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1.4. DISCRETE MODELS

Suppose that a time series of ¢ + 1 data points

Yo, Y1, Y2 -+, Yq
is given. A likelihood function L gives the probability that the observed data
would result from the proposed stochastic mechanism relative to all other pos-
sible outcomes [132]. The data g, is a realization of the random variable z (t).
On the log scale, wy = Iny; is a realization of the random variable Inz (£) . The
likelihood function L is
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where p (wy|w;1) is the joint probability distribution function (pdf) that w; oc-

curs given that w;_y oceurs. This is a normal pdf with mean In f (y,_1.01, ..., 6,)
and variance v. Thus,
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ters 0y,...,0,,v that maximize L (6,,...,0,,v), or equivalently that maximize
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Opinion

Commentary on
Education Legislation:
A Mathematical

Perspective

In the years since the Bush administration’s No Child Left
Behind (NCLB) Act, it has become increasingly clear that
federal policy can affect the general climate in American
schools. Improvements in student mathematics perfor-
mance have been isolated and minimal, a fact that is not
surprising considering that the policies in NCLB were
primarily determined by those with partisan political
agendas, not mathematicians or teachers. The interested
parties, not to mention the American public, seem to agree
that students are not performing adequately in math, yet
the question of what to do about the problem remains. In
March the Obama administration released A Blueprint for
Reform, its vision for rewriting NCLB, once again making
the pipeline to higher education the subject of Congres-
sional debate. Mathematicians can best guide this debate
by addressing the shortcomings of NCLB and lobbying for
reform in the mathematics preparation of college-bound
students.

Unfortunately, it is difficult to identify specific learning
outcomes from NCLB because of its ubiquitous implemen-
tation. That is, because no adequate control group exists,
changes in mathematics proficiency cannot be directly
attributed to NCLB. However, an analysis of teacher re-
sponses and resulting trends show a problematic shift
in classroom teaching. The results of a survey of Washing-
ton, DC-area middle school mathematics teachers a few
years after NCLB had been in effect indicated that most
teachers had increased the time spent on standardized
test preparation but had not meaningfully engaged with
their students in mathematics lessons. Teacher interviews
then identified a third effect: a narrowed mathematics
curriculum that selectively discarded material known not
to be on standardized tests.

These trends are related. High-stakes assessments
provoke test training, which forces teachers to abandon
potentially important and relevant material; this, in turn,
limits mathematically engaging activities that are unfor-
tunately too time-consuming. Now is the time for the
mathematics community to voice its concern.

Reactions by those involved in NCLB provide a contro-
versial context for these trends. Pat O’Connell Ross, the
highest federal official responsible for school mathematics
in the Bush administration’s U.S. Department of Educa-
tion (USDE), responded by suggesting that mathematics
teaching “is very rarely teaching for understanding”;
she nevertheless defended NCLB: “if they’re [teachers]
not teaching better, that’s not NCLB’s fault.” But Cathy
Seeley, president of the National Council of Teachers of
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Mathematics (NCTM) at the time, remarked that “most of
the additional test preparation...has been the lower level
kind...where you can do some things that will help test
scores next week or this month or even this year, but that
might not be serving students well for the future.” She and
David Klein, a leading “back-to-basics” advocate, agreed
that NCLB provided little incentive for directly engag-
ing students in learning more. Representative Chris Van
Hollen (D-MD) noted that it was obviously “a mistake to
[teach to] a test that the teacher did not feel was actually
measuring mastery of the material.”

Regrettably, Obama’s Blueprint appears to resolve only
slightly the problems of NCLB. Those in higher education
should pay attention to the evolution of the next education
legislation because it will directly affect the mathematics
that their incoming students will have been exposed to
and understand. The belief that teachers of mathematics
should be competent in the subject matter will be impor-
tant, but a continued dependence on standardized assess-
ments as a measure of achievement will perpetuate the
dangerous cycle described above, leading to a narrow and
disconnected curriculum. Both teaching and learning will
be compromised. But if testing mandates are restructured
so that tests are deemphasized, the focus can return to the
material itself, thereby improving performance.

