauben (2012).
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Chelkak Awarded 2014
Salem Prize
Dmitry Chelkak of the Steklov Institute of Mathematics,
St. Petersburg, and the ETH Institute for Theoretical Studies has been awarded the 2014 Salem Prize. According to
the prize citation, he was honored “for his contributions
to establishing scaling limits and proving their conformal
invariance and universality for interfaces and lattice fields
in the two-dimensional critical Ising model, which confirmed predictions, originating in theoretical physics, and
also led to new precise results. The developed methods
include discrete analytical estimates in Ahlfors–Beurling
style, probabilistic/combinatorial arguments and spinor
structures.”
The prize, given in memory of Raphael Salem, is
awarded yearly to young researchers for outstanding
contributions to the field of analysis. The prize committee
for the 2014 prize consisted of J. Bourgain, C. Fefferman,
P. Jones, N. Nikolski, G. Pisier, P. Sarnak, and J.-C. Yoccoz.
—From a Salem Prize Committee announcement

Rabinowitz Awarded
Schauder Prize
Paul H. Rabinowitz of the University of WisconsinMadison has been awarded the 2014 Schauder Medal of
the Juliusz P. Schauder Center for Nonlinear Studies at
the Nicolaus Copernicus University in Toru´
n, Poland. The
prize citation reads in part: “Perhaps more than anyone
else, Paul Rabinowitz deeply influenced the field of nonlinear analysis, becoming a true inheritor of the mathematical
legacy of Juliusz Schauder. The famous global bifurcation theorem, the mountain pass, the linking and saddle
theorems, results concerning the existence of periodic
solutions to Hamiltonian systems, variational methods
in the theory of critical points of strongly indefinite
April 2015
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functional under the absence of compactness conditions
of the Palais–Smale type are only some of achievements
of Paul Rabinowitz which have found their place in the
history of mathematics.” The Schauder Medal is awarded
to individuals for their significant achievements related
to topological methods in nonlinear analysis.
—From a Schauder Center announcement

Freiberger Retires from
QAM after 50 Years
In 1965, Walter Freiberger of Brown University became the
managing editor of the Quarterly of Applied Mathematics
(QAM), the first applied mathematics journal to be established in the United States. In November of last year,
Freiberger stopped by the Providence, RI, headquarters
of the AMS to check the proofs for the last issue of the
Quarterly he would oversee. His fifty years at the helm of
the journal must be something of a record.
“The Quarterly has had a long history of publishing
excellent research in applied mathematics, and this success is in no small part due to the dedication of Walter
Freiberger,” said AMS Executive Director Donald McClure.
“In his five decades as managing editor, he made a tremendous contribution both to the mathematical sciences
community and to the AMS. His long-standing service is
greatly appreciated.”
Published by Brown University and distributed by the
AMS, QAM has had a long association with the Society.
The journal was founded in 1943 by William Prager, a
German mathematician who had been recruited to Brown
University by its then-dean, R. G. D. Richardson. Richardson served as secretary of the AMS and also contributed
to the establishment of Mathematical Reviews.
Walter Freiberger served in the Australian Army from
1943 until 1945. He studied mathematics at Melbourne
University, receiving his BA in 1947 and MA in 1949. In
1953, he earned his PhD at Cambridge University, under the
of the
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direction of G. I. Taylor. After three years back in Australia,
he was recruited to the Division of Applied Mathematics
(DAM) at Brown University where he met and married
Brown biology student Christine Holmberg, with whom he
has three sons, Christopher, Andrew, and Nils.
At Brown he eventually came to chair the DAM, a position
he held for six years. His research interests, for which he
was awarded Fulbright and Guggenheim Fellowships, have
included continuum mechanics, scientific computation,
and problems in statistical inference, as well as statistical
problems in public health and in molecular biology. In addition to his service for QAM, Freiberger was instrumental in
starting modern scientific computing at Brown and founding the Center for Statistical Science in the Medical School.
—Allyn Jackson

Kołodziej and Ohsawa
Receive Bergman Prize

Biographical Sketch: Takeo Ohsawa
Takeo Ohsawa is a professor at Nagoya University. He
got his PhD from Kyoto University in 1981. He was at the
Research Institute for Mathematical Sciences in Kyoto
as an assistant professor and as an associate professor
(1978–1990), and then he moved to Nagoya in 1991 as
a full professor. He was in Göttingen (1980–81) and in
Wuppertal (1981–82) as a stipendiary of the Alexander
von Humboldt Foundation. His invited lectures include a
talk at the International Congress of Mathematicians in
Kyoto (1990) and a plenary talk at the annual meeting of
the Mathematical Society of Japan (1996). He has been on
the editorial board of the Journal of Mathematical Society
of Japan (2009–15).

Citation: Sławomir Kołodziej

Sławomir Kołdziej of the Jagiellonian University and
Takeo Ohsawa of Nagoya University have received the
2014 Stefan Bergman Prize. Established in 1988, the prize
recognizes mathematical accomplishments in the areas of
research in which Stefan Bergman worked. Kołdziej and
Ohsawa will equally share US$245,598, which is the 2014
income from the Stefan Bergman Trust.
The previous Bergman Prize winners are: David W. Catlin (1989), Steven R. Bell and Ewa Ligocka (1991), Charles
Fefferman (1992), Yum Tong Siu (1993), John Erik Fornæss
(1994), Harold P. Boas and Emil J. Straube (1995), David
E. Barrett and Michael Christ (1997), John P. D’Angelo
(1999), Masatake Kuranishi (2000), László Lempert and
Sidney Webster (2001), M. Salah Baouendi and Linda Preiss
Rothschild (2003), Joseph J. Kohn (2004), Elias M. Stein
(2005), Kengo Hirachi (2006), Alexander Nagel and Stephen
Wainger (2007-2008), Ngaiming Mok and Duong H. Phong
(2009), Gennadi Henkin (2011), David Jerison and John M.
Lee (2012), and Xiaojun Huang and Steve Zelditch (2013).
On the selection committee for the 2014 prize were
Rafe Mazzeo, Alexander Nagel, and Duong Phong.

Citation: Takeo
Ohsawa
Takeo Ohsawa is recognized for his deep contributions to the theory
–
of the ∂-equation leading
to precise L 2-estimates
for extensions of holomorphic functions from
submanifolds of a complex manifold. His work
has led to important
advances in a wide variety of areas, including
local structure of pluriTakeo Ohsawa subharmonic functions,
434

invariance of plurigenera, multiplier ideal sheaves, and
estimates for the Bergman kernel.
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Sławomir Kołodziej
is recognized for his
seminal contributions
to the complex Monge–
Ampère equation and
pluripotential theory,
including necessary
and sufficient conditions for the existence
of bounded solutions,
stability, and other
sharp estimates. His
works have had profound ramifications in
complex geometry, in
particular on singular
Sławomir Kołodziej
Kähler–Einstein metrics and on the Kähler–Ricci flow.

Biographical Sketch: Sławomir Kołodziej
Sławomir Kołodziej was born in Bielsko–Biała, Poland,
in 1961. He received his PhD in 1989 at the Jagiellonian
University in Kraków, under the supervision of Professor
J. Siciak (who was once invited as postdoc to Stanford by
S. Bergman). Kołodziej has been working at Jagiellonian
University since then. He obtained the professor (state)
title in 2005. He was an invited speaker at 6th European
Congress of Mathematics, which took place in Kraków in
2012. He was awarded the S. Zaremba Prize of the Polish
Mathematical Society in 1999 and was twice awarded the
Prime Minister of Poland Prize, once for the best habilitation and the second time for a scientific achievement. He
is currently a vice president of the Polish Mathematical
Society.

About the Prize

The Bergman Prize honors the memory of Stefan Bergman,
best known for his research in several complex variables,
as well as the Bergman projection and the Bergman kernel
function that bear his name. A native of Poland, he taught
at Stanford University for many years and died in 1977 at
the age of 82. He was an AMS member for 35 years. When
of the
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his wife died, the terms of her will stipulated that funds
should go toward a special prize in her husband’s honor.
The AMS was asked by Wells Fargo Bank of California,
the managers of the Bergman Trust, to assemble a committee to select recipients of the prize. In addition the Society
assisted Wells Fargo in interpreting the terms of the will
to assure sufficient breadth in the mathematical areas in
which the prize may be given. Awards are made every one
or two years in the following areas: (1) the theory of the
kernel function and its applications in real and complex
analysis; and (2) function-theoretic methods in the theory
of partial differential equations of elliptic type with attention to Bergman’s operator method.

Selected Papers of V. S.
Varadarajan
Volumes 2 and 3
Donald G. Babbitt and Ramesh Gangolli, K. R.
Parthasarathy, Indian Statistical Institute, New Delhi,
India, Enrico G. Beltrametti and Gianni Cassinelli,
University of Genova, Italy, Rita Fioresi, Università di
Bologna, Italy, and Anatoly N. Kochubei, National
Academy of Sciences of Ukraine, Kiev, Ukraine, Editors
The current volumes contain the papers on fundamental questions of individual and families of meromorphic differential equations that are treated by a new group theoretic and functional
approach; papers on representation theory of Lie groups; papers
on foundations of physics, supersymmetry, and P-adic aspects of
quantum physical theories; papers on analysis, especially oscillatory integrals, on semi-simple Lie groups, their conjugacy classes,
and their flag manifolds; and finally, several review articles, both
personal and mathematical, on a number of the above topics.

—Allyn Jackson

Clay Research Fellows 2015
The Clay Mathematics Institute is pleased to announce
that James Maynard and John Pardon have been appointed
Clay Research Fellows. James Maynard received his PhD
in 2013 from the University of Oxford under the supervision of Roger Heath-Brown and is currently a Fellow by
Examination at Magdalen College, Oxford. James is primarily interested in classical number theory, in particular the
distribution of prime numbers. His research focuses on
using tools from analytic number theory, particularly sieve
methods, to study primes. James has been appointed as a
Clay Research Fellow for a term of three years beginning
1 July 2015. John Pardon will receive his PhD in 2015
from Stanford University under the supervision of Yakov
Eliashberg. His most recent work concerns the construction of virtual fundamental cycles on moduli spaces of
holomorphic curves in symplectic geometry. He is also
interested in geometry and low-dimensional topology.
John received his AB in Math from Princeton University in
2011. John has been appointed as a Clay Research Fellow
for a term of five years beginning 1 July 2015. For more
information, visit www.claymath.org.

Hindustan Book Agency; 2013; 1366 pages; Hardcover; ISBN:
978-93-80250-57-1; List US$165; AMS members US$132; Order code
HIN/65

Analysis I
Third Edition
Terence Tao, University of California, Los Angeles
This is part one of a two-volume introduction to real analysis and
is intended for honours undergraduates who have already been
exposed to calculus. The material starts at the very beginning—
the construction of the number systems and set theory—then
goes on to the basics of analysis, through to power series, several
variable calculus and Fourier analysis, and finally to the Lebesgue
integral. The entire text is deeply intertwined with exercises and
(omitting some less central topics) can be taught in two quarters
of twenty-five to thirty lectures each.
In the third edition, several typos and other errors have been
corrected and a few new exercises have been added.
Hindustan Book Agency; 2014; 368 pages; Hardcover; ISBN: 97893-80250-64-9; List US$50; AMS members US$40; Order code HIN/66

Analysis II
Third Edition
Terence Tao, University of California, Los Angeles
This is part two of a two-volume introduction to real analysis and
is intended for honours undergraduates who have already been
exposed to calculus. The material starts at the very beginning—
the construction of the number systems and set theory—then
goes on to the basics of analysis, through to power series, several
variable calculus and Fourier analysis, and finally to the Lebesgue
integral. The entire text is deeply intertwined with exercises and
(omitting some less central topics) can be taught in two quarters
of twenty-five to thirty lectures each.
In the third edition, several typos and other errors have been
corrected and a few new exercises have been added.
Hindustan Book Agency; 2014; 236 pages; Hardcover; ISBN: 97893-80250-65-6; List US$40; AMS members US$32; Order code HIN/67

Publications of Hindustan Book Agency are distributed within the
Americas by the American Mathematical Society. Maximum discount
of 20% for all commercial channels.
Order Online:
www.ams.org/bookstore
Order by Phone:
(800)321-4267 (U.S. & Canada),
(401)455-4000 (Worldwide)
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Mathematics Opportunities
Math in Moscow Scholarship
Program

Call for Proposals for
Poincaré Chair

The Math in Moscow program at the Independent University of Moscow (IUM) was created in 2001 to provide foreign students (primarily from the United States, Canada,
and Europe) with a semester-long, mathematically intensive program of study in the Russian tradition of teaching
mathematics, the main feature of which has always been
the development of a creative approach to studying mathematics from the outset—the emphasis being on problem
solving rather than memorizing theorems. Indeed, discovering mathematics under the guidance of an experienced
teacher is the central principle of the IUM, and the Math
in Moscow program emphasizes in-depth understanding
of carefully selected material rather than broad surveys of
large quantities of material. Even in the treatment of the
most traditional subjects, students are helped to explore
significant connections with contemporary research topics. The IUM is a small, elite institution of higher learning
focusing primarily on mathematics that was founded in
1991 at the initiative of a group of well-known Russian
research mathematicians, who now compose the Academic Council of the university. Today, the IUM is one of
the leading mathematical centers in Russia. Most of the
Math in Moscow program’s teachers are internationally
recognized research mathematicians, and all of them have
considerable teaching experience in English, typically in
the United States or Canada. All instruction is in English.
With funding from the National Science Foundation
(NSF), the AMS awards five scholarships each semester to
US students to attend the Math in Moscow program. To
be eligible for the scholarships, students must be either
US citizens or enrolled at a US institution at the time they
attend the Math in Moscow program. Students must apply
separately to the IUM’s Math in Moscow program and to
the AMS Math in Moscow Scholarship program. Undergraduate or graduate mathematics or computer science
majors may apply. The deadlines for applications for the
scholarship program are April 15, 2015, for the fall 2015
semester and September 15, 2015, for the spring 2016
semester.
Information and application forms for Math in Moscow
are available on the Web at www.mccme.ru/mathinmoscow,
or by writing to: Math in Moscow, P.O. Box 524,
Wynnewood, PA 19096; fax: +7095-291-65-01; email: mim@
mccme.ru . Information and application forms for the AMS
scholarships are available on the AMS website at www.ams.
org/programs/travel-grants/mimoscow , or by writing
to: Math in Moscow Program, Membership and Programs
Department, American Mathematical Society, 201 Charles
Street, Providence RI 02904-2294; email student-serv@
ams.org.

Institut Henri Poincaré (IHP), supported by funding from
the Clay Mathematics Institute, is seeking proposals for
the Poincaré Chair, intended to support the research of
mathematicians of great promise in the early stages of
their careers. The program supports six to twelve months
of research with no teaching duties. Proposals are being
accepted for the 2016–2017 academic year. The deadline
for proposals is June 1, 2015. For further information, see
the website www.ihp.fr/en/PoincareChair.