New education law should promote good mathematics
teaching, which cannot be accomplished by simply telling
teachers or schools what to do. The long debate over the
merits of reform-oriented and traditional mathematics
instruction developed some consensus on what good
mathematics teaching is, and legislation should address
important aspects of contemporary mathematics educa-
tion such as engagement and conceptual understanding.
It should provide incentives for teachers to be connected
to and involved in research on mathematics teaching
and learning. And while standardized assessment may
be a necessary evil of centrally controlled education, its
regulation should be softened, and incentives should
exist for meaningful, formative evaluation. Even with
good standards and standards-based tests, if the stakes
are too high, then goals can become blurry and education
compromised.

Lastly, it is important that new education law consider
possible adverse effects. Under NCLB, schools must meet
specific established benchmarks in the form of Adequate
Yearly Progress, and their failure to meet them can
result in action by the state or school district. As an
example, consider that more than two hundred teachers
in Washington, DC, were fired by the district in July 2010,
many allegedly over NCLB-related issues. Later explana-
tions cast doubt on the proffered justification for the
firings, and the resulting controversy became politicized
to the extent that genuine reform of the system has been
jeopardized.

The innate pressure in the system creates an environ-
ment in which teachers are more inclined toward unethical
teaching practices. The practice of teaching to the test and
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the existence of cheating by teachers and administrators
by guiding test-takers to the correct answers or making
available advance copies of tests have been documented.
When it is in the best interest of each state to have larger
percentages of proficient students, standards can be
relaxed and tests watered down so that more students
pass. The Common Core Standards recently adopted by
a number of states may represent a start in reducing this
tendency, as most states will be judged by the agreed-on
national standards. Another negative influence lies in the
emphasis on the proficiency threshold. It has been shown
that in order to optimize the number of students labeled
as proficient, schools and teachers may focus on students
near the cutpoint. Students perceived to be well above or
hopelessly below that cutpoint may not receive attention

mathematicians. Van Hollen said that “the teachers are...
essential to making anything successful,” yet 70 percent
of the teachers in the survey did not support NCLB. They
argued that NCLB is “making teaching [mathematics] a
difficult profession” and that “teachers get no support
to achieve [NCLB’s] goals,” producing a “one-size-fits-all
format of teaching.” This is not an appropriate setting for
future math majors.

—Matthew M. Pascal
West Virginia University
matt.pascal@math.wvu.edu

equal to that given to their peers.

Perhaps most importantly, new legislation must in-
corporate the input of both teachers of mathematics and

—Mary Gray
American University
mgray@american.edu

Letters to the Editor

Cartan, Europe and Human
Rights

I was surprised to read some errone-
ous information in the paper “Cartan,
Europe, and human rights” in the Sep-
tember 2010 issue of the Notices. T am
referring in particular to the informa-
tion regarding the 1950 International
Congress of Mathematicians, held
in Cambridge, Massachusetts. Jean-
Pierre Bourguignon writes:

“The visa application Laurent
Schwartz had made to attend the
ICM where he was to receive the Fields
Medal had been set aside by the U.S.
Embassy in Paris. In order to exert
maximum pressure, Henri Cartan col-
lected the passports of all the French
ICM participants and threatened that
there would be no French participa-
tion if Schwartz was not allowed to
enter the United States.”

There are a few wrong assertions in
this sentence, for instance that Henri
Cartan collected passports (they in
fact were boat tickets) and that this
concerned all the French participants
(of course, a few French participants
decided they would go to Cambridge
in any case). A useful piece of informa-
tion, the fact that Cartan was acting as
the president of the Société Mathéma-
tique de France, is missing.

8

But the main error is the name of
the French mathematician to whom
the State Department refused to give
avisa. There had indeed been a prob-
lem with Schwartz’s visa, but it had
been solved. The problem concerned
Jacques Hadamard, who was eighty-
five and a vice president of the Con-
gress. He had spent the wartime in the
States and was by 1950 considered a
dangerous communist, and thus the
State Department did not want to give
him a visa.

References for that are numerous
(Schwartz’s autobiography A Math-
ematician Grappling with His Century,
the biography Jacques Hadamard: A
Universal Mathematician by Mazia
and Shaposhnikova, to quote only ac-
cessible sources).

This error appeared in the original
publication of Bourguignon’s piece
in the Newsletter of the European
Mathematical Society, and it is sur-
prising that it was not corrected
before publication in the Notices.
That Hadamard was considered a
dangerous figure by the U.S. govern-
ment seems unbelievable today...
so unbelievable, that this episode
seems to have disappeared from the
collective memory of French math-
ematicians. But the fact that such a
thing seems unbelievable does not

NOTICES OF THE AMS

prevent it from happening again in
the future. This is the reason why I
find it important to correct the error.

—Michéle Audin
Université de Strasbourg
michele.audin@math.unistra.fr

(Received October 4, 2010)

Remembering Paul Cohen

Regarding the recent article “Remem-
bering Paul Cohen” in the Notices, 1
hope that the following few further
reminiscences might be of interest.
My educational path somewhat paral-
leled Paul’s, since I was a student at
Stuyvesant High School and did my
graduate work at the University of
Chicago, albeit in both cases about
four years later than Paul. I had already
heard about Paul while at Stuyvesant
from the coach of the Math Team, Mr.
Greenberg, who was still raving about
Paul’s abilities in mathematics a few
years after Paul had graduated. While
I was a graduate student at Chicago I
attended Paul’s lecture about his then
new solution of Hilbert’s First Problem,
the Continuum Hypothesis.

I did not, however, meet him per-
sonally until the early 1970s, when I
frequently visited Stanford as a result
of collaborations with Jim Milgram. I
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was perhaps most amazed at Paul’s
universal thirst for knowledge in all
areas. As one example, on my second
visit to Stanford I was met by Jim at
the San Francisco airport, and he told
me we were also picking up Paul, who
was arriving about the same time. On
the drive back to Stanford, I was first
of all surprised that Paul remembered
me (we had just met briefly a couple
of years previously), and secondly
that he also remembered that I was
living in Alberta, Canada. He then
totally amazed me when he asked
me for many details about all of the
native Indian tribes of the province
(he already knew the names of these
tribes), followed by questions about
the mean temperatures in Calgary and
Edmonton during the winter months.

Although I did not have any direct
mathematical interaction with Paul,
we did share the common hobby of
magic. I always make a point of tell-
ing my students which tricks I learned
from Paul Cohen when I show them
in class. In closing, it seems fitting
to quote my colleague Sashi Srivas-
tava in Kolkata (Calcutta), “There
has been much wonderful mathe-
matics developed in the twentieth
century, but what Paul Cohen did
with his principle of forcing goes be-

’

yond that, it was ‘divine inspiration’.

—DPeter Zvengrowski,
University of Calgary

(Received October 1, 2010)

Response to Underwood Dudley

I recently had the opportunity to re-
read Underwood Dudley’s essay on
the purpose of mathematics educa-
tion. On the one hand I was tickled
by it and found its main argument
compelling: as an instructor at a com-
munity college, I have scrupulously
refrained from insulting my students’
intelligence by suggesting that they
might use the quadratic formula in
any way outside of a mathematics
classroom.

But I do have two objections to
make. The first is that there is one
unambiguous application of alge-
bra in many workplaces: spread-
sheets. While not everyone who uses
a spreadsheet knows how to enter
formulas, at least one person in every
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workplace presumably has (or should
have) the algebraic skill to do so.
Knowing (some) algebra then becomes
a valuable tool for job advancement.

The second objection is that al-
gebra may not be used in many
jobs, but there is no question that
it acts as a barrier to access to many
jobs—particularly the most desirable
and empowering ones.