—AMS Membership and Programs Department
436

Notices
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Call for Proposals for
2016 NSF-CBMS Regional
Conferences
The NSF-CBMS Regional Research Conferences in the Mathematical Sciences are a series of five-day conferences, each
of which features a distinguished lecturer delivering ten
lectures on a topic of important current research in one
sharply focused area of the mathematical sciences. The
Conference Board of the Mathematical Sciences (CBMS)
publicizes the conferences and administers the resulting
publications. Support is provided for about thirty participants at each conference. Proposals should address the
unique characteristics of the NSF-CBMS conferences, which
can be found at www.nsf.gov/pubs/2013/nsf13550/
nsf13550.htm. The deadline for full proposals is
April 24, 2015. See the above website for full information.
—From an NSF announcement

NSF Enriched Doctoral
Training in the
Mathematical Sciences
The Division of Mathematical Sciences (DMS) of the National Science Foundation (NSF) welcomes proposals for
Enriched Doctoral Training in the Mathematical Sciences
(EDT). The long-range goal of the program is to strengthen
the nation’s scientific competitiveness by increasing the
number of well-prepared US citizens, nationals, and permanent residents who pursue careers in the mathematical
sciences and in other professions in which expertise in the
mathematical sciences plays an increasingly important
role. The EDT program will achieve this by supporting
efforts to enrich research training in the mathematical
sciences at the doctoral level by preparing PhD students
of the
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to recognize and find solutions to mathematical challenges arising in other fields and in areas outside today’s
academic setting. Graduate research training activities
supported by EDT will prepare participants for a broader
range of mathematical opportunities and career paths
than has been traditional in US mathematics doctoral
training.
The deadline for proposals is July 8, 2015. For more
information and a list of cognizant program directors,
see the website www.nsf.gov/pubs/2014/nsf14589/
nsf14589.htm.
—From a DMS announcement

NSF-CBMS Regional
Conferences 2015
With funding from the National Science Foundation (NSF),
the Conference Board of the Mathematical Sciences (CBMS)
will hold three NSF-CBMS Regional Research Conferences
during the summer of 2015. These conferences are intended to stimulate interest and activity in mathematical
research. Each five-day conference features a distinguished lecturer who delivers ten lectures on a topic of
important current research in one sharply focused area of
the mathematical sciences. The lecturer subsequently prepares an expository monograph based on these lectures.
Support for about thirty participants will be provided
for each conference. Both established researchers and
interested newcomers, including postdoctoral fellows
and graduate students, are invited to attend. Information
about an individual conference may be obtained by contacting the conference organizer. The conferences to be
held in 2015 follow.
June 8–12, 2015: The Basic Homotopy Lemma, The
Asymptotic Uniqueness Theorem, and the Classification of
C*-Algebras. Huaxin Lin, lecturer. University of Wyoming.
Organizers: Zhuang Niu, 307-761-0519, zniu@uwyo.edu;
and Farhad Jafari, 307-766-2383, fjafari@uwyo.edu.
Conference website: www.uwyo.edu/zniu/rmmc/site/
cbms.html.
July 27–31, 2015: Reflectionless Measures, Wolff’s
Potentials, and Rectifiability. Fedor Nazarov, lecturer.
North Dakota State University. Organizer: Maria AlfonsecaCubero, 701-231-8254, maria.alfonseca@ndsu.edu.
Conference website: www.ndsu.edu/pubweb/~alfonsec/
CBMS2015.html.
August 10–15, 2015: Introduction to the Theory of
Valuations on Convex Sets. Semyon Alesker, lecturer.
Kent State University. Organizers: Benjamin Jaye, 330-6722070, bjaye@kent.edu; Dmitry Ryabogin; and Artem
Zvavitch, 330-672-3316, zvavitch@math.kent.edu.
Conference website: www.math.kent.edu/~zvavitch/
CBMS.

AWM M. Gweneth
Humphreys Award
The Association for Women in Mathematics (AWM) sponsors the M. Gweneth Humphreys Award to recognize outstanding mentorship activities. This prize will be awarded
annually to a mathematics teacher (female or male) who
has encouraged female undergraduate students to pursue
mathematical careers and/or the study of mathematics at
the graduate level. The recipient will receive a cash prize
and honorary plaque and will be featured in an article in
the AWM newsletter. The award is open to all regardless
of nationality and citizenship. Nominees must be living
at the time of their nomination.
The deadline for nominations is April 30, 2015. For
details, see www.awm-math.org, telephone 703-934-0163,
or email awm@awm-math.org.
—From an AWM announcement

Call for Nominations for the
2016 Hans Schneider Prize
of the International Linear
Algebra Society
The International Linear Algebra Society (ILAS) is seeking
nominations for its 2016 Hans Schneider Prize. The prize
is awarded every three years for research, contributions,
and achievements at the highest level of Linear Algebra.
The Prize may be awarded for an outstanding scientific
achievement or for lifetime contribution. The Prize consists of a plaque and a certificate containing the citation,
along with an invitation to give a lecture at its meeting in
Leuven, Belgium, July 11–15, 2016.
Nominations should include a brief biographical sketch,
and a statement explaining why the nominee is considered
worthy of the prize, including references to publications or
other contributions of the nominee which are considered
most significant in making this assessment. The chair of
the prize committee is Richard A. Brualdi of the University of Wisconsin-Madison. Nominations should be sent
to brualdi@math.wisc.edu by December 1, 2015. For
more information see the ILAS homepage: ilasic.org.
—Richard A. Brualdi

—From a CBMS announcement
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AMS Hosts
Congressional
Briefing
The AMS held its annual Congressional Briefing on December 10,
2014, in Washington, DC. Robert
Ghrist, Andrea Mitchell University
Professor of Mathematics and Electrical/Systems Engineering at the
Robert Ghrist University of Pennsylvania, gave the
presentation on “The Future of Mathematics: Education
and Innovation”. The briefing addressed the role of innovation both in research (cutting-edge fields of inquiry)
and education (through, e.g., online courses and MOOCs),
giving a glimpse at the future of mathematics.
Professor Ghrist cited the numerous and daunting scientific and technological challenges that the United States
must solve to guarantee long-term health, prosperity, and
peace. He spoke about how mathematics has been a key ingredient in the past to breakthrough solutions—spawning
cryptography, computer science, and data analysis—and
how novel challenges will demand novel mathematics,
created and communicated.
The AMS holds annual congressional briefings as
a means to communicate information to policymakers. Speakers discuss the importance of mathematics
research and present their work in layman’s terms to Congressional staff as a way to inform members of Congress
of how mathematics impacts today’s important issues.
—AMS Washington Office

—AMS Washington Office

From the AMS Public
Awareness Office
Joint Mathematics Meetings (JMM) 2015 Highlights and
Media Coverage. The Joint Mathematics Meetings in San
Antonio drew over
6,000 attendees.
KSAT, the San Antonio ABC affiliate,
covered Who Wants
to Be a Mathematician and the meeting on its January 12
nightly news. A story
on the game ran on
page 2 of the JanuWWTBAM 2015 champ, Sam
ary 13 edition of the
Korsky (l), and runner-up,
Shyam Narayanan (r).
San Antonio ExpressNews. w w w . k s a t .
com/content/pns/ksat/news/2015/01/12/alamocity-hosts-national-teen-math-competition0.
html
CCTV America, a China-based news service, did a story
on Chuanming Zong, cowinner with Jeffrey Lagarias
of the 2015 Conant Prize. Both Zong and AMS President David Vogan were interviewed in the JMM press
room for the story. english.cntv.cn/2015/01/15/
VIDE1421267877907164.shtml
Three former AMS-AAAS Media Fellows—Adriana
Salerno, Anna Haensch, and Joshua Batson—posted
several items daily about events at the meetings on the
JMM 2015 Blog. blogs.ams.org/jmm2015/
If you are on Twitter, see #JMM15.

•

•

AMS Holds Department
Chairs Workshop
The American Mathematical Society held its annual
Department Chairs Workshop on January 9, 2015, just
prior to the Joint Mathematics Meetings in San Antonio,
Texas. This year’s workshop drew fifty-five participants to
discuss ways to make a difference as department chairs,
creating alliances that work, successful assessment strategies, and improving undergraduate education.
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The workshop was led by Matthew Ando, University of
Illinois at Urbana-Champaign; William (Bus) Jaco, Oklahoma State University; Michel Smith, Auburn University;
and Judy Walker, University of Nebraska-Lincoln.
The workshop format is intended to stimulate discussion among peers, to facilitate the sharing of ideas and
experiences, and to examine department challenges from
different perspectives.

Photo by Goen South.

Photo by Scavone Photography.
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Also see MAA’s Storify that captures some of the social
media activity at JMM.
https://storify.com/MAA/2015-joint-mathematicsmeetings
Conversation on Nonacademic Employment. Panelists in
the session at JMM 2015 talked about how they got their
jobs and how they use mathematical sciences in their
“BIG” jobs (in business, industry and government). www.
ams.org/news?news_id=2545

•

Deaths of AMS Members
David W. Bressler, of Davis, California, died on
June 14, 2013. Born on September 7, 1923, he was a member of the Society for 57 years.
Sergio Console, professor, University of Torino, died
on November 4, 2013. Born on February 23, 1965, he was
a member of the Society for 16 years.
David Gregory, of Ontario, Canada, died on July 12,
2013. Born on March 3, 1942, he was a member of the
Society for 47 years.
J. W. Jaworowski, professor, Indiana University, died
on April 10, 2013. Born on March 2, 1928, he was a member
of the Society for 52 years.
Jean Jacques Moreau, professor, University of Montpellier II, France, died on January 9, 2014. Born on
July 31, 1923, he was a member of the Society for 52 years.

Sylvia Chin-Pi Lu, of San Jose, California, died on July
16, 2014. Born on March 11, 1928, she was a member of
the Society for 52 years.
Harriet Ann Padberg, of Atherton, California, died
on January 2, 2014. Born on November 13, 1922, she was
a member of the Society for 61 years.
Helmut Rohrl, of La Jolla, California, died on January 30, 2014. Born on March 22, 1927, he was a member
of the Society for 55 years.
Bernard D. Rudin, of Petaluma, California, died on
December 21, 2013. Born on November 18, 1927, he was
a member of the Society for 28 years.
Harold N. Shapiro, of Teaneck, New Jersey, died on
December 12, 2013. Born on October 2, 1922, he was a
member of the Society for 51 years.
Sankatha P. Singh, of Ontario, Canada, died on
March 28, 2013. Born on January 27, 1937, he was a member of the Society for 48 years.
Mark R. Solomon, of Troy, Michigan, died on March 9,
2013. Born on August 23, 1945, he was a member of the
Society for 5 years.
Garth H. M. Thomas, of Saskatoon, Canada, died on
May 22, 2014. Born on August 4, 1926, he was a member
of the Society for 64 years.
James R. Ward Jr., professor, University of Alabama
at Birmingham, died on March 25, 2013. Born on August 2, 1944, he was a member of the Society for 38 years.
Joscar Wesler, of West Palm Beach, Florida, died on
November 21, 2013. Born on July 13, 1921, he was a member of the Society for 52 years.

For Your Information
A. Everett Pitcher Lectures
Professor Wendelin Werner will give the A. Everett Pitcher Lectures April 13–15, 2015 at Lehigh University, Bethlehem,
Pennsylvania.
The titles of the three lectures Werner will be delivering are: "Drawing at Random," "Coloring at Random, and "Kneading at Random."
Werner is a French mathematician who was born in Cologne, Germany in 1968. He is currrently a professor at ETH
Zürich. Among other things, he works on the random continuous two-dimensional structures that emerge in a number
of different instances and which are related to several parts of mathematics and theoretical physics. He has received
many awards for his research, including the Rollo Davidson prize in 1998, the Fermat Prize in 2001, the Loève Prize in
2005, the George Pólya prize, and the Fields Medal in 2006.
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“For me, MathSciNet is utterly indispensable…helping me
provide students with context and…an idea of current
questions and trends of thought.”
—Nick Gill, Visiting Professor at
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As part of its mission to promote mathematics research around the world, the AMS
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Reference and Book List
The Reference section of the Notices
is intended to provide the reader
with frequently sought information in
an easily accessible manner. New
information is printed as it becomes
available and is referenced after the
first printing. As soon as information
is updated or otherwise changed, it
will be noted in this section.

Contacting the Notices
The preferred method for contacting
the Notices is electronic mail. The
editor is the person to whom to send
articles and letters for consideration.
Articles include features, memorials,
communications, opinion pieces, and
book reviews. The editor is also the
person to whom to send news of unusual interest about other people’s
mathematics research.
The production editor is the person to whom to send items for “Mathematics People”, “Mathematics Opportunities”, “For Your Information”,
“Reference and Book List”, and “Mathematics Calendar”.
Permissions requests should be
sent to: reprint-permission@ams.
org.
Contact the editor at: notices@
math.wustl.edu or by fax: at 314935-6839.
Contact the production editor at:
notices@ams.org or by fax: at 401331-3842. Postal addresses for both
may be found in the masthead.

program. See the website www.ams.
org/programs/travel-grants/
AMS-SimonsTG or contact Steven Ferrucci, email: ams-simons@ams.org,
telephone: 800-321-4267, ext. 4113.
March 31, 2015: Applications for
IPAM graduate summer school on
Games and Contracts for Cyber-Physical Security. See the website www.
ipam.ucla.edu .
April 15, 2015: Applications for
Project NExT fellowships. See the
Project NExT website, archives.
m a t h . u t k . e d u / p r o j n e x t / , or
contact David Kung, Director, at
projectnext@maa.org.

April 15, 2015: Nominations
for 2015 Ostrowski Prize. See
www.ostrowski.ch/index_e.
php?ifile=preis .
April 15, 2015: Applications for
fall 2015 semester of Math in Moscow. See www.mccme.ru/mathinmoscow, or contact: Math in Moscow,
P.O. Box 524, Wynnewood, PA 19096;
fax: +7095-291-65-01; email: mim@
mccme.ru . Information and application forms for the AMS scholarships
are available on the AMS website at
www.ams.org/programs/travelgrants/mimoscow , or contact: Math
in Moscow Program, Membership

Where to Find It
A brief index to information that appears in this and previous issues of the Notices.

AMS Bylaws—November 2013, p. 1358
AMS Email Addresses—February 2015, p. 179
AMS Governance 2014—June/July 2014, p. 650
Contact Information for Mathematical Institutes—August 2014,
p. 786
Conference Board of the Mathematical Sciences—September 2014,
p. 916
IMU Executive Committee—December 2014, p. 1370
Information for Notices Authors—June/July 2014, p. 646
National Science Board—January 2015, p. 71
NRC Board on Mathematical Sciences and Their Applications—March
2014, p. 305

Upcoming Deadlines

NSF Mathematical and Physical Sciences Advisory Committee—February

March 31, 2015: Nominations for
the Graham Wright Award for Distinguished Service of the Canadian
Mathematical Society. See the website
cms.math.ca/Prizes/dis-nom .
March 31, 2015: Applications
for AMS-Simons Travel Grants

2014, p. 202

April 2015

Program Officers for Federal Funding Agencies—October 2013,
p. 1188 (DoD, DoE); December 2014, p. 1369 (NSF Mathematics Education)
Program Officers for NSF Division of Mathematical Sciences—November 2014, p. 1264
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and Programs Department, American
Mathematical Society, 201 Charles
Street, Providence RI 02904-2294;
email: student-serv@ams.org .
April 24, 2015: Full proposals for
2016 NSF-CBMS Regional Research
Conferences. See “Mathematics Opportunities” in this issue.
April 30, 2015: Nominations for
AWM Gweneth Humphreys Award.
See “Mathematics Opportunities” in
this issue.
May 1, 2015: Applications for May
review for National Academies Research Associateship programs. See
sites.nationalacademies.org/
PGA/RAP/PGA_050491 or contact
Research Associateship Programs,
National Research Council, Keck 568,
500 Fifth Street, NW, Washington, DC
20001; telephone: 202-334-2760; fax:
202-334-2759; email: rap@nas.edu.
May 1, 2015: Applications for
AWM Travel Grants and Mathematics
Education Research Travel Grants.
See https://sites.google.com/
site/awmmath/programs/travelgrants ; telephone: 703-934-0163; or
email: awm@awm-math.org ; or contact Association for Women in Mathematics, 11240 Waples Mill Road,
Suite 200, Fairfax, VA 22030.
June 1, 2015: Proposals for IHP
Poincaré Chair. See “Mathematics
Opportunities” in this issue.
July 8, 2015: Proposals for NSF
Enriched Doctoral Training in the
Mathematical Sciences program. See
“Mathematics Opportunities” in this
issue.
August 1, 2015: Applications
for August review for National
Academies Research Associateship programs. See s i t e s .
nationalacademies.org/PGA/RAP/
PGA_050491 or contact Research
Associateship Programs, National
Research Council, Keck 568, 500 Fifth
Street, NW, Washington, DC 20001;
telephone: 202-334-2760; fax: 202334-2759; email: rap@nas.edu.
September 15, 2015: Applications
for 2016 semester of Math in Moscow.
See “Mathematics Opportunities” in
this issue.
October 1, 2015: Applications
for AWM Travel Grants and Mathematics Education Research Travel
Grants. See https://sites.google.
com/site/awmmath/programs/
442

travel-grants ; telephone: 703-9340163; or email: awm@awm-math.org;
or contact Association for Women
in Mathematics, 11240 Waples Mill
Road, Suite 200, Fairfax, VA 22030.
November 1, 2015: Applications for November review for National Academies Research Associateship programs. See s i t e s .
nationalacademies.org/PGA/RAP/
PGA_050491 or contact Research
Associateship Programs, National
Research Council, Keck 568, 500 Fifth
Street, NW, Washington, DC 20001;
telephone: 202-334-2760; fax: 202334-2759; email: rap@nas.edu.