This is hardly controversial: col-
lege entrance exams like the SAT
and ACT are heavy on algebra; an
overwhelming majority of colleges
and universities also require students
to pass a math placement exam, or
suffer through one or more quarters
of remedial algebra (even if their in-
tended path is an associate’s in child
development, so that they can work
at Head Start). At the other extreme,
think about the engineer’s licensing
exam, which includes a paper-and-
pencil test on integral and differential
calculus, differential equations, and
matrix operations—none of which the
working engineer would ever dream
of doing by hand. Finally, consider
that many (most?) people who try
to get graduate degrees in the social
“sciences” these days are required to
use statistics at a fairly sophisticated
level for their thesis, one that would
be immeasurably helped by a solid
understanding of algebra.

In short, the broader society has
another answer to the question “What
is mathematics for?” It is a mecha-
nism by which we screen out peo-
ple who are (overwhelmingly) poor
(and disproportionately people of
color) from participating meaning-
fully in our economic arrangements.

—Matteo Tamburini, Instructor,
Northwest Indian College
zeroman@u.washington.edu

(Received October 14, 2010)

Speaking with the Natives
Redux

I was disappointed to read in the Oc-
tober 2010 issue in Gerald B. Folland’s
article “Speaking with the natives” the
sentence “As far as I know, that unfor-
tunate bit of whimsical nomenclature
has not caused us any serious embar-
rassment yet, but if it does, I suggest
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that its perpetrators be sentenced to
a year of hard labor teaching remedial
algebra.” This is an arrogant, snide
remark about a large number of teach-
ers and students. Here is what I know.
The teachers of what we call devel-
opmental mathematics are dedicated
educators who care for their students,
who care for mathematics, and who
are excellent teachers. They do an
important task for mathematics de-
partments for which they deserve the
respect of the mathematical commu-
nity. I believe that we should encour-
age and appreciate the teaching and
learning of mathematics at all levels.

—John Grant,
Towson University
JGrant@Towson.edu

(Received October 15, 2010)

Correction

The September 2010 issue of
the Notices featured a series of
four articles under the heading
“A Tribute to Henri Cartan”. The
photographs for these articles
were kindly provided to the No-
tices by the family of Henri Car-
tan. Unfortunately, this infor-
mation was not included in the
article.

In the particular article en-
titled “A tribute to Henri Cartan”,
the photo caption on page 948
was truncated. It should have
read “Nicole and Henri Cartan,
Paris, 1961”. The caption for the
photograph on page 947 should
have read “Henri Cartan, at his
home desk in Paris, 1981”.

—Sandra Frost
Managing editor




Vortices and
Two-Dimensional Fluid
Motion

C. Eugene Wayne

he study of fluid motions is of obvious

importance for a host of applications

ranging in scale from the microscopic

to the atmospheric. Since we live in a

three-dimensional world, it may be less
obvious why the understanding of two-dimensional
fluid flows is of interest. However, in many appli-
cations, such as the atmosphere or the ocean, the
fluid domain is much smaller in one direction than
in the other two—and also smaller than the typical
size of features of interest in the fluid. For example,
in the case of the atmosphere, the thickness is a
few tens of kilometers, while the lateral extent is
tens of thousands of kilometers and the diameter
of a feature such as a hurricane can be several
hundreds of kilometers. Furthermore, in both the
atmosphere and the ocean, the applicability of a
two-dimensional approximation is enhanced by
two additional effects: the stratification of the
medium (which reduces the effective thickness of
the domain) and the rotation of the earth, which
tends to reduce variations in the vorticity field with
height and means that in any cross-sectional plane,
the flow is effectively two-dimensional. In such
circumstances a two-dimensional approximation to
the fluid motion can provide very accurate insights
into the behavior of the physical system.

Even more interesting is the fact that two- and
three-dimensional fluids behave in qualitatively
different fashions. In three-dimensional flows
energy typically flows from large-scale features to
small ones until it is dissipated by the viscosity
of the fluid. In two dimensions the phenomenon
tends to reverse itself, and the energy concentrates
itself in a few large vortex-like structures. This
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phenomenon, known as the “inverse cascade”,
manifests itself in a striking visual way through the
coalescence of many small vortices into a smaller
number of larger vortices.

fat)
k)

Figure 1. Atmospheric vortices formed by wind
flowing past the Aleutian Islands, captured by
Landsat 7 [17]. Note that in this image, the
vorticity field cannot be directly visualized.
Instead, one views passive tracer particles (i.e.,
clouds!) that are carried along by the
background flow and which are believed to
accurately mimic the vorticity field.