Book List
The Book List highlights recent 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
may be sent to notices-booklist@
ams.org.
*Added to “Book List” since the
list’s last appearance.
Alan M. Turing: Centenary Edition,
by Sara Turing. Cambridge University Press, April 2012. ISBN-13: 97811070-205-80. (Reviewed September
2014.)
Alan Turing: The Enigma, The Centenary Edition, by Andrew Hodges.
Princeton University Press, May
2012. ISBN-13: 978-06911-556-47.
(Reviewed September 2014.)
Alan Turing: His Work and Impact,
edited by S. Barry Cooper and J. van
Leeuwen. Elsevier, May 2013. ISBN13: 978-01238-698-07. (Reviewed
September 2014.)
Alan Turing’s Electronic Brain:
The Struggle to Build the ACE, the
World’s Fastest Computer, by B. Jack
Copeland et al. Oxford University
Press, May 2012. ISBN-13: 978-019-960915-4. (Reviewed September
2014.)
André-Louis Cholesky: Mathematician, Topographer and Army Officer,
by Claude Brezinski and Dominique
Tournès. Birkhäuser, August 2014.
ISBN: 978-33190-813-42.
Arnold: Swimming Against the
Tide, edited by Boris A. Khesin and
Serge L. Tabachnikov. AMS, September 2014. ISBN-13: 978-14704-169-97.
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*Automate This: How Algorithms
Took Over Our Markets, Our Jobs, and
the World, by Christopher Steiner.
Portfolio Trade August 2013. ISBN13:978-15918-465-29.
Baroque Science, by Ofer Gal and
Raz Chen-Morris. University of Chicago Press, March 2013. ISBN-13:
978-02262-129-82.
Beating the Odds: The Life and
Times of E. A. Milne, by Meg Weston.
Imperial College Press, June 2013.
ISBN-13: 978-18481-690-74.
Beautiful Geometry, by Eli Maor
and Eugen Jost. Princeton University
Press, January 2014. ISBN-13: 97806911-509-94.
Beyond Banneker: Black Mathematicians and the Paths to Excellence,
by Erica N. Walker. State University
of New York Press, June 2014.
ISBN-13: 978-14384-521-59.
Combinatorics: Ancient and Modern, by Robin Wilson and John J. Watkins. Oxford University Press, August
2013. ISBN-13: 978-01996-565-92.
*The Computing Universe: A Journey through a Revolution, by Tony
Hey and Gyuri Pápay. Cambridge
University Press, December 2014.
ISBN-13: 978-05211-501-87.
A Curious History of Mathematics:
The Big Ideas from Early Number
Concepts to Chaos Theory, by Joel
Levy. Andre Deutsch, February 2014.
ISBN-13: 978-02330-038-56.
Doing Data Science: Straight Talk
from the Frontline, by Rachel Schutt
and Cathy O’Neil. O’Reilly Media, November 2013. ISBN: 978-1-449-358655. (Reviewed October 2014.)
*Doing Mathematics: Convention,
Subject, Calculation, Analogy, by Martin H. Krieger. World Scientific, Second
Edition, 2015. ISBN-13: 978-981-457183-8.
*Einstein's Dice and Schrödinger's
Cat: How Two Great Minds Battled
Quantum Randomness to Create a
Unified Theory of Physics, by Paul
Halpern. Basic Books, April 2015.
ISBN-13: 978-04650-757-13.
*Electricity and Magnetism for
Mathematicians: A Guided Path from
Maxwell's Equations to Yang-Mills, by
Thomas A. Garrity. Cambridge University Press, January 2015. ISBN-13:
978-11074-351-62.
Enlightening Symbols: A Short History of Mathematical Notation and
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Its Hidden Powers, by Joseph Mazur.
Princeton University Press, March
2014. ISBN-13: 978-06911-546-33.
(Reviewed February 2015.)
Experiencing Mathematics: What
Do We Do, When We Do Mathematics?, by Reuben Hersh. AMS, February
2014. ISBN-13: 978-08218-942-00.
*The Fascinating World of Graph
Theory, by Arthur Benjamin, Gary
Chartrand, and Ping Zhang. Princeton
University Press January 2015. ISBN13: 978-06911-638-19.
Fifty Visions of Mathematics, edited
by Sam Parc. Oxford University Press,
July 2014. ISBN-13: 978-01987-01811.
*Finding Zero: A Mathematician's
Odyssey to Uncover the Origins of
Numbers, by Amir D. Aczel. Palgrave
Macmillan Trade, January 2015. ISBN13: 978-11372-798-42.
The Formula: How Algorithms
Solve All Our Problems—And Create More, by Luke Dormehl. Perigee
Trade, November 2014. ISBN-13:97803991-705-39.
Four Lives: A Celebration of Raymond Smullyan, edited by Jason
Rosenhouse. Dover Publications,
February 2014. ISBN-13: 978-04864906-70.
Fractals: A Very Short Introduction,
by Kenneth Falconer. Oxford University Press, December 2013. ISBN-13:
978-01996-759-82.
From Mathematics in Logic to Logic
in Mathematics: Boole and Frege, by
Aliou Tall. Docent Press, July 2014,
ISBN-13: 978-0-9887449-7-4.
*The Goddess of Small Victories, by
Yannick Grannec. Other Press, October 2014. ISBN-13: 978-15905-163-62.
The Grapes of Math: How Life Reflects Numbers and Numbers Reflect Life, by Alex Bellos. Simon and
Schuster, June 2014. ISBN: 97814516-400-90.
*Great Mathematics Books of the
Twentieth Century: A Personal Journal, by Lizhen Ji. International Press
of Boston, April 2014. ISBN-13: 97815714-628-31.
A History in Sum: 150 Years of
Mathematics at Harvard (1825–1975),
by Steve Nadis and Shing-Tung Yau.
Harvard University Press, October
2013. ISBN-13: 978-06747-250-03.
(Reviewed June/July 2014.)
April 2015

The Improbability Principle:
Why Coincidences, Miracles, and
Rare Events Happen Every Day, by
David J. Hand. Scientific American/
Farrar, Straus and Giroux, February
2014. ISBN-13: 978-03741-753-44.
(Reviewed December 2014.)
Infinitesimal: How a Dangerous
Mathematical Theory Shaped the
Modern World, by Amir Alexander.
Scientific American/Farrar, Straus
and Giroux, April 2014. ISBN-13: 97803741-768-15.
James Clerk Maxwell: Perspective on
his Life and Works, edited by Raymond
Flood Mark McCartney, and Andrew
Whitaker. Oxford University Press,
March 2014. ISBN-13: 978-01996-64375.
Jane Austen, Game Theorist, by
Michael Suk-Young Chwe. Princeton
University Press, April 2013. ISBN-13:
978-06911-557-60.
L. E. J. Brouwer—Topologist, Intuitionist, Philosopher: How Mathematics Is Rooted in Life, by Dirk van Dalen.
Springer (2013 edition), December
2012. ISBN-13: 978-14471-461-55.
(Reviewed June/July 2014.)
Levels of Infinity: Selected Writings
on Mathematics and Philosophy, by
Hermann Weyl (edited and with an
introduction by Peter Pesic). Dover
Publications, January 2013. ISBN: 97804864-890-32.
The Logic of Infinity, by Barnaby
Sheppard. Cambridge University Press,
May 2014. ISBN-13: 978-11076-786-68.
Love and Math: The Heart of Hidden
Reality, by Edward Frenkel. Basic Books,
October 2013. ISBN-13: 978-04650507-41. (Reviewed October 2014.)
Math Bytes: Google Bombs, Chocolate-Covered Pi, and Other Cool Bits in
Computing, by Tim Chartier. Princeton University Press, April 2014.
ISBN-13: 978-06911-606-03.
Mathematical Expeditions: Exploring Word Problems Across the Ages,
by Frank J. Swetz. Johns Hopkins
University Press, June 2012. ISBN:
978-14214-043-87.
Mathematical Understanding of
Nature: Essays on Amazing PhysicalPhenomena and Their Understanding
by Mathematicians, by V. I. Arnold.
AMS, September 2014. ISBN-13: 97814704-170-17.
The Mathematician’s Shiva, by
Stuart Rojstaczer. Penguin Books,
Notices

of the

AMS

September 2014. ISBN-13: 978014312-631-7.
Mathematics and the Making of
Modern Ireland: Trinity College Dublin from Cromwell to the Celtic Tiger,
by David Attis. Docent Press, October
2014, ISBN-13:978-0-9887449-8-1.
Mathematics and the Real World:
The Remarkable Role of Evolution in
the Making of Mathematics, by Zvi
Artstein. Prometheus Books, September 2014. ISBN-13: 978-16161-409-15.
The Mathematics Devotional: Celebrating the Wisdom and Beauty of
Mathematics, by Clifford Pickover.
Sterling, November 2014. ISBN-13:
978-14549-132-21.
Mathematics of the Transcendental, by Alain Badiou (translated by
A. J. Bartlett and Alex Ling). Bloomsbury Academic, March 2014. ISBN-13:
978-14411-892-40.
*Mathematics without Apologies:
Portrait of a Problematic Vocation, by
Michael Harris. Princeton University
Press, January 2015. ISBN-13:97806911-542-37.
A Mind For Numbers: How to Excel
at Math and Science (Even If You
Flunked Algebra), by Barbara Oakley. Tarcher, July 2014. ISBN-13:97803991-652-45.
*My Life and Functions, by Walter
K. Hayman. Lulu.com, October 2014.
ISBN-13: 978-13260-302-09.
The New York Times Book of Mathematics: More Than 100 Years of
Writing by the Numbers, edited by
Gina Kolata. Sterling, June 2013.
ISBN-13: 978-14027-932-26. (Reviewed May 2014.)
Numbers Are Forever, by Liz Strachan. Constable, March 2014. ISBN13: 978-14721-110-43.
On Leibniz: Expanded Edition, by
Nicholas Rescher. University of Pittsburgh Press, June 2013. ISBN-13:
978-08229-621-82.
Origins of Mathematical Words: A
Comprehensive Dictionary of Latin,
Greek, and Arabic Roots, by Anthony
Lo Bello. Johns Hopkins University
Press, November 2013. ISBN-13: 97814214-109-82.
Parables, Parabolas and Catastrophes: Conversations on Mathematics, Science and Philosophy, by
René Thom. Translated by Roy Lisker
and edited by S. Peter Tsatsanis.
Thombooks Press, November 2014
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(distributed only by amazon.ca or
amazon.com). ISBN-13:978-09939269-07.
The Perfect Theory: A Century of
Geniuses and the Battle over General Relativity, by Pedro G. Ferreira.
Houghton Mifflin Harcourt, February
2014. ISBN-13: 978-05475-548-91.
Philosophy of Mathematics in
the Twentieth Century, by Charles
Parsons. Harvard University Press,
March 2014. ISBN-13: 978-06747280-66.
Pearls from a Lost City: The Lvov
School of Mathematics, by Roman
Duda (translated by Daniel Davies).
AMS, July 2014. ISBN-13: 978-14704107-66.
Probably Approximately Correct:
Nature’s Algorithms for Learning
and Prospering in a Complex World,
by Leslie Valiant. Basic Books, June
2013. ISBN-13: 978-04650-327-16.
(Reviewed November 2014.)
Professor Stewart's Casebook of
Mathematical Mysteries, by Ian Stewart. Basic Books, October 2014. ISBN13: 978-04650-549-78.
Quantum Computing since Democritus, by Scott Aaronson. Cambridge
University Press, March 2013. ISBN13: 978-05211-995-68. (Reviewed
November 2014.)
Ramanujan’s Place in the World
of Mathematics: Essays Providing a
Comparative Study, by Krishnaswami
Alladi. Springer, 2013. ISBN: 97881322-076-65.
The Simpsons and Their Mathematical Secrets, by Simon
Singh. Bloomsbury, October 2013.
ISBN-13: 978-14088-353-02. (Reviewed January 2015.)
Struck by Genius: How a Brain Injury Made Me a Mathematical Marvel,
by Jason Padgett and Maureen Ann
Seaberg. Houghton Mifflin Harcourt,
April 2014. ISBN-13: 978-05440-45606.
Synthetic Philosophy of Contemporary Mathematics, by Fernando
Zalamea. Urbanomic/Sequence Press,
January 2013. ISBN: 978-09567750-16.
*Taming the Unknown: A History
of Algebra from Antiquity to the Early
Twentieth Century, by Victor J. Katz
and Karen Hunger Parshall. Princeton
University Press, July 2014. ISBN-13:
978-06911-490-59.
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The Tower of Hanoi: Myths and
Maths, by Andreas M. Hinz, Sandi
Klavzar, Uros Milutinovic, and Ciril
Petr. Birkhäuser, January 2013. ISBN:
978-303-48023-69.
Turing: Pioneer of the Information Age, by Jack Copeland. Oxford
University Press, January 2013.
ISBN-13: 978-01996-397-93. (Reviewed September 2014.)
Turing’s Cathedral: The Origins
of the Digital Universe, by George
Dyson. Pantheon/Vintage, December
2012. ISBN-13: 978-14000-759-97.
(Reviewed August 2014.)
The War of Guns and Mathematics:
Mathematical Practices and Communities in France and Its Western Allies
Around World War I, by David Aubin
and Catherine Goldstein. AMS, October 2014. ISBN-13: 978-14704-146-96.
*What's Math Got to Do with It?:
How Teachers and Parents Can Transform Mathematics Learning and Inspire Success, by Jo Boaler. Penguin
Books, revised edition, March 2015.
ISBN-13: 978-01431-282-98.
Why Is There Philosophy of Mathematics At All?, by Ian Hacking.
Cambridge University Press, April
2014. ISBN-13: 978-11070-501-74.
(Reviewed December 2014.)
Zombies and Calculus, by Colin
Adams. Princeton University Press,
September 2014. ISBN-13: 978-06911619-07.
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Mathematics Calendar
Please submit conference information for the Mathematics Calendar through the Mathematics Calendar submission form at www.ams.org/cgi-bin/mathcal-submit.pl. The most
comprehensive and up-to-date Mathematics Calendar information is available on the AMS
website at www.ams.org/mathcal/.

April 2015
* 3–5 Spring 2015 Redbud Geometry/Topology Conference, Oklahoma State University, Stillwater, Oklahoma.
Description: The Redbud conference is a regional conference in topology and geometry with participants from the University of Oklahoma, Oklahoma State University, the University of Arkansas, and
elsewhere. April 3, 2015 will be a graduate student workshop, with
introductory talks on contact topology and hyperbolic geometry. The
main conference will be held on April 4 and 5, 2015.
Speakers: Ken Baker, University of Miami; John Etnyre, Georgia Tech;
Dave Futer, Temple University; Matt Hedden, Michigan State University; Efstratia Kalfagianni, Michigan State University; Emmy Murphy,
MIT; Sinem Onaran, Hacettepe University; Jessica Purcell, Brigham
Young University; Laura Starkston, University of Texas, Austin; Andy
Wand, University of Nantes.
Information: math.okstate.edu/redbud.

methods in distributed computing, directed algebraic topology, persistent homology and data analysis.
Support: From the ESF Research Networking Programme ACAT, the
Carlsberg Foundation and the Department of Mathematical Sciences
at Aalborg University gratefully acknowledged.
Information: people.math.aau.dk/~fajstrup/KONFERENCER/GETCO2015/.
* 8–11 Seventh Discrete Geometry and Algebraic Combinatorics
Conference, South Padre Island, Texas.
Description: This conference is a unique opportunity for geometry and combinatorics researchers to meet, share their specialized
knowledge, and learn from others. Partial support will be available
to a limited number of conference participants. Graduate students,
postdocs, and others are encouraged to apply for funding.
Information: blue.utb.edu/dg2013/15.

May 2015

* 7–10 Geometric and Topological Methods in Computer Science
2015, Aalborg University, Fredrik Bajersvej 7, Aalborg, Denmark.
Description: The GETCO 2015 conference focuses on Applications
of Algebraic Topology in Computer Science and Data Analysis. It is
aimed at mathematicians and computer scientists working in or interested in these subjects. The aim of the conference is to exchange
ideas and to initiate or expand research collaboration. Special emphasis will be on Topological methods in concurrency, topological

* 15–17 28th Cumberland Conference on Combinatorics, Graph
Theory and Computing, University of South Carolina, Columbia,
South Carolina.
Description: The Cumberland Conference on Combinatorics, Graph
Theory, and Computing is an annual conference that brings together internationally known researchers, industrial mathematicians
and computer scientists, and southeastern university and college

This section contains announcements of meetings and conferences
of interest to some segment of 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. A
complete list of meetings of the Society can be found on the last page
of each 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 announcement will be published only if there are
changes or necessary additional information. Once an announcement
has appeared, the event will be briefly noted in every third issue until
it has been held and a reference will be given in parentheses to the
month, year, and page of the issue in which the complete information
appeared. Asterisks (*) mark those announcements containing new or
revised information.
In general, announcements of meetings and conferences carry only
the date, title of meeting, place of meeting, names of speakers (or
sometimes a general statement on the program), deadlines for abstracts
or contributed papers, and source of further information. If there is any
application deadline with respect to participation in the meeting, this
fact should be noted. All communications on meetings and conferences

in the mathematical sciences should be sent to the Editor of the Notices in
care of the American Mathematical Society in Providence or electronically
to notices@ams.org or mathcal@ams.org.
In order to allow participants to arrange their travel plans, organizers of
meetings are urged to submit information for these listings early enough
to allow them to appear in more than one issue of the Notices prior to
the meeting in question. To achieve this, listings should be received in
Providence eight months prior to the scheduled date of the meeting.
The complete listing of the Mathematics Calendar will be published
only in the September issue of the Notices. The March, June/July, and
December issues will include, along with new announcements, references
to any previously announced meetings and conferences occurring
within the twelve-month period following the month of those issues.
New information about meetings and conferences that will occur later
than the twelve-month period will be announced once in full and will
not be repeated until the date of the conference or meeting falls within
the twelve-month period.
The Mathematics Calendar, as well as Meetings and Conferences of
the AMS, is now available electronically through the AMS website on
the World Wide Web. To access the AMS website, use the URL: www.
ams.org/.
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professors, post-docs, graduate and undergraduate students, to
discuss the latest advances in discrete mathematics and computer
science. Particular efforts are made to include faculty and students
from smaller institutions throughout the region. Each year, a different university in the Cumberland region hosts the conference, usually in the month of May, immediately after the end of the spring
semester.
Information: imi.cas.sc.edu/events/cumberland/.
* 18–21 Moab Topology Conference 2015, Utah State University–
Moab, Moab, Utah.
Description: The Moab Topology Conference 2015 features low-dimensional topology, including plenary talks by leading researchers
in 3- and 4-manifolds, knot theory, and related areas. There will also
be shorter talks, drawn from submitted abstracts. We are committed
to strengthening mathematics at all levels, and encourage graduate
students, junior faculty, women, and minorities to participate, and
to apply to speak. Moab is an incredibly beautiful place surrounded
by desert, red rocks, and mountains. There are several national parks
in the area including Arches and Canyonlands.
Speakers (*) to be confirmed: David Futer (Temple), Eli Grigsby
(Boston College), Matthew Hedden (Michigan St.), Jennifer Hom
(Columbia), Tom Mrowka (MIT), Olga Plamenevskaya (Stony Brook),
Lev Rozansky* (UNC Chapel Hill), Saul Schleimer (Warwick), Henry
Segerman (Oklahoma St.), Alex Zupan (Univ. of Texas, Austin).
Deadline: Registration and abstracts: March 16, 2015.
Information: www.math.usu.edu/~geer/conference2015/.
* 18–21 Representation Theory and Geometry of Symplectic Resolutions, Northeastern University, Boston, Massachusetts.
Description: The conference will concentrate on the representation
theoretic and geometric questions connected to symplectic singularities and their resolutions. Related aspects of the geometric and
categorical representation theory will also be discussed.
Information: math.mit.edu/conferences/symplecticresolutions/index.php.
* 18–22 Info-Metrics Summer Program Course 1, American University, Washington, DC.
Description: Nonparametric topics including kernel methods from
A to Z with labs in R.
Information: w w w . a m e r i c a n . e d u / c a s / e c o n o m i c s /
info-metrics/econometrics.cfm.
* 18–23 Masterclass on Homological Mirror Symmetry, Noncommutative Geometry and Deformation Theory, University of Copenhagen, Copenhagen, Denmark.
Description: Homological mirror symmetry (HMS), upon its conception in Kontsevich’s 1994 ICM address has enjoyed a great deal
of attention. This is currently a battleground of many advance and
active areas of research in mathematics and in theoretical physics,
requiring a vast collection of machineries and techniques that are accessible only to a few specialists. In this masterclass, we will explore
the links between HMS and another equally interesting and revolutionary area of research called noncommutative geometry (NCG). As
it is understood today, NCG enjoys two almost non-communicating
schools of thought, one popularized by Alain Connes and the one
that has known to be noncommutative algebraic geometry. HMS is
closer to the latter but hopefully, connections to the first will be
explored. Deformation theory, which lies at the heart of HMS and
NCG will play a crucial role.
Information: w w w . m a t h . k u . d k / e n g l i s h / r e s e a r c h /
conferences/2015/hms-ncg/.
* 20–24 Antalya Algebra Days XVII, Nesin Mathematics Village, Izmir,
Turkey.
Description: Antalya Algebra Days is an annual international algebra
meeting held in Turkey since 1999. mat.msgsu.edu.tr/~aad/
index.shtml. At least 100 people participate every year including many graduate students from different universities of Turkey.
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With the participation of guests from abroad, the event also serves
as an international platform for exchanging ideas and establishing
contacts. Every year we select a topic in focus and this year’s focus
is group theory, but certainly the conference topics are not restricted
to this. Talks in all areas related to algebra (such as number theory,
algebraic geometry, ring theory, module theory, and model theory)
are welcome.
Information: matematikkoyu.org/eng/events/2015_aad/
index.php.
* 25–29 Info-Metrics Summer Program Course 2, American University, WashingtonDC.
Description: “Interdisciplinary Applications of Microeconometrics.”
Topics: Methods of estimation and inference: Parametric and semiparametric regression, maximum likelihood, simulation, nonlinear
modeling for continuous and discrete choice for cross section and
panel data. applications from health economics, transport, entertainment, and production/efficiency and productivity.
Information: www.american.edu/cas/economics/infometrics/econometrics.cfm.

June 2015
* 1–4 6th Symposium on Analysis and PDEs, Purdue University, West
Lafayette, Indiana.
Description: The Symposium, sixth in its series, will focus on recent
developments of partial differential equations, geometric measure
theory, and applied analysis. Its format consists of two minicourses
aimed at graduate students and recent PhD’s, in conjunction with a
more specialized conference with topics broadly related to the minicourses. David Jerison (MIT) and Fang-Hua Lin (Courant Institute)
will be the principal lecturers who will speak, respectively, on “Free
Boundaries and Minimal Surfaces” and “Extremum Problems for Elliptic Eigenvalues”. In addition, there will be sessions of contributed
talks for junior researchers to present their results. The goal of the
Symposium is to help junior researchers to establish professional
connections with key figures in their areas of interest, provide a
platform to summarize the most recent progress in related topics,
and formulate and develop new problems and avenues of research.
Information: www.math.purdue.edu/~arshak/6thSym/.
* 8–12 WSCG 2015 - 23rd Int.Conf. on Computer Graphics, Visualization and Computer Vision Workshop: Meshless Methods in
Computer Science and Engineering, Primavera Congress Center
(www.primaverahotel.cz/) Plzen [Pilsen] close to Praha, Prague,
Czech Republic.
Description: The workshop is intended to exploration of theoretical
foundations and applicability of meshless methods.
Main topics (but not limited to): Meshless methods in computer
graphics, vizualization and computer vision, meshless methods in
engineering problems, meshless methods-theory and practice, meshless interpolation and approximation of large data sets, radial basis
functions (RBF) in computer graphics, visualization, image processing and computer vision, meshless methods and projective space.
Submission: skala@kiv.zcu.cz; subject: WSCG 2015-Meshfree.
Information: www.wscg.cz.
* 28–July 4 Global Dynamics in Hamiltonian Systems (GDHAM15)
Conference, Santuari de Núria, Girona, Spain.
Description: 2015 is the 60th birthday of Amadeu Delshams. We are
organizing the conference Global Dynamics in Hamiltonian Systems
(GDHAM15) to be held in Nuria’s Sanctuary, located two hours away
from Barcelona. The conference will cover topics related to global dynamics in Hamiltonian Systems. In particular, Hamiltonian systems
with 3 or more degrees of freedom, Arnold diffusion, KAM theory,
reversible systems and applications.
Information: gdham15.ma1.upc.edu/.
of the
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* 29–July 2 VI Jaen Conference on Approximation Theory, Computer
Aided Geometric Design, Numerical Methods and Applications,
Ubeda, Jaen, Spain.
Description: The objective of this series is to provide a useful and
nice forum for researchers in Approximation Theory, Computer
Aided Geometric Design, Numerical Methods and the Applications
to meet and discuss. In this sense, the conference program has been
designed to keep joined the group during four/five days with a program full of scientific and social activities. The Conference will take
place in Ubeda, a World Heritage Site. We invite you to contribute a
talk or a poster. We also provide the possibility to attending on-line
and contribute a poster.
Plenary speakers (Preliminary list): Annie Cuyt (Belgium), Asuman
G. Aksoy (USA), Carla Manni (Italy), Dany Leviatan (Israel), Gerlind
Plonka (Germany), Kathy Driver (South Africa), Maria Skopina (Russia).
Deadlines: Mini-symposium proposals: May 15, 2015. Reduced fees:
June 1, 2015. Abstract submission: June 8, 2015.
Contact: cardenas@ujaen.es.
Information: www.ujaen.es/revista/jja/jca/index.php.

July 2015
* 6–10 Stochastics & Computational Finance 2015: From Academia
to Industry, Lisbon, Portugal.
Description: Stochastics & Computational Finance 2015: From Academia to Industry is an International Conference organized by the
University of Lisbon - CEMAPRE - ISEG. It welcomes academicians
from the top-tier research centers and experts from the financial
industry, to talk on the most recent developments in the field of
financial mathematics. The wide program of talks is combined with
unique opportunities to network and exchange ideas.
Information: Please visit www.scf2015.com for further details.
* 20–24 Frontiers of Mathematics and Applications IV - UIMP 2015,
Palacio de la Magdalena, 39005, Santander, Spain.
Description: Summer school in PDEs, analysis and its applications,
directed to Ph.D. and young postdoctoral students.
Information: www.uam.es/matteo.bonforte/uimp2015.
* 20–24 ISIPTA’2015: 9th International Symposium on Imprecise
Probability: Theories and Applications, Sea Lion Hotel, Pescara,
Italy.
Description: ISIPTA is the primary international forum to present
and discuss new results related to imprecise probability. We welcome
both theoretical and applied original contributions. In this edition,
we especially welcome papers connecting imprecise probabilities
with related research in fields such as economics, philosophy, sociology, and engineering. There will be no parallel sessions.
Important Dates: February 1, 2015: Paper abstracts due. February
20, 2015 Review-ready papers due. April 8, 2015: Paper notification.
April 17, 2015: Poster-only abstracts due. May 6, 2015: Poster-only
notification. May 29, 2015: Early-bird registration deadline (.350
full; .200 student).
Invited Speakers: Massimo Marinacci, Department of Decision Sciences, Bocconi University, Milan, Italy; Itzhak Gilboa, Eitan Berglas
School of Economics, Tel-Aviv University, Israel & HEC, Paris France;
Peter M. Williams, Department of Informatics, University of Sussex,
Brighton, United Kingdom & BW Mining, Brighton, United Kingdom.
Information: www.sipta.org/isipta15.
* 20–August 7 PI Summer Graduate Program: Modern Harmonic
Analysis and Applications, University of Maryland, College Park,
Maryland.
Description: Modern Harmonic Analysis encompasses areas as diverse as group representation theory, functional analysis and applications in signal processing, and machine learning and data analysis.
These techniques deliver the answers desired by engineers and scientists working with big data sets or searching for novel methods to
connect experiments with theory. With the new form of the Moore’s
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Law, where CPU clock frequency doubling is replaced by parallel
processing, the applied mathematics community is now faced with
a new paradigm. Together, with the annual February Fourier Talks
(FFT) Conference organized by the Norbert Wiener Center at UMD,
we envision the 2015 PI Graduate Student Summer Program at UMD
as an educational platform reaching out to the next generation of
STEM graduates and complementing existing research activities. The
University of Maryland is a participating institution of the Institute
for Mathematics and its Applications.
Information: www.ima.umn.edu/2014-2015/PISG7.208.7.15/.

August 2015
* 3–7 Symmetries of Discrete Systems and Processes, Decin, Czech
Republic.
Description: The conference gives the participants an opportunity
to present their results, and discuss developments in the following areas: Special functions and orthogonal polynomials; harmonic
analysis and image processing; discrete symmetries; cubature formulas; approximation theory. Participants are invited to publish their
contributions in Open Access Acta Polytechnica CTU Proceedings.
Information: sdsp.fjfidecin.cz/sdsp/tdc.
* 17–21 AIM Workshop: Degenerations in algebraic geometry,
American Institute of Mathematics, San Jose, California.
Description: This workshop, sponsored by AIM and the NSF, will be
devoted to the study of degeneration techniques in algebraic geometry, in several differing but interrelated contexts.
Information: a i m a t h . o r g / w o r k s h o p s / u p c o m i n g /
degenalggeom.
* 17–21 Combinatorial Constructions in Topology, University of
Regina, Regina, Saskatchewan, Canada.
Description: This workshop is organized around some interrelated
themes in algebraic and equivariant topology, such as: torus-equivariant topology and GKM theory; K-theory of toric manifolds; (rational) homotopy theory of toric spaces; arrangements of hyperplanes;
rigidity problems in toric topology; symplectic aspects; configuration
spaces; applications of topology in combinatorics; group actions.
The meeting is one part of the Applied Algebraic and Geometric
Topology PIMS Collaborative Research Group. A central objective is
to bring together researchers from PIMS-sponsored universities with
participants from elsewhere in Canada and the rest of the world.
Information: gdenham.math.uwo.ca/share/PIMS2015/.
* 19–21 Connections for Women: Dispersive and Stochastic Processes, Mathematical Sciences Research Institute, Berkeley, California.
Description: This workshop will consist of various talks given by
prominent female mathematicians whose research lies in and interfaces with the fields of nonlinear evolution dispersive PDE, wave
phenomena and stochastic PDE. These talks will be appropriate for
graduate students, post-docs, and researchers in areas above mentioned. The workshop will allocate ample time for group discussions
and will include a professional development session. This workshop
is open to all mathematicians.
Information: www.msri.org/workshops/759.
* 24–28 AIM Workshop: Mathematics inspired by immuno-epidemiology, American Institute of Mathematics, San Jose, California.
Description: This workshop, sponsored by AIM and the NSF, aims
to link the separate fields of mathematical immunology and mathematical epidemiology, to connect them into what shall become
mathematical immuno-epidemiology.
Information: aimath.org/workshops/upcoming/immunoepid.
* 24–28 Introductory Workshop: Randomness and long time dynamics in nonlinear evolution differential equations, Mathematical Sciences Research Institute, Berkeley, California.
of the