A beautiful visualization of this effect was
created by Maarten Rutgers in turbulent soap
films (see Figure 2). The patterns make visible
differences in the vorticity of the fluid. The
vorticity will be defined more precisely below
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but basically represents the rotational speed of the
fluid either clockwise or counterclockwise. In this
figure, the flow begins above the top of the picture
and falls under the influence of gravity toward the
bottom of the picture, so going down in the picture

indicates a later stage in the evolution of the flow.

The tendency of the vorticity to organize itself into
larger and larger structures is clearly visible.

A\ )

Figure 2. Two-dimensional turbulent flow
visualized in a soap film by Maarten
Rutgers—for an even more striking illustration
of this phenomenon, see the video clip under
the “Turbulence” section of
[http://maartenrutgers.org/|[20].

The growth in the size of vortices and the
reduction in their numbers is also visible in
numerical experiments, such as those displayed
in Figure 3, that are the result of research by
the vortex dynamics group at the Technische
Universiteit Eindhoven (TUE), Netherlands. One of
the main goals in the study of two-dimensional
turbulent flows has been to understand and explain
this inverse cascade and in particular to explain the
tendency of the vorticity to coalesce into a smaller

and smaller number of larger and larger vortices.

In this article I will explain how by exploiting ideas
from the kinetic theory of gases one can show that
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almost all two-dimensional viscous flows eventually
approach a single, large vortex.
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Figure 3. A numerical simulation of a
two-dimensional turbulent flow. The figures
display the vorticity field (with blue and red
representing fluid swirling in opposite
directions) at successively later and later times
and clearly indicate the tendency of regions of
vorticity of like sign to coalesce into a smaller
and smaller number of larger vortices [21].

The typical way of describing the motion of a
fluid is through its velocity field, v(z,t); that is,
through a vector field that at each point in space
and time gives the velocity of the fluid at that
point. However, more than 150 years ago Helmholtz
realized that in addition to the velocity, the vorticity
of the fluid carries important information about
the nature of the flow. As mentioned above, the
vorticity roughly measures the swirl in a fluid. More
precisely, the vorticity is defined as the curl of the
fluid velocity,

w(z,t) =V xv(z,t).

Note that we see already an important difference
between two and three dimensions—in two di-
mensions, only one component of the vorticity
is nonzero, and thus we can treat the vorticity
essentially as a scalar field.

For an incompressible fluid, the fluid velocity
satisfies the Navier-Stokes equations, the system
of coupled nonlinear partial differential equations

(1) OvV+V- Vv=vAv—%Vp,
(2) V:-v=0,

where v is the kinematic viscosity of the fluid (which
we will assume is constant), p is the fluid density
(which is constant due to the incompressibility
condition), and p = p(z,t) is the pressure in
the fluid. The first of these equations is just
Newton’s law for the fluid, with the left-hand
side representing the acceleration of the fluid
and the right-hand side the forces acting on it.
We will assume that the only forces present are
the internal viscous forces, modeled by the first
term on the right-hand side, and the pressure
forces, represented by the second. External forces
acting on the fluid could be incorporated by
adding additional terms to the right-hand side of
the equation. We will also ignore the effects of
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boundaries on the fluid by assuming that the fluid
occupies all of R? with d = 2, 3.

In order to determine how the vorticity evolves,
one can take the curl of both sides of the first of the
Navier-Stokes equations. The dynamics represented
by the two- and three-dimensional equations are
strikingly different despite the close relationship
between the equations. In three dimensions one
has the system of equations
(3)

Oiw(z,t) —w-Vv(z,t) +v-Vw(z,t) = VAw(z,t),

while in two dimensions one has only the single,
scalar equation

4) Jrw(z,t) +v-Vw(z,t) = vVAw(z,t).