AMS

447

Mathematics Calendar
Description: The purpose of the program New Challenges in PDE:
Deterministic Dynamics and Randomness in High and Infinite Dimensional Systems is to bring together a core group of mathematicians from the dispersive PDE and the SPDE communities whose research contains an underlying and unifying problem: analyzing high
or infinite dimensional dynamics, where dynamics is understood in a
broad sense and arising from the flows generated by either deterministic or stochastic partial differential equations, or from dynamical
evolution of large physical systems. The introductory workshop will
serve as an overview to the program. It aims at familiarizing graduate students, postdocs, and other researchers to the major topics of
the program through short courses and discussions.
Information: www.msri.org/workshops/760.
* 25–28 International Conference on Pure and Applied Mathematics (ICPAM-2015), Department of Mathematics, Faculty of Sciences,
Yuzuncu Yil University Kampus, 65080 Van, Turkey.
Description: Yuzuncu Yil University, Turkey is pleased to invite you
to participate in the International Conference on Pure and Applied
Mathematics (ICPAM-2015),which will be held in Yuzuncu Yil University, Van-Turkey, august 25-28, 2015. The main aim of the conference
is to promote, encourage, and bring together researches in the field
of pure and applied mathematics. This international conference is
open to all researchers in the field, and you are invited to contribute
a talk on your current work. Young researches and PhD students
will find the environment particularly welcoming. This meeting is
the first edition of ICPAM meetings and will continue next years. It
will be mathematically enriching and socially exciting event. We look
forward to welcoming you in Van, the city of the sun.
Information: icpam.naturalspublishing.com/index.asp.
* 31–September 3 4th International Eurasian Conference on Mathematical Sciences and Applications (IECMSA-2015), President
hotel, Athens, Greece.
Description: 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, mathematicians, 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-2014. All presented
paper.s abstracts will be published in the conference proceeding.
Moreover, selected and peer review articles will be published in the
`international journals.
Information: www.iecmsa.org.
* 31–September 4 Conference on Topology, geometry and Dynamics in honour of François lalonde, Centre de recherches mathématiques, Université de Montréal Pavillon André-Aisenstadt 2920,
Chemin de la tour, 5th floor, Montréal, Québec H3T 1J4, Canada.
Description: Honouring Francois Lalonde’s mathematical contributions, this conference aims to foster interaction among the fields
of topology, geometry and dynamics. Subjects that are in rapid development and will be reflected in the talks include, among others,
various facets of symplectic topology, Hamiltonian dynamics, spectral theory and semi-classical analysis.
Information: www.crm.umontreal.ca/2015/Lalondefest/
index_e.php.
* 31–September 4 MathCompEPI 2015 International Conference on
“Mathematical and Computational Epidemiology of Infectious
diseases” the interplay between models and public health policies, “Ettore Majorana Centre for Scientific Culture”, Erice, Sicily,
Italy.
Aims: The mathematical and computational modelling of the spread
of infectious diseases was both able to give an impetum to dynamical
systems theory, and an important contribution to the epidemiology
of infectious diseases. National and International health authorities
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routinely employ mathematical and computational epidemiology
(MCE) in public Health decisions and policies. Our aim is to illustrate
the major areas of research in MCE and the huge variety of tools
and approaches that are currently employed. Models of various degrees of complexity are synergistically interplaying in this discipline.
They are both needed and complementary, and in this conference
will be both present.
Invited Speakers: B. Buonomo, V. Capasso, G. Chowell, V. Colizza,
O. Diekman , A. d’Onofrio, J. Edmunds, S. Funk, D. Greco, N. Hens, M.
Iannelli, M. Kretzschmar, M. Martcheva, P. Manfredi, A. Melegaro, S.
Merler, FA. Milner, A. Pugliese, C. Rizzo, P. Rohani, G. Scalia-Tomba,
N. Stollenwerk, E Venturino, A Vespignani
Information: erice2015.wordpress.com/.

September 2015
* 7–11 Workshop in Nonlinear PDEs, Université libre de Bruxelles,
Brussel, Belgium.
Description: Workshop in nonlinear PDEs. Plenary talks, thematic
sessions and contributed talks.
Information: pde2015.ulb.ac.be.
* 14–18 GraVisMa 2015: Computer Graphics, Visualization and
Mathematics Workshop: Meshless Methods in Computer Science,
Engineering and Mathematics, Primavera Congress Center, (www.
primaverahotel.cz) Plzen [Pilsen] close to Praha, Prague, Czech
Republic.
Main topics (but not limited to): Meshless methods in computer
graphics, vizualization and computer vision, Meshless methods in
engineering problems, meshless methods-theory and practice, meshless interpolation and approximation of large data sets, radial basis
functions (RBF) in computer graphics, visualization, image processing and computer vision, meshless methods and projective space.
Submission: skala@kiv.zcu.cz; subject: GraVisMa 2015-Meshfree.
Information: www.GraVisMa.eu.

October 2015
* 14–16 International Conference “Stochastic Processes in Abstract
Spaces”, Taras Shevchenko National University of Kyiv; Institute of
Mathematics, National Academy of Sciences of Ukraine; National
Technical University of Ukraine “Kyiv Polytechnic Institute”, Kyiv,
Ukraine.
Description: International Conference Stochastic Processes in Abstract Spaces (SPAS) is dedicated to the 80th anniversary of prominent scientist Professor A.Ya.Dorogovtsev (1935 . 2004). The aim
of the conference is to bring together national and international
researchers in stochastic processes. It will provide a unique opportunity for exchanging ideas and discussing recent results and new
trends in a wide range of research areas: theory of stochastic processes in multidimensional spaces, statistics of stochastic processes,
stochastic difference and differential equations.
Information: mechmat.univ.kiev.ua.
* 19–30 New challenges in PDE: Deterministic dynamics and randomness in high and infinite dimensional systems, Mathematical
Sciences Research Institute, Berkeley, California.
Description: This workshop serves to bring into focus the fundamental aim of the jumbo program by both a) showcasing the spectacular progress in recent years in the study of both nonlinear dispersive as well as stochastic partial differential equations and b)
bringing to the fore the key challenges for the future in quantitatively
analyzing the dynamics of solutions arising from the flows generated
by deterministic and non-deterministic evolution differential equations, or dynamical evolution of large physical systems. During the
two weeks long workshop, we intertwine talks on a wide array of topics by some of the key researchers in both communities and aim at
highlighting the most salient ideas, proofs and questions which are
important and fertile for `cross-pollination. between PDE and SPDE.
of the
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Topics: Global dynamics and singularity formation for geometric and
physical nonlinear wave and dispersive models (critical and supercritical regimes); dynamics of infinite dimensional systems (critidal
phenomena, multiscale dynamics and metastability); symplectic
structures of infinite dimensional dynamical systems; randomization and long time dynamics, invariant Gibbs and weighted Wiener
measures; derivation of effective dynamics in quantum systems;
weak turbulence phenomena; optimization and learning algorithms;
distributed, stochastic and parallel.
Information: www.msri.org/workshops/761.
* 21–23 International Conference in Modeling Health Advances
2015, UC Berkeley, San Francisco Bay Area, California.
Description: A host of new diseases, like HIV/AIDS, BSE, Avian Flu,
West Nile Virus and others have appeared on the scene during the
last twenty five years and undoubtedly, more will come in the coming years. To tackle these illnesses, the cooperation of modelers,
mathematicians, statisticians, computer scientists, and others, and
of researchers from the medical community is absolutely essential.
Modeling is important because it gives important insight into the
method of treatment. In the case of HIV/AIDS, for example, mathematical modeling indicated that a combination of both protease
inhibitors and reverse transcriptase inhibitors would be far more
effective than any one of these two drugs. The purpose of this conference is to bring all the people working in the area of epidemiology
under one roof and encourage mutual interaction.
Information: www.iaeng.org/WCECS2015/ICMHA2015.html.

December 2015
* 7–11 39th Australasian Conference on Combinatorial Mathematics and Combinatorial Computing, The University of Queensland,
Brisbane, Australia.
Description: Contributed talks will be sought from all areas of
discrete and combinatorial mathematics and related areas of computer science.
Invited speakers: Confirmed so far: Saad El-Zanati (Illinois State University), Catherine Greenhill (University of New South Wales), Penny
Haxell (University of Waterloo), Jonathan Jedwab (Simon Fraser University), Charles Semple (University of Canterbury).
Information: The conference website can be found at 39accmcc.
smp.uq.edu.au/. At this stage, the website contains only basic
information. Further information will be added as it becomes available. Please send any questions to Darryn Bryant at db@maths.
uq.edu.au.

* 14–18 Geometric and categorical representation theory, Sunshine
Coast, Australia.
Description: The conference will feature prominent international experts in geometric and categorical representation theory. The focus
will be on areas currently enjoying a large amount of international
attention, including interactions between representation theory,
algebraic geometry, symplectic geometry, and number theory. The
conference aims to bring some of the best mathematicians in these
areas to Australia in order to strengthen the ties between the Australian and international geometric representation theory communities. There is financial support available, especially for grad students
and postdoctoral fellows.
Information: s i t e s . g o o g l e . c o m / s i t e / m a s o u d k o m i /
mooloolaba.
* 19–20 4th International Conference on Mathematical and Computational Sciences, Asian Institute of Technology Conference Center
P.O. Box 4, Klong Luang, Pathumthani 12120, Thailand.
Description: The 4th International Conference on Mathematical
and Computational Sciences(ICMCS-2015) is a premier forum for
the presentation of new advances and research results in all areas
of Mathematical and Computational Sciences. ICMCS-2015 will bring
together leading researchers, engineers and scientists in the domain
of interest from around the world. Leading researchers around the
world shall deliver Key Note Addresses and Chair sessions.
Topics of interest: For submission include, but are not limited to:
Algebra, algebraic topology, advanced calculus, advanced numerical methods, artificial neural networks, calculus and trigonometry,
complex analysis, computational fluid dynamics, control theory, differential topology, differential geometry, dynamical systems, chaos
and fractals, fluid dynamics and applications, fractional differential
equations, functional analysis, fuzzy logic, general topology, genetic
algorithms, linear algebra, linear programming models, mathematical modelling, markov chains and applications, etc.
Information: ijmsa.yolasite.com/icmsa-2015.php.
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* 10–13 Quasiweekend II - ten years after, Helsinki, Finland.
Description: This meeting is a continuation of the Quasiweekend held in 2005 m a t h s t a t . h e l s i n k i . f i / a n a l y s i s /
quasiweekend|. The aim of the conference is to bring together internationally leading experts on fields related to the mathematical
inheritance of Jussi Visl and Seppo Rickman. The topics of the conference include: Quasiconformal, quasiregular and related mapping
classes; analysis on metric spaces; geometric analysis and dynamics;
geometric group theory.
Information: wiki.helsinki.fi/display/QuasiWeekend2/.

What Happens when an Airplane Hits
Water?
This month’s cover features a series of stillframes taken from the video referred to in
Figure 10 of the April feature article “Malaysia
Airlines Flight MH370: Water Entry of an Airliner” by Goong Chen et al.

—Bill Casselman
Graphics Editor
notices-covers@ams.org

* 13–15 The 4th International Conference on Electrical Engineering, Boumerdés, Algeria.
Description: After three successful editions, the 4th International
Conference on Electrical Engineering – ICEE’2015 will take place at
the Institute of Electrical and Electronic engineering (IGEE, ex. INELEC). The ICEE’2015 aims to promote research in electrical engineering and electronics. It is an opportunity to exchange experiences and
present research results in the fields of theoretical, experimental,
and applied Electrical Engineering. The conference will bring together
leading researchers, engineers and scientists in the domain of interest from around the world.
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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

Noncommutative Rings
and Their Applications
Steven Dougherty, University of
Scranton, PA, Alberto Facchini,
Università di Padova, Italy, André
Leroy, Université d’Artois, Lens,
France, Edmund Puczyłowski,
University of Warsaw, Poland, and
Patrick Solé, CNRS/LTCI, Telecom
ParisTech, France, Editors

Geometric Complexity
Theory IV: Nonstandard
Quantum Group for the
Kronecker Problem
Jonah Blasiak, Drexel University,
Philadelphia, PA, Ketan D.
Mulmuley, University of Chicago,
IL, and Milind Sohoni, Indian
Institute of Technology, Mumbai,
India
Contents: Introduction; Basic concepts and notation; Hecke algebras
and canonical bases; The quantum group GLq (V ); Bases for
GLq (V ) modules; Quantum Schur-Weyl duality and canonical bases;
Notation for GLq (V ) × GLq (W ); The nonstandard coordinate algebra
O(Mq (X̌)); Nonstandard determinant and minors; The nonstandard
quantum groups GLq (X̌) and Uq (X̌); The nonstandard Hecke algebra
Ȟr ; Nonstandard Schur-Weyl duality; Nonstandard representation
theory in the two-row case; A canonical basis for Y̌α ; A global
crystal basis for two-row Kronecker coefficients; Straightened NST
and semistandard tableaux; A Kronecker graphical calculus and
applications; Explicit formulae for Kronecker coefficients; Future
work; Appendix A. Reduction system for O(Mq (X̌)); Appendix B. The
Hopf algebra Oqτ ; Bibliography.
Memoirs of the American Mathematical Society, Volume 235,
Number 1109
May 2015, 160 pages, Softcover, ISBN: 978-1-4704-1011-7, LC
2014049957, 2010 Mathematics Subject Classification: 33D80, 20C30,
05E10; 16S80, 11Y16, Individual member US$51.60, List US$86,
Institutional member US$68.80, Order code MEMO/235/1109
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This volume contains the proceedings of an International Conference
on Noncommutative Rings and Their Applications, held July 1–4,
2013, at the Université d’Artois, Lens, France. It presents recent
developments in the theories of noncommutative rings and modules
over such rings as well as applications of these to coding theory,
enveloping algebras, and Leavitt path algebras.
Material from the course “Foundations of Algebraic Coding Theory“,
given by Steven Dougherty, is included and provides the reader
with the history and background of coding theory as well as the
interplay between coding theory and algebra. In module theory,
many new results related to (almost) injective modules, injective
hulls and automorphism-invariant modules are presented. Broad
generalizations of classical projective covers are studied and category
theory is used to describe the structure of some modules. In some
papers related to more classical ring theory such as quasi duo rings
or clean elements, new points of view on classical conjectures and
standard open problems are given. Descriptions of codes over local
commutative Frobenius rings are discussed, and a list of open
problems in coding theory is presented within their context.
This item will also be of interest to those working in applications.
Contents: G. Abrams and B. Schoonmaker, Leavitt path algebras of
Cayley graphs arising from cyclic groups; A. Alahmadi, S. K. Jain, and
S. Singh, Characterizations of almost injective modules; P. A. Guil
Asensio and A. K. Srivastava, Automorphism-invariant modules;
S. M. Buckley, Distributive algebras, isoclinism, and invariant
probabilities; S. Catoiu, Ideals of the enveloping algebra U(sl3 );
S. Çeken and M. Alkan, On second submodules; S. T. Dougherty,
J.-L. Kim, and P. Solé, Open problems in coding theory; S. T.
Dougherty, Foundations of algebraic coding theory; S. T. Dougherty
and E. Saltürk, Counting Z2 Z4 -additive codes; A. Facchini, From
endomorphism rings to some noteworthy ideals in categories of
modules; E. G. Goodaire and C. P. Milies, Lie and Jordan properties in
group algebras; Y. Ibrahim and M. Yousif, Rad-projective δ-covers;
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New Publications Offered by the AMS

Endoscopic
Classification of
Representations of
Quasi-Split Unitary
Groups

M. Jastrzȩbska and J. Krempa, On lattices of annihilators; P. Kanwar,
A. Leroy, and J. Matczuk, Clean elements in polynomial rings;
C. Lomp, On the semiprime smash product question; J. Matczuk,
Minimal prime ideals and derivations; E. Martínez-Moro and S. Szabo,
On codes over local Frobenius non-chain rings of order 16; E. R.
Puczyłowski, On quasi-duo rings; H. Usefi, Isomorphism invariants
of enveloping algebras.
Contemporary Mathematics, Volume 634

Chung Pang Mok, Morningside
Center of Mathematics, Beijing,
China, and Purdue University,
Bloomington, IN

April 2015, 265 pages, Softcover, ISBN: 978-1-4704-1032-2, LC
2014029564, 2010 Mathematics Subject Classification: 16N60, 16P60,
16S34, 16S99, 16U99, 17B35, 94B05, 94B15, 94B60, AMS members
US$84, List US$105, Order code CONM/634

Algorithmic Problems
of Group Theory,
Their Complexity,
and Applications to
Cryptography

Contents: Introduction; Statement of the main theorems; Local
character identities and the intertwining relation; Trace formulas and
their stabilization; The Standard model; Study of critical cases; Local
classification; Nontempered representations; Global classification;
Addendum; Bibliography.
Memoirs of the American Mathematical Society, Volume 235,
Number 1108
May 2015, 250 pages, Softcover, ISBN: 978-1-4704-1041-4, LC
2014049955, 2010 Mathematics Subject Classification: 22E55, 22E50;

Delaram Kahrobaei, City
University of New York, NY, and
Vladimir Shpilrain, City College of
New York, NY, Editors

20G35, 11R42, Individual member US$63, List US$105, Institutional
member US$84, Order code MEMO/235/1108

Expansion in Finite
Simple Groups of Lie
Type

This volume contains the proceedings of the AMS Special Session on
Algorithmic Problems of Group Theory and Their Complexity, held
January 9–10, 2013 in San Diego, CA and the AMS Special Session
on Algorithmic Problems of Group Theory and Applications to
Information Security, held April 6–7, 2013 at Boston College, Chestnut
Hill, MA.
Over the past few years the field of group-based cryptography has
attracted attention from both group theorists and cryptographers.
The new techniques inspired by algorithmic problems in
non-commutative group theory and their complexity have offered
promising ideas for developing new cryptographic protocols.
The papers in this volume cover algorithmic group theory and
applications to cryptography.
This item will also be of interest to those working in applications.
Contents: B. Cavallo and D. Kahrobaei, Secret sharing using
non-commutative groups and the shortlex order; A. E. Clement,
An algorithm that decides conjugacy in a certain generalized free
product; B. Cooper and E. Rowland, Classification of automorphic
conjugacy classes in the free group on two generators; B. Fine,
A. Gaglione, G. Rosenberger, and D. Spellman, On elementary
free groups; A. M. Gaglione, S. Lipschutz, and D. Spellman, An
application of a localized version of an axiom of Ian Chiswell;
A. M. Gaglione, S. Lipschutz, and D. Spellman, A note on Stallings’
pregroups; D. Kahrobaei, C. Koupparis, and V. Shpilrain, A
CCA secure cryptosystem using matrices over group rings;
A. Mahalanobis, The MOR cryptosystem and finite p-groups; A. I.
S. Moldenhauer, A group theoretical ElGamal cryptosystem based
on a semidirect product of groups and a proposal for a signature
protocol; B. Steinberg, On some algorithmic properties of finite state
automorphisms of rooted trees.
Contemporary Mathematics, Volume 633
April 2015, 123 pages, Softcover, ISBN: 978-0-8218-9859-8, LC
2014029814, 2010 Mathematics Subject Classification: 20-XX, 68-XX,
AMS members US$84, List US$105, Order code CONM/633

April 2015

Terence Tao, University of
California, Los Angeles, CA
Expander graphs are an important tool in
theoretical computer science, geometric
group theory, probability, and number
theory. Furthermore, the techniques used
to rigorously establish the expansion
property of a graph draw from such diverse areas of mathematics
as representation theory, algebraic geometry, and arithmetic
combinatorics. This text focuses on the latter topic in the important
case of Cayley graphs on finite groups of Lie type, developing tools
such as Kazhdan’s property (T), quasirandomness, product estimates,
escape from subvarieties, and the Balog–Szemerédi–Gowers lemma.
Applications to the affine sieve of Bourgain, Gamburd, and Sarnak are
also given. The material is largely self-contained, with additional
sections on the general theory of expanders, spectral theory, Lie
theory, and the Lang–Weil bound, as well as numerous exercises and
other optional material.
This item will also be of interest to those working in discrete
mathematics and combinatorics.
Contents: Expansion in Cayley graphs: Expander graphs: Basic
theory; Expansion in Cayley graphs, and Kazhdan’s property (T);
Quasirandom groups; The Balog-Szemerédi-Gowers lemma, and the
Bourgain-Gamburd expansion machine; Product theorems, pivot
arguments, and the Larsen-Pink non-concentration inequality;
Non-concentration in subgroups; Sieving and expanders; Related
articles: Cayley graphs the algebra of groups; The Lang-Weil bound;
The spectral theorem and its converses for unbounded self-adjoint
operators; Notes on Lie algebras; Notes on groups of Lie type;
Bibliography; Index.
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New Publications Offered by the AMS
Graduate Studies in Mathematics, Volume 164

A co-publication of the AMS and CBMS.

May 2015, approximately 307 pages, Hardcover, ISBN: 978-1-47042196-0, LC 2014049154, 2010 Mathematics Subject Classification:
05C81, 11B30, 20C33, 20D06, 20G40, AMS members US$63.20, List
US$79, Order code GSM/164

Contents: Mathematical shapes of uncertainty; Gap theorems; A
problem by Pólya and Levinson; Determinacy of measures and
oscillations of high-pass signals; Beurling-Malliavin and Bernstein’s
problems; The type problem; Toeplitz approach to UP; Toeplitz
version of the Beurling-Malliavin theory; Bibliography.
CBMS Regional Conference Series in Mathematics, Number 121

Analysis
Locally AH-Algebras
Huaxin Lin, University of Oregon,
Eugene, OR, and The Research
Center for Operator Algebras,
East China Normal University,
Shanghai, China

April 2015, 216 pages, Softcover, ISBN: 978-1-4704-2017-8, LC
2014043343, 2010 Mathematics Subject Classification: 30-XX, 33-XX,
34-XX, 42-XX, AMS members US$39.20, List US$49, Order code
CBMS/121

Differential Equations
Hyperbolic Dynamics,
Fluctuations and Large
Deviations

Contents: Introduction; Preliminaries;
Definition of Cg ; C ∗ -algebras in Cg ;
Regularity of C ∗ -algebras in C1 ; Traces; The
unitary group; Z-stability; General existence
theorems; The uniqueness statement and the existence theorem for
Bott map; The basic homotopy lemma; The proof of the uniqueness
theorem 10.4; The reduction; Appendix; Bibliography.

D. Dolgopyat, University of
Maryland, College Park, MD,
Y. Pesin, Pennsylvania State
University, University Park, PA,
M. Pollicott, University of Warwick,
Coventry, United Kingdom, and
L. Stoyanov, University of Western
Australia, Crawley, Australia,
Editors

Memoirs of the American Mathematical Society, Volume 235,
Number 1107
May 2015, 108 pages, Softcover, ISBN: 978-1-4704-1466-5, LC
2014049970, Individual member US$48, List US$80, Institutional
member US$64, Order code MEMO/235/1107

Toeplitz Approach
to Problems of the
Uncertainty Principle
Alexei Poltoratski, Texas A&M
University, College Station, TX
The Uncertainty Principle in Harmonic
Analysis (UP) is a classical, yet rapidly
developing, area of modern mathematics.
Its first significant results and open
problems date back to the work of Norbert
Wiener, Andrei Kolmogorov, Mark Krein and Arne Beurling. At present,
it encompasses a large part of mathematics, from Fourier analysis,
frames and completeness problems for various systems of functions
to spectral problems for differential operators and canonical systems.
These notes are devoted to the so-called Toeplitz approach to UP
which recently brought solutions to some of the long-standing
problems posed by the classics. After a short overview of the
general area of UP the discussion turns to the outline of the new
approach and its results. Among those are solutions to Beurling’s Gap
Problem in Fourier analysis, the Type Problem on completeness of
exponential systems, a problem by Pólya and Levinson on sampling
sets for entire functions, Bernstein’s problem on uniform polynomial
approximation, problems on asymptotics of Fourier integrals and a
Toeplitz version of the Beurling–Malliavin theory. One of the main
goals of the book is to present new directions for future research
opened by the new approach to the experts and young analysts.
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This volume contains the proceedings of the semester long special
program on Hyperbolic Dynamics, Large Deviations and Fluctuations,
which was held from January–June 2013, at the Centre Interfacultaire
Bernoulli, École Polytechnique Fédérale de Lausanne, Switzerland.
The broad theme of the program was the long term behavior of
dynamical systems and their statistical behavior. During the last
50 years, the statistical properties of dynamical systems of many
different types have been the subject of extensive study in statistical
mechanics and thermodynamics, ergodic and probability theories,
and some areas of mathematical physics. The results of this study
have had a profound effect on many different areas in mathematics,
physics, engineering and biology.
The papers in this volume cover topics in large deviations and
thermodynamics formalism and limit theorems for dynamic systems.
The material presented is primarily directed at researchers and
graduate students in the very broad area of dynamical systems and
ergodic theory, but will also be of interest to researchers in related
areas such as statistical physics, spectral theory and some aspects of
number theory and geometry.
This item will also be of interest to those working in mathematical
physics.
Contents: D. Dolgopyat, Y. Pesin, M. Pollicott, and L. Stoyanov,
Hyperbolic dynamics, fluctuations and large deviations; Large
deviations and thermodynamical formalism: J. Buzzi, The almost
Borel structure of diffeomorphisms with some hyperbolicity; Y. Kifer,
Lectures on large deviations in probability and dynamical systems;
O. M. Sarig, Thermodynamic formalism for countable Markov shifts;
Limit theorems for dynamical systems: G. Forni, Limit theorems for
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horocycle flows; S. Gouëzel, Limit theorems in dynamical systems
using the spectral method; J. Marklof, Kinetic limits of dynamical
systems; Additional topics: D. Dolgopyat and B. Fayad, Limit
theorems for toral translations; Y. Guivarc’h, Spectral gap properties
and limit theorems for some random walks and dynamical systems;
J. De Simoi and C. Liverani, The martingale approach after Varadhan
and Dolgopyat.

Number Theory
Spectral Means
of Central Values
of Automorphic
L-Functions for GL(2)

Proceedings of Symposia in Pure Mathematics, Volume 89
April 2015, approximately 337 pages, Hardcover, ISBN: 978-1-47041112-1, LC 2014043353, 2010 Mathematics Subject Classification:
37D35, 37A60, 60F10, AMS members US$96, List US$120, Order
code PSPUM/89

Geometry and Topology
Poincaré-Einstein
Holography for Forms
via Conformal Geometry
in the Bulk
A. Rod Gover, University of
Auckland, New Zealand, Emanuele
Latini, Laboratori Nazinali di
Frascati LNF, Italy, and Andrew
Waldron, University of California,
Davis, CA
Contents: Introduction; Bulk conformal geometry and extension
problems; Tractor exterior calculus; The exterior calculus of scale;
Higher form Proca equations; Obstructions, detours, gauge operators
and Q-curvature; Appendx A. The ambient manifold; Appendix B. List
of common symbols; Bibliography.

Masao Tsuzuki, Sophia University,
Tokyo, Japan
Contents: Introduction; Preliminaries;
Preliminary analysis; Green’s functions on
GL(2, R); Green’s functions on GL(2, Fv )
with v a non archimedean place; Kernel functions; Regularized
periods; Automorphic Green’s functions; Automorphic smoothed
kernels; Periods of regularized automorphic smoothed kernels: the
spectral side; A geometric expression of automorphic smoothed
kernels; Periods of regularized automorphic smoothed kernels: the
geometric side; Asymptotic formulas; An error term estimate in the
Weyl type asymptotic law; Appendix; Bibliography.
Memoirs of the American Mathematical Society, Volume 235,
Number 1110
May 2015, 129 pages, Softcover, ISBN: 978-1-4704-1019-3, LC
2014049959, 2010 Mathematics Subject Classification: 11F72; 11F67,
Individual member US$48.60, List US$81, Institutional member
US$64.80, Order code MEMO/235/1110

New AMS-Distributed
Publications

Memoirs of the American Mathematical Society, Volume 235,
Number 1106
May 2015, 85 pages, Softcover, ISBN: 978-1-4704-1092-6, LC
2014050309, 2010 Mathematics Subject Classification: 53A30, 53B50,
53A55, 53B15, 22E46, Individual member US$45.60, List US$76,
Institutional member US$60.80, Order code MEMO/235/1106

Analysis
The Varied Landscape
of Operator Theory
Conference Proceedings,
Timişoara, July 2–7, 2012
Dumitru Gaspar, West University
of Timişoara, Romania, Dan
Timotin, Romanian Academy,
Bucharest, Romania, Florian-Horia
Vasilescu, University of Lille I,
Villeneuve d’Ascq, France, and
László Zsidó, University of Rome
Tor Vergata, Italy, Editors
The volume contains the proceedings of the 24th International
Conference on Operator Theory, held in Timişoara from July 2–7,
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2012. Leading experts in the field have contributed with several
survey papers, covering the following subjects:
•
•
•
•

amenability on coset spaces
large orbits of operators and operator semigroups
approximation numbers of composition operators
commutators in the algebra of bounded operators on a
Hilbert space
• interplay between algebraic groups, Lie algebras, and
operator ideals
• free group factors and Hecke operators
The remaining papers contain original research on different topics:
single operator theory, C*-algebras, operators on functino spaces,
quantum semigroups, moment problems, and semigroups on ordered
Banach spaces.
A publication of the Theta Foundation. Distributed worldwide, except
in Romania, by the AMS.
Contents: Z. Akkar and E. Albrecht, Spectral properties of
Toeplitz operators on the unit ball and on the unit sphere;
C Anantharaman-Delaroche, Approximation properties for coset
spaces and their operator algebras; M. Aukhadiev, Pentagon
equation and compact quantum semigroups; D. Beltiţă, S. Patnaik,
and G. Weiss, B(H)-commutators: A historical survey II and
recent advances on commutators of compact operators; D. Beltiţă,
S. Patnaik, and G. Weiss, Interplay between algebraic groups, Lie
algebras, and operator ideals; V. Crismale and F. Fidaleo, Symmetric
states on the CAR algebra; L. A. Fialkow, The truncated moment
problem on parallel lines; S. A. Grigorian and A. Yu. Kuznetsova,
Torus action on a C ∗ -algebra generated by mapping; T. A. Grigoryan,
E. V. Lipacheva, and V. H. Tepoyan, On the extension of the Toeplitz
algebra by isometries; A. Kishimoto, Approximately inner and MF
flows; M. Mitkovski and B. D. Wick, The essential norm of operators
on Ap (Dn ); V. Müller, Large orbits of operators and operator
semigroups; H. Queffélec, Some recent results on approximation
numbers of composition operators; F. Radulescu, Free group
factors and Hecke operators; N. Tiţa, Remarks on some bounded
and multilinear maps; V. M. Ungureanu and V. Dragan, Stability
problems for positive evolution operators on ordered Banach spaces;
F.-H. Vasilescu, Perturbations of quotient operators and applications.