(We will use a boldface w to denote the vorticity
vector and an w to denote the single, nonzero
component of the vorticity in two dimensions.)
The presence of the “vortex stretching term”,
—w - Vv(z,t) in (3), is a critical physical difference
between these two equations. For certain special
fluid configurations, this term can lead to a sort of
feedback mechanism in which the vorticity begins
to grow. While it is not known if this growth
can continue without bound, there is no obvious
mechanism to stop its growth, and this is the
physical source of the uncertainty as to whether
or not smooth solutions of the Navier-Stokes
equations exist for all time in three dimensions.
The fact that it is still unknown whether or not the
partial differential equations that are believed to
describe such a basic system as fluid motion have
unique, smooth solutions makes this obviously an
extremely important question, and the successful
resolution of this question (or the discovery of
an example demonstrating the formation of a
singularity in the solution in finite time) was
chosen by the Clay Mathematics Institute as one of
the one-million-dollar Millennium Prize Problems.
The role of the vortex-stretching term and its
relationship both to the possible formation of
singularities and the analysis of the Navier-Stokes
equation is discussed in detail in [5]. In contrast,
in two dimensions the absence of this term allows
one to construct global solutions of the two-
dimensional vorticity equation, even for initial data
with very little regularity [8].

One respect in which the vorticity formulation
of the fluid equations is less convenient than the
velocity-pressure formulation is that the velocity
still appears in equations (3) and (4) for the
evolution of the vorticity. However, if we remember
that the vorticity is the curl of a divergence-free
vector field (i.e., the velocity), then we can recover
the vorticity field from the velocity field via the
Biot-Savart law, which inverts the curl, and which
in the two-dimensional case on which we will focus
from now on takes the form

7)1
65) vizn=— [ EZB.

an Rzm w(i,t)di
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Here, if z = (x,y) € R?, then z* = (-y,x). Thus
the velocity can be regarded as a linear, but
nonlocal, function of the vorticity. With this point
of view the two-dimensional vorticity equation
(4) can be regarded as a nonlinear heat equation
in which the nonlinear term is quadratic and
nonlocal. As we will see later, this relationship with
the heat equation will play an important role in
understanding solutions of (4).

Let’s now look more closely at equation (4) and
try to understand the influence of various terms in
the equation. First consider the case in which v = 0
(the inviscid case). In this case, if we pretend for the
moment that the velocity field is given to us, rather
than being determined by the vorticity, then the
equation becomes simply a transport equation in
which the vorticity is carried along by the velocity
field. In reality, the situation is more complicated,
because as the vorticity is advected by the velocity
field, the velocity field itself changes in response
to the changing vorticity; and in order to obtain
an accurate model of the evolution of the vorticity,
one must incorporate the “feedback” of the vortex
motion on the velocity field.

Helmholtz, and then later and more system-
atically Kirchhoff, made the assumption that the
vorticity could be written as a finite sum of point
vortices (i.e., delta functions) whose positions
moved in response to the velocity field they cre-
ated. Note that the velocity field of a point vortex
can be computed explicitly from the Biot-Savart law,
and using this, Helmholtz and Kirchhoff could track
the dynamical evolution of the velocity field in their
model and account for the feedback the vortex mo-
tion creates. Thus, if one assumes that the vorticity
field can be written as w(z, t) Zk 1 Ikd(z—2z;(t)),
where T; is the strength of the j vortex and z;(t)
is its position and substitutes this into the v = 0
case of (4) (and interprets the solution in an
appropriate weak sense—see [13] for details), then
one finds explicit ordinary differential equations
for the locations of the centers of the vortices. If
one sets z; (f) = (xj(t) y;j(t)), then one finds that

Zk|z
Zk

These equations have explicit solutions for a
number of simple arrangements of small num-
bers of vortices. For instance, one can easily
check that two vortices of equal strength will
move on a circle about the point midway be-
tween them, while two vortices of opposite
strength will move on parallel lines, in a di-
rection perpendicular to the line joining them (see
Figure 4).