Chapter 1 (Introduction) describes the main motivations and
intentions of this book. Chapter 2 is a self-contained introduction
to Morrey spaces. Chapter 3 deals with hybrid smoothness spaces
(which are between local and global spaces) in Euclidean n-space
based on the Morrey–Campanato refinement of the Lebesgue spaces.
The presented approach, which relies on wavelet decompositions, is
applied in Chapter 4 to linear and nonlinear heat equations in global
and hybrid spaces. The obtained assertions about function spaces
and nonlinear heat equations are used in Chapters 5 and 6 to study
Navier–Stokes equations in hybrid and global spaces.
This book is addressed to graduate students and mathematicians who
have a working knowledge of basic elements of (global) function
spaces and who are interested in applications to nonlinear PDEs with
heat and Navier–Stokes equations as prototypes.
This item will also be of interest to those working in differential
equations.
A publication of the European Mathematical Society (EMS). Distributed
within the Americas by the American Mathematical Society.
Contents: Introduction; Morrey spaces; Hybrid spaces; Heat
equations; Navier–Stokes equations in hybrid spaces; Navier–Stokes
equations in global spaces; Bibliography; Symbols; Index.
EMS Tracts in Mathematics, Volume 22
January 2015, 196 pages, Hardcover, ISBN: 978-3-03719-150-7, 2010
Mathematics Subject Classification: 46-02, 46E35, 42B35, 42C40,
35K05, 35Q30, 76D03, 76D05, AMS members US$51.20, List US$64,
Order code EMSTM/22

International Book Series of Mathematical Texts
January 2015, 284 pages, Hardcover, ISBN: 978-606-8443-04-1, AMS
members US$59.20, List US$74, Order code THETA/20

Hybrid Function Spaces,
Heat and Navier–Stokes
Equations
Hans Triebel, Friedrich-Schiller
University Jena, Germany
This book is the continuation of Local
Function Spaces, Heat and Navier–Stokes
Equations (EMS Tracts in Mathematics,
volume 20, 2013) by the author. A new
approach is presented to exhibit relations
between Sobolev spaces, Besov spaces, and Hölder–Zygmund spaces
on the one hand and Morrey–Campanato spaces on the other.
Morrey–Campanato spaces extend the notion of functions of bounded
mean oscillation. These spaces play a crucial role in the theory of
linear and nonlinear PDEs.
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Classified Advertisements
Positions available, items for sale, services available, and more

KANSAS

academic-jobs and search by keywords

and diverse applicant pool. KU is an EO/

“TEACHING SPECIALIST.” A complete

AAE. All qualified applicants will receive

UNIVERSITY OF KANSAS

online application includes the following

consideration for employment without

Department of Mathematics

materials: on-line application; C.V.; cover

regard to race, color, religion, sex (includ-

letter; teaching statement; description

ing pregnancy), age, national origin, dis-

of relevant teaching, leadership and

ability, genetic information or protected

organizational experience; transcript copy

Veteran status.

Applications are invited for a Teaching
Specialist in calculus. Position expected
to begin June 1, 2015. PhD in Mathematics or Mathematical Sciences; record of
excellence in teaching college-level mathematics; excellent organizational and
leadership skills; ability to work well with
students, faculty, and administrators;
demonstrated oral and written communication skills. For a complete announcement and to apply online go to https://
employment.ku.edu/academic/2504BR
or h t t p s : / / e m p l o y m e n t . k u . e d u /

if degree has been obtained in the last five

000014

years; and the names and contact information for three references. In addition
three recommendation letters addressing the required qualifications should be
submitted to MathJobs.org at https://
www.mathjobs.org/jobs/jobs/, position #6966. Review of applications will
begin February 15, 2015 and continues
as needed to ensure a large, high quality,

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 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: May 2015 issue–March 2, 2015; June/July 2015 issue–April 29, 2015; August 2015 issue–May
29, 2015; September 2015 issue–June 29, 2015; October 2015–July 29, 2015; November 2015–August 31, 2015.
U.S. 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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MeetingsMeetings
& Conferences
& Conferences
of the AMS
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 and in an electronic issue of
the Notices as noted below for each meeting.

Huntsville, Alabama

Paul Pollack, University of Georgia, Big doings with
small gaps.

University of Alabama in Huntsville

Special Sessions
If you are volunteering to speak in a Special Session, you
should send your abstract as early as possible via the abstract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.

March 27–29, 2015
Friday – Sunday

Meeting #1109
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: January 2015
Program first available on AMS website: February 11, 2015
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 36, Issue 2

Deadlines
For organizers: Expired
For abstracts: Expired
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Eva Bayer-Fluckiger, EPFL (Lausanne), On the Euclidean
Division.
M. Gregory Forest, University of North Carolina at
Chapel Hill, Mathematics of Living Fluids.
Dan Margalit, Georgia Institute of Technology, Algebraic, geometric, and dynamical aspects of surfaces.
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Advances in the Theory and Applications of Dynamical
Systems, Shangbing Ai and Wenzhang Huang, University
of Alabama in Huntsville.
Analysis on Nonlinear Integral and Partial Differential
Equations, Tadele Mengesha and Tuoc Phan, The University of Tennessee.
Analytic Methods in Elementary Number Theory, Paul
Pollack, University of Georgia.
Fractal Geometry and Ergodic Theory, Mrinal Kanti
Roychowdhury, University of Texas-Pan American.
Geometric Group Theory and Topology, Tara Brendle,
University of Glasgow, Christopher Leininger, University
of Illinois at Urbana-Champaign, and Dan Margalit, Georgia Institute of Technology.
Graph Theory, Chris Stephens, Dong Ye, and Xiaoya
Zha, Middle Tennessee State University.
Mathematical Modeling in Ecology and Epidemiology,
Andrew Nevai and Zhisheng Shuai, University of Central
Florida.
New Developments in Population Dynamics and Epidemiology, Jia Li, University of Alabama in Huntsville, Maia
Martcheva, University of Florida, and Necibe Tuncer,
Florida Atlantic University.
of the
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Nonlinear Operator Theory and Partial Differential
Equations, Craig Cowan, University of Manitoba, and Claudio Morales, University of Alabama in Huntsville.
Quadratic Forms in Arithmetic and Geometry, Asher
Auel, Yale University, Jorge Morales, Louisiana State University, and Anne Quéguiner-Mathieu, Université Paris 13.
Recent Advances in Numerical Methods for Nonlinear
Partial Differential Equations, S. S. Ravindran, University
of Alabama in Huntsville.
Recent Progress in Differential Equations, Mathew
Gluck, University of Alabama in Huntsville.
Recent Trends in Mathematical Biology, Wandi Ding
and Zachariah Sinkala, Middle Tennessee State University.
Stochastic Analysis and Applications, Parisa Fatheddin,
University of Alabama in Huntsville.
Stochastic Processes and Related Topics, Paul Jung, University of Alabama at Birmingham, Erkan Nane, Auburn
University, and Dongsheng Wu, University of Alabama in
Huntsville.
Topology and Topological Methods in Dynamical Systems, John Mayer and Lex Oversteegen, University of
Alabama at Birmingham.

Las Vegas, Nevada
University of Nevada, Las Vegas
April 18–19, 2015
Saturday – Sunday

Meeting #1110
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: February 2015
Program first available on AMS website: March 5, 2015
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 36, Issue 2

Deadlines
For organizers: Expired
For abstracts: Expired
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Joel Hass, University of California, Davis, Optimal diffeomorphisms of surfaces and some applications.
Ko Honda, UCLA, An invitation to Floer homology.
Brendon Rhoades, University of California, San Diego,
Evaluating q-analogs in combinatorics and algebra.
Bianca Viray, University of Washington, Seattle, Reciprocity laws and rational points on varieties.

Special Sessions
If you are volunteering to speak in a Special Session, you
should send your abstract as early as possible via the
April 2015

Notices

abstract submission form found at www.ams.org/cgibin/abstracts/abstract.pl.
Algebraic Structures in Knot Theory, Sam Nelson, Claremont McKenna College, and Radmila Sazdanović, North
Carolina State University.
Algebraic and Enumerative Combinatorics, Drew
Armstrong, University of Miami, and Brendon Rhoades,
University of California, San Diego.
Algebro-Geometric Methods in Graph Theory, Mohamed
Omar, Harvey Mudd College, and Matthew T. Stamps,
KTH.
Arithmetic Geometry, Katherine E. Stange, University
of Colorado, Boulder, and Bianca Viray, University of
Washington.
Cloaking and Metamaterials, Jichun Li, University of
Nevada, Las Vegas, and Fernando Guevera Vasquez,
University of Utah.
Contact Geometry and Low-Dimensional Topology, Ko
Honda and Erkao Bao, University of California, Los Angeles, and Lenhard Ng, Duke University.
Data Analysis and Physical Processes, Hanna Makaruk,
Los Alamos National Laboratory, and Eric Machorro, National Security Technologies.
Developments of Numerical Methods and Computations for Fluid Flow Problems, Monika Neda, University of
Nevada, Las Vegas.
Evolution Problems at the Interface of Waves and Fluids,
I. Bejenaru, University of California, San Diego, and B.
Pausader and V. Vicol, Princeton University.
Extremal and Structural Graph Theory, Bernard Lidický
and Derrick Stolee, Iowa State University.
Geometric Inequalities and Nonlinear Partial Differential
Equations, Guozhen Lu, Wayne State University, Nguyen
Lam, University of Pittsburgh, and Bernhard Ruf, Università di Milano.
History of Mathematics, Satish C. Bhatnagar, University
of Nevada, Las Vegas.
Inverse Problems and Related Mathematical Methods
in Physics, Hanna Makaruk, Los Alamos National Laboratory, and Robert Owczarek, University of New Mexico,
Albuquerque.
Knots and 3-Manifolds, Abby Thompson and Anastasiia Tsvietkova, University of California, Davis.
Mathematical and Numerical Aspects of Modeling Flows
Through Porous Media, Aleksey S. Telyakovskiy and Stephen W. Wheatcraft, University of Nevada, Reno.
Modeling and Numerical Studies for Coupled System
of PDEs Arising From Interdisciplinary Problems, Pengtao
Sun, University of Nevada, Las Vegas.
New Developments in Noncommutative Algebra, Ellen
Kirkman, Wake Forest University, and James Zhang, University of Washington, Seattle.
Nonlinear Conservation Laws and Applications, Matthias Youngs, Indiana University-Purdue University Columbus, Cheng Yu, University of Texas at Austin, and Kun
Zhao, Tulane University.
Nonlinear Elliptic and Parabolic PDEs, Igor Kukavica,
University of Southern California, Walter Rusin, Oklahoma
of the

AMS
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State University, and Fei Wang, University of Southern
California.
Nonlinear PDEs and Variational Methods, David Costa,
Zhonghai Ding, and Hossein Tehrani, University of Nevada, Las Vegas.
Recent Advances in Finite Element Analysis and Applications, Jichun Li, University of Las Vegas, and Susanne
Brenner, Louisiana State University.
Recent Advances in Finite Element Analysis and Applications, Jichun Li, University of Nevada, Las Vegas, and
Susanne Brenner, Louisiana State University.
Set Theory, Derrick Dubose and Douglas Burke, University of Nevada, Las Vegas.
Stochastic Analysis and Rough Paths, Fabrice Baudoin,
Purdue University, David Nualart, University of Kansas,
and Cheng Ouyang, University of Illinois at Chicago.
Topics in Graph Theory: Structural and Extremal Problems, Jie Ma, Carnegie Mellon University, Hehui Wu, Simon
Fraser University, and Gexin Yu, College of William & Mary.

André Arroja Neves, Imperial College London, Min-max
Methods in Geometry.
Marcus du Sautoy, University of Oxford, The Secret
Mathematicians.
Sylvia Serfaty, Université Pierre et Marie Curie, Paris
& Courant Institute, NYU, Questions of Crystallization in
Systems with Coulomb and Riesz Interactions.
Gigliola Staffilani, Massachusetts Institute of Technology, Recent developments on Certain Dispersive Equations
as Infinite Dimensional Hamiltonian Systems.
Marcelo Viana, Instituto de Matemática Pura e Aplicada,
Brasil, Title to be announced.

Chicago, Illinois
Loyola University Chicago
October 3–4, 2015
Saturday – Sunday

Porto, Portugal

Meeting #1112
Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: June 2015
Program first available on AMS website: August 20, 2015
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 36, Issue 4

University of Porto
June 10–13, 2015
Wednesday – Saturday

Meeting #1111
First Joint International Meeting involving the American
Mathematical Society (AMS), the European Mathematical
Society (EMS), and the Sociedade de Portuguesa Matematica
(SPM).
Associate secretary: Georgia Benkart
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Program issue of electronic Notices: To be announced
Issue of Abstracts: Not applicable

Deadlines

Deadlines

Julia Chuzhoy, Toyota Technological Institute at Chicago, Title to be announced.
Andrew Neitzke, The University of Texas at Austin,
Title to be announced.
Sebastien Roch, University of Wisconsin-Madison, Title
to be announced.
Peter Sarnak, Princeton University, Title to be announced (Erdős Memorial Lecture).

For organizers: Expired
For abstracts: Expired
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
internmtgs.html.

Invited Addresses
Marcus du Sautoy, University of Oxford, UK, The Secret
Mathematicians (Evening Public Lecture)
Rui Loja Fernandes, University of Illinois at UrbanaChampaign, Global Aspects of Poisson Geometry.
Irene Fonseca, Carnegie Mellon University, Quantum
Dots and Dislocations: Dynamics of Materials Defects.
Annette Huber, Albert-Ludwigs-Universität Freiburg,
Germany, Differential Forms in Algebraic Geometry – A
New Perspective in the Singular Case.
Mikhail Khovanov, Columbia University, Categorification at a Prime Root of Unity.
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For organizers: Expired
For abstracts: August 11, 2015
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses

Special Sessions
If you are volunteering to speak in a Special Session, you
should send your abstract as early as possible via the abstract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.
Algebraic Methods Common to Association Schemes,
Hopf Algebras, Tensor Categories, Finite Geometry, and
Related Areas (Code: SS 1A), Harvey Blau, Northern Illinois University, Sung Y. Song, Iowa State University, and
Bangteng Xu, Eastern Kentucky University.
of the
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Combinatorial and Computational Algebra (Code: SS
4A), David Cook, Eastern Illinois University, and Sonja
Mapes, University of Notre Dame.
Groups, Rings, Group Rings, and Hopf Algebras – Celebrating the 75th Birthday of Professor Donald S. Passman
(Code: SS 2A), Jeffrey Bergen, Stefan Catoiu, and William
Chin, DePaul University‚Äã.
The Mathematics of Evolution (Code: SS 3A), Ruth Davidson and Ruriko Yoshida, University of Illinois UrbanaChampaign.

Memphis, Tennessee
University of Memphis
October 17–18, 2015
Saturday – Sunday

Meeting #1113
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: August 2015
Program first available on AMS website: September 3, 2015
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 36, Issue 3

Deadlines
For organizers: March 17, 2015
For abstracts: August 25, 2015
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Mark van Hoeij, Florida State University, Title to be
announced.
Vaughan Jones, Vanderbilt University, Title to be announced.
Mette Olufsen, 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 abstract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.
Advances in Operator Theory and Applications, in memory of James Jamison (Code: SS 5A), Fernanda Botelho,
University of Memphis, and T.S.S.R.K. Rao, Indian Statistical Institute Bangalore.
Analysis of Differential and Integral Equations (Code: SS
18A), D.P. Dwiggins and T. Hagen, University of Memphis.
Banach Spaces and Applications (Code: SS 4A), Anna
Kaminska, Peikee Lin, and Bentuo Zheng, University of
Memphis.
April 2015

Notices

Cahn-Hilliard and Related Equations and Applications.
(Code: SS 11A), Giséle Ruiz Goldstein, University of Memphis, and Alain Miranville, Université de Poitiers.
Computational Analysis (Code: SS 1A), George Anastassiou, University of Memphis.
Control and Inverse Problems for Partial Differential
Equations (Code: SS 6A), Matthias Eller, Georgetown
University, Shitao Liu, Clemson University, and Roberto
Triggiani, University of Memphis.
Difference Equations and Applications. (Code: SS 12A),
Michael A. Radin, Rochester Institute of Technology, and
Youssef Raffoul, University of Dayton.
Ergodic Theory (Code: SS 8A), James T. Campbell and
Mate Wierdl, University of Memphis.
Evolution Equations and Partial Differential Equations
(Code: SS 19A), Jerome A. Goldstein, University of Memphis, Rainer Nagel, Universitaet Tuebingen, and Guillermo
Reyes, University of Southern California.
Extremal Graph Theory (In Memory of Ralph Faudree)
(Code: SS 3A), Paul Balister, University of Memphis, Béla
Bollobás, University of Cambridge UK, and University of
Memphis, and Vladimir Nikiforov, University of Memphis.
Fractal Geometry and Dynamical Systems (Code: SS
2A), Mrinal Kanti Roychowdhury, University of TexasPan American.
Probabilistic Combinatorics (Code: SS 17A), Paul Balister, University of Memphis, and Béla Bollobás, University
of Cambridge UK, and University of Memphis.
Recent Advances in Commutative Algebra. (Code: SS
13A), Sandra Spiroff, University of Mississippi, and Lance
Miller, University of Arkansas.
Recent Developments in the Statistical Analysis of Large
Clustered Data (Code: SS 10A), E. Olusegun George, University of Memphis.
Spectra of Graphs and Hypergraphs. (Code: SS 9A),
Vladimir Nikiforov, University of Memphis.
Stabilization, Control, and Analysis of Evolutionary Partial Differential Equations (Code: SS 7A), George Avalos,
University of Nebraska Lincoln, Scott Hansen, Iowa State
University, and Justin Webster, North Carolina State University & College of Charleston.
The Analysis, Geometry, and Topology of Groupoids
(Code: SS 15A), Emily Proctor, Middlebury College, and
Christopher Seaton, Rhodes College.
Topological Combinatorics (Code: SS 14A), Eric Gottlieb,
Rhodes College, and Russ Woodroofe, Mississippi State
University.
von Neumann Algebras (Code: SS 16A), Vaughan Jones,
Vanderbilt University, and David Penneys, UCLA.