The set of equations (6) turns out to have a
number of remarkable properties [18]. For instance,

t)__ ’
I_Zk|2

(6)

yi(t) =
! IZJ —ZklZ
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Vortices of equal strength Vortices of opposite strength

Figure 4. The dynamics of the centers of a pair
of point vortices of equal strength and of
opposite strength.

it is a Hamiltonian system in which the Hamiltonian
is proportional to the sum of the logarithm of the
distance between pairs of vortices; furthermore,
if the number of vortices is three or less, it
is a completely integrable Hamiltonian system.
However, if one has four or more vortices, one
typically finds chaotic solutions.

In spite of the special properties of the point-
vortex equations, analytic solution for general
initial data becomes quickly impossible for more
than a small number of vortices. (An exception
to this general rule are the equilibrium and
relative equilibrium solutions, for which there are
interesting connections with analogous solutions
in the N-body problem in celestial mechanics [1].)
However, given the Hamiltonian nature of the
equations of motion and the chaotic nature of their
solutions for large numbers of vortices, it is natural
(atleastin retrospect) to attempt to understand the
behavior of large collections of vortices with the
aid of statistical mechanics. Thus, if one considers
the initial vorticity distribution in Figure 3, one
can imagine it as a “gas” of point vortices that
interact with the other vortices through a potential
energy function in which the energy of a vortex pair
is proportional to the logarithm of the distance
between them. Lars Onsager may have been the first
person to adopt this point of view, and it led him to
aremarkable conclusion [7]. Onsager found that the
statistical mechanical description of a collection of
point vortices moving according to the equations
of motion (6) could support states in which a
parameter analogous to the absolute temperature
in a traditional statistical mechanical system was
actually negative. Furthermore, Onsager realized
that a consequence of these negative temperature
states was that vortices of like sign would coalesce
and that this could explain the tendency observed
in Figure 3 for large vortices of each sign to form
as the fluid evolves. As Onsager himself put it ([19],
quoted in [7])

It stands to reason that the large
compound vortices formed in this
manner will remain as the only con-
spicuous features of the motion.
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Thus Onsager had provided a means of explaining
how large vortices could form from random
collections of small vortices, provided the effects
of viscosity are ignored and assuming that the
hypotheses that underlie the theory of statistical
mechanics are satisfied.

It is not only in the theoretical understanding
of fluid flows that the Helmholtz-Kirchhoff point
vortex model has played an important role. Even
though one cannot solve the equations (6) analyti-
cally for more than a few vortices, they are perfectly
amenable to numerical solution, and this idea has
formed the basis of “vortex methods” or “meshless
methods” in computational fluid mechanics. In
this approach, one first approximates the initial
distribution of vorticity by a collection of point vor-
tices (or, more frequently in numerical approaches,
smoothed vortices with finite size cores). The key
quantities are the location and strength of each
of the vortices. The vortex strength is typically
conserved, and thus the evolution of the fluid can
be tracked by following the locations of the centers
of the vortices via a system of ordinary differential
equations such as (6). It can be shown that vor-
tex methods give convergent approximations (as
the number of points used in the approximation
tends to infinity) to inviscid fluid flows (though
sometimes with relatively slow convergence rate).
However, one problem that can arise is related to
Onsager’s observation that in a large collection
of vortices, those of like sign will tend to clump
together. Thus, after some time, large parts of
the computational domain may have only a very
few vortices, which leads to a loss of information
about the flow in these regions. For a further
discussion of the advantages and disadvantages of
using vortex methods to numerically approximate
two-dimensional flows see the recent monograph
of Majda and Bertozzi [12], while [2] contains
a survey of recent improvements in the vortex
method, with a particular focus on how one can
incorporate viscous effects in the method.

Thus far, we have mainly discussed the limiting
case of the Navier-Stokes equation in which the
viscosity is zero. In realistic fluids (with the
spectacular exception of super fluids) the viscosity
may be small but is never zero, so we next consider
its effects on the preceding scenarios. One can show
that for finite (sometimes short) times, the solution
of the weakly viscous Navier-Stokes equation with
appropriate initial data is well approximated by
solutions of the point-vortex model [13]. However,
these short-time results cannot provide insight into
the long-time phenomena that occur in the “inverse
cascade”. Indeed, we’ll see that even within the
long-time regime there are two distinct time scales,
one on which the inviscid phenomena predicted
by Onsager appear and a second, typically longer,
time scale over which viscous effects manifest
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Figure 5. The vorticity field around a
swimming “fish”, computed with a modern
vortex method [6]

themselves and which we show below lead to the
formation of a single large vortex in the system.