Fullerton, California
California State University, Fullerton
October 24–25, 2015
Saturday – Sunday

Meeting #1114
Western Section
of the

AMS
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Associate secretary: Michel L. Lapidus
Announcement issue of Notices: August 2015
Program first available on AMS website: September 10,
2015
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 36, Issue 4

Deadlines
For organizers: March 27, 2015
For abstracts: September 1, 2015

Deadlines
For organizers: April 14, 2015
For abstracts: September 22, 2015
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses

The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Mina Aganagic, University of California, Berkeley, Title
to be announced.
John Lott, University of California, Berkeley, Title to
be announced.
Eyal Lubetzky, Microsoft Research, Redmond, Title to
be announced.
Zhiwei Yun, Stanford 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 abstract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.
Geometric Analysis (Code: SS 1A), John Lott, University
of California, Berkeley, and Aaron Naber, Northwestern
University.
Mathematicians and Outreach Programs (Code: SS 2A),
Olga Radko, University of California, Los Angeles, and
Bodgan D. Suceava, California State University, Fullerton.
Spectral Asymptotics of Large Matrices (Code: SS 3A),
Alain Bourget and Tyler McMillen, California State University, Fullerton.
Strategies of Training Pre-Service Teachers (Code: SS
4A), Margaret Kidd, Cherie Ichinose, David Pagni, and
Bogdan D. Suceava, California State University, Fullerton.

New Brunswick, New
Jersey
Rutgers University
November 14–15, 2015
Saturday – Sunday

Meeting #1115
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: September 2015
Program first available on AMS website: To be announced
Program issue of electronic Notices: November 2015
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Lee Mosher, Rutgers University, Title to be announced.
Jill Pipher, Brown University, Title to be announced.
David Vogan, Massachusetts Institute of Technology,
Title to be announced.
Wei Zhang, Columbia 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 abstract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.
Advances in Valuation Theory (Code: SS 6A), Samar El
Hitti, New York City College of Technology, City University
of New York, Franz-Viktor Kuhlmann, University of Saskatchewan, and Hans Schoutens, New York City College
of Technology, City University of New York.
Algebraic Geometry and Combinatorics (Code: SS 9A),
Elizabeth Drellich, University of North Texas, Erik Insko,
Florida Gulf Coast University, Aba Mbirika, University of
Wisconsin-Eau Claire, and Heather Russell, Washington
College.
Applications of CAT(0) Cube Complexes (Code: SS 1A),
Sean Cleary, City College of New York and the City University of New York Graduate Center, and Megan Owen,
Lehman College of the City University of New York.
Aspects of Minimal Surfaces in Riemannian Manifolds
(Code: SS 4A), Zheng Huang and Marcello Lucia, City University of New York, Staten Island and Graduate Center.
Commutative Algebra (Code: SS 2A), Laura Ghezzi,
New York City College of Technology, City University of
New York, and Jooyoun Hong, Southern Connecticut State
University.
Difference Equations and Applications (Code: SS 5A),
Manos Drymonis, Providence College, Evelina Lapierre,
Johnson and Wales University, and Michael Radin, Rochester institute of Technology.
Geometric Topology: A Celebration of Jim West’s 70th
Birthday (Code: SS 3A), Alexandre Dranishnikov, University of Florida, Steve Ferry, Rutgers University, and Boris
Goldfarb, State University of New York at Albany.
Multiple Combinatorial Numbers and Associated Identities (Code: SS 8A), Hasan Coskun, Texas A&M UniversityCommerce.
Nonlinear Waves in Differential Equations (Code: SS
10A), Linghai Zhang, Lehigh University.
Representation Theory, Vertex Operator Algebras, and
Related Topics (Code: SS 7A), Corina Calinescu, New York
City College of Technology, City University of New York,
of the
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Andrew Douglas, New York City College of Technology
and Graduate Center, City University of New York, and
Joshua Sussan, Medgar Evers College, City University of
New York.

Seattle, Washington
Washington State Convention Center and
the Sheraton Seattle Hotel
January 6–9, 2016
Wednesday – Saturday
Joint Mathematics Meetings, including the 122nd Annual
Meeting of the AMS, 99th Annual Meeting of the Mathematical 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: October 2015
Program first available on AMS website: To be announced
Program issue of electronic Notices: January 2016
Issue of Abstracts: Volume 37, Issue 1

Deadlines
For organizers: April 1, 2015
For abstracts: To be announced

Deadlines
For organizers: August 19, 2015
For abstracts: February 2, 2016

Salt Lake City, Utah
University of Utah
April 9–10, 2016
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
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: To be announced
For abstracts: To be announced

Fargo, North Dakota

Athens, Georgia

North Dakota State University
April 16–17, 2016

University of Georgia
March 5–6, 2016
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
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: August 5, 2015
For abstracts: To be announced

Saturday – Sunday
Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: To be announced
For abstracts: To be announced
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Stony Brook, New
York

Special Sessions
If you are volunteering to speak in a Special Session, you
should send your abstract as early as possible via the abstract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.

State University of New York at Stony
Brook

Convexity and Harmonic Analysis (Code: SS 2A), Maria
Alfonseca-Cubero, North Dakota State University, and
Dmitry Ryabogin, Kent State University.

March 19–20, 2016
Saturday – Sunday
April 2015

Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced
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Ergodic Theory and Dynamical Systems (Code: SS 1A),
Dogan Comez, North Dakota State University, and Mrinal
Kanti Roychowdhury, University of Texas-Pan American.
Mathematical Finance (Code: SS 3A), Indranil SenGupta,
North Dakota State University.

Program first available on AMS website: To be announced
Program issue of electronic Notices: January 2017
Issue of Abstracts: Volume 38, Issue 1

Deadlines
For organizers: April 1, 2016
For abstracts: To be announced

Brunswick, Maine
Bowdoin College
September 24–25, 2016
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
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: To be announced
For abstracts: July 23, 2016

Denver, Colorado

Charleston, South
Carolina
College of Charleston
March 10–12, 2017
Friday – Sunday
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: November 10, 2016
For abstracts: To be announced

University of Denver
October 8–9, 2016
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
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: March 8, 2016
For abstracts: August 16, 2016

Bloomington, Indiana
Indiana University
April 1–2, 2017
Saturday – Sunday
Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Atlanta, Georgia

Deadlines

January 4–7, 2017

Pullman, Washington

For organizers: To be announced
For abstracts: To be announced

Hyatt Regency Atlanta and Marriott
Atlanta Marquis
Wednesday – Saturday
Joint Mathematics Meetings, including the 123rd Annual
Meeting of the AMS, 100th Annual Meeting of the Mathematical 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, with
sessions contributed by the Society for Industrial and Applied Mathematics (SIAM).
Associate secretary: Brian D. Boe
Announcement issue of Notices: October 2016
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Washington State University
April 22–23, 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
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced
of the
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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 Mathematical 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
Program issue of electronic Notices: 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 Mathematical 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
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: April 2, 2018
For abstracts: To be announced
April 2015
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Meetings and Conferences of the AMS
Associate Secretaries of the AMS
Central Section: Georgia Benkart, University of WisconsinMadison, 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 Mathematics, Lehigh University, Bethlehem, PA 18105-3174; e-mail:
steve.weintraub@lehigh.edu; telephone: 610-758-3717.

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 in the table of contents 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. Up-to-date meeting and conference
information can be found at www.ams.org/meetings/.

Meetings:
2015
March 27–29
April 18–19
June 10–13
October 3–4
October 17–18
October 24–25
November 14–15
2016
January 6–9
Annual Meeting
March 5–6
March 19–20
April 9–10
April 16–17
September 24–25
October 8–9
2017
January 4–7
Annual Meeting

Southeastern Section: Brian D. Boe, Department of Mathematics, 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 Mathematics, University of California, Surge Bldg., Riverside, CA
92521-0135; e-mail: lapidus@math.ucr.edu; telephone:
951-827-5910.

March 10–12
April 1–2
April 22–23

Charleston, South Carolina
Bloomington, Indiana
Pullman, Washington

p. 462
p. 462
p. 462

2018
January 10–13
Annual Meeting

San Diego, California

p. 463

2019
January 16–19
Annual Meeting

Baltimore, Maryland

p. 463

Important Information regarding AMS Meetings
Huntsville, Alabama
Las Vegas, Nevada
Porto, Portugal
Chicago, Illinois
Memphis, Tennessee
Fullerton, California
New Brunswick, New Jersey

p.
p.
p.
p.
p.
p.
p.

456
457
458
458
459
459
460

Seattle, Washington

p. 461

Athens, Georgia
Stony Brook, New York
Salt Lake City, Utah
Fargo, North Dakota
Brunswick, Maine
Denver, Colorado

p. 461
p. 461
p. 461
p. 461
p. 462
p. 462

Atlanta, Georgia

p. 462

Potential organizers, 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 abstracts on the easy-to-use interactive Web form. No knowledge of
is necessary to submit
an electronic form, although those who use
may submit
abstracts with such coding, and all math displays and similarily coded material (such as accent marks in text) must
be typeset in
. Visit www.ams.org/cgi-bin/abstracts/
abstract.pl. Questions about abstracts may be sent to absinfo@ams.org. Close attention should be paid to specified
deadlines in this issue. Unfortunately, late abstracts cannot
be accommodated.

Conferences in Cooperation with the AMS: (See www.ams.org/meetings/ for the most up-to-date information
on these conferences.)

April 2–5, 2015: The Second International Conference on Mathematics and Statistics (AUS-ICMS ’15). American
University of Sharjah, United Arab Emirates.
July 13–31, 2015: 2015 Summer Research Institute on Algebraic Geometry, University of Utah, Salt Lake City, Utah.
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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

Become an
AMS Life Member Today
“My AMS membership has been a passport to the broad world of mathematics, particularly
through Society-sponsored meetings and publications. I still remember well my first professional
presentation as a graduate student, at an AMS Sectional Meeting, and the thrill it brought
through the realization that this really was a community in which I could survive and thrive. As a
Native American, I have also deeply appreciated the AMS’s support for broadening participation
in the mathematical sciences… I believe that my AMS life membership has been a terrific investment whose professional dividends have paid for itself many times over.” – Robert Megginson

“My favorite part of being a Life Member of the AMS is reading the Notices each month. I feel it
keeps me connected to the mathematics community.” – Catherine A. Roberts

“I cannot imagine my professional life without the AMS; that’s why I became a Life
Member almost ten years ago. From regional meetings, research institutes, important
books and periodicals and MathSciNet® to advocacy for mathematical research and
education, the American Mathematical Society has given me a constant connection to all
aspects of the mathematical enterprise.” – Susan Jane Colley

“My experiences with the AMS were always pleasant, informative, and, always with
the best mathematical presentation…I have nothing but pleasant memories
about them.” – V. S. Varadarajan

Visit www.ams.org/membership for Life Membership rates.
For further assistance,
contact the AMS Sales & Member Services Department
at 800-321-4267 (U.S. & Canada), 401-455-4000 (Worldwide)
or email amsmem@ams.org

American Mathematical Society
Distribution Center
35 Monticello Place,
Pawtucket, RI 02861 USA

A MERICAN M ATHEMATICAL S OCIETY

Mathematics Awareness Month / April 2015 / mathaware.org
13
OLIVER BÜHLER

A Brief
Introduction
to Classical,
Statistical,
and Quantum
Mechanics

A Brief Introduction to Classical, Statistical, and
Quantum Mechanics

Five-Minute Mathematics
Ehrhard Behrends, Freie Universität Berlin, Germany
Translated by David Kramer

Oliver Bühler, New York University, Courant Institute, NY

A rapid overview of the basic methods and concepts in mechanics
for students in applied mathematics or related fields.
Titles in this series are co-published with the Courant Institute of Mathematical Sciences at New York
University.

Courant Lecture Notes, Volume 13; 2006; 153 pages; Softcover; ISBN: 978-0-8218-42324; List US$30; AMS members US$24; Order code CLN/13

The book has remarkable breadth. It covers probability theory, number
theory, the history of mathematics, finance, computer science, topology,
music, famous numbers, and on and on. ... This book is sure to be enjoyed
by everyone who loves mathematics. With chapters 3–5 pages long, it is the
perfect book to read before bedtime, on the beach, or on the train or bus while commuting
to work or school.
—MAA Reviews

Mathematical Understanding of Nature

Engaging and entertaining vignettes that demonstrate how mathematics is essential
to understanding our everyday world.

Essays on Amazing Physical Phenomena and Their
Understanding by Mathematicians

2008; 380 pages; Softcover; ISBN: 978-0-8218-4348-2; List US$36; AMS members US$28.80;
Order code MBK/53

V. I. Arnold

Lectures on Quantum Mechanics for
Mathematics Students

This is a wonderful book for browsing, for anyone drawn to physical
applications of mathematics or to Arnold himself and the breadth of his
interests.
—MAA Reviews

L. D. Faddeev, Steklov Mathematical Institute, St. Petersburg, Russia,
and O. A. Yakubovskiı˘, St. Petersburg University, Russia
with an appendix by Leon Takhtajan

2014; 167 pages; Softcover; ISBN: 978-1-4704-1701-7; List US$29; AMS members US$23.20;
Order code MBK/85

An Introductory Course on Mathematical Game
Theory
An Introductory
Course on
Mathematical
Game Theory
Julio González-Díaz
Ignacio García-Jurado
M. Gloria Fiestras-Janeiro

Julio González-Díaz, Universidade de Santiago de Compostela, Spain,
Ignacio García-Jurado, Universidad de Coruña, Spain, and
M. Gloria Fiestras-Janeiro, Universidade de Vigo, Spain

An exposition of quantum mechanics from a mathematical point
of view, with much attention to group representation theory and
scattering theory.
Student Mathematical Library, Volume 47; 2009; 234 pages; Softcover; ISBN: 978-08218-4699-5; List US$39; All individuals US$31.20; Order code STML/47

An Introduction to Theoretical Fluid Mechanics
19
STEPHEN CHILDRESS

Graduate Studies
in Mathematics
Volume 115

American Mathematical Society
Real Sociedad Matemática Española

If reviewers like a book, they often state that it deserves a place on your
bookshelf. This book doesn’t deserve such a desolate fate. It deserves a place
on your student’s desk, preferably with a broken spine from heavy use and
densely annotated.
—Game and Economic Behavior

A substantial treatment of game theory that includes the subtle and often overlooked topic of cooperative games.
Graduate Studies in Mathematics, Volume 115; 2010; 324 pages; Hardcover; ISBN:
978-0-8218-5151-7; List US$62; AMS members US$49.60; Order code GSM/115

Order Online:
www.ams.org/bookstore

An Introduction
to Theoretical
Fluid Mechanics

Stephen Childress, New York University, Courant Institute of
Mathematical Sciences, NY

A concise survey emphasizing the mathematical methods that have
their origin in fluid theory.
Titles in this series are co-published with the Courant Institute of Mathematical Sciences at New York
University.

Courant Lecture Notes, Volume 19; 2009; 201 pages; Softcover; ISBN: 978-0-8218-48883; List US$31; AMS members US$24.80; Order code CLN/19

Order by Phone:
(800)321-4267 (U.S. & Canada),
(401)455-4000 (Worldwide)

facebook.com/amermathsoc
@amermathsoc
plus.google.com/+AmsOrg