If we ignore the nonlinear term and focus on
the linear terms in the equation, we just find the
two-dimensional heat equation

(7) 0w = VAW .

In this equation we know that the effects of the
Laplacian term are to spread things out—or diffuse
them—at a rate proportional to v. Indeed, if we
were to take a point vortex, i.e., a Dirac 6-mass,
as an initial condition, we know that the effect of
the equation is just to “smear” this point out into
a Gaussian. More precisely, if we take an initial
condition w(z,0) = xd6(z) for (4), and we ignore
the nonlinear term in the equation, then we find
immediately that the resulting solution is

(8) w(z,t) = x e 1zlP v

41Tve

Remarkably, this explicit Gaussian turns out to
be an exact solution not only of the linear heat
equation but also of the nonlinear two-dimensional
vorticity equation, known as the Oseen-Lamb vortex.
To see the reason for this, recall that since the fluid
is incompressible, its velocity field is divergence
free. In this case the Helmholtz decomposition
implies the existence of a stream function y(z)
such that v(z) = (0, ¢, —0xy). Thus the vorticity
is related to the stream function via the equation

9) w(z,t) = 0xvz — 0, Vi = —Ay(z,1).

In the present example of the Oseen-Lamb vortex,
in which the vorticity is a purely radial function
depending only on |z|, solving Poisson’s equation
will give a stream function that is also purely radial
and that in turn gives rise to a purely tangential
velocity field. Since the nonlinear term in the
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vorticity equation consists of the dot product of
the velocity field with the gradient of the vorticity,
we will have the dot product of a tangential with a
radial vector; i.e., the value of the nonlinear term is
zero when evaluated on the velocity and vorticity
fields of the Oseen-Lamb vortex. In this case the
vorticity equation reduces to the heat equation,
which, as we have already remarked, is solved by
the Oseen-Lamb vortex.

Note that in the expression for the vorticity field
of the Oseen vortex the space and time variables
are linked in a special fashion. This suggests that it
may be convenient to study the vorticity equation in
new variables, so-called scaling variables. With this
in mind we define new dependent and independent
variables through the change of variables
(10)

(x,y,t)= L w( X Y
U=\ ar e iz e

If we define & = ﬁ, n= ﬁ, ¢ = (§,n), and
T =log(1 +1t), then in terms of these new variables
the two-dimensional vorticity equation takes the
form

(11)

oW = VAW+§V -¢w)—u-Vw=Lw-u-Vw,

log(1 + t)) .

where u is just the velocity field, rewritten in terms
of the scaling variables, and the derivatives in
the Laplacian and divergence are now taken with
respect to ¢ instead of z.

Note that in terms of these variables, the family
of Oseen vortices are all fixed points of this equation,
i.e., the functions

W(E, 1) = Q¥(E,n) = e K1

41T
(12) 0.4 252
o (&7 /4y
4T
are all stationary solutions for equation (11). Note
that we have normalized the Gaussian so that
the parameter « of the Oseen vortex gives the
total vorticity (i.e., the integral of the vorticity) of
the solution. Note further that both the vorticity
equation, (4), and the rescaled vorticity equation,
(11), conserve the total vorticity. The presence of
this family of fixed points suggests that we might
be able to use ideas from dynamical systems theory
to study the stability of these fixed points and
to try to determine whether they can explain the
asymptotic behavior of some or all of the solutions
of this partial differential equation.

There are (at least) two different dynamical
systems approaches that can be applied to study
the stability and influence on the asymptotics of
the fixed points (12); namely:

e Linearization about the fixed point and the
construction of invariant manifolds in the
phase space corresponding to the various
spectral subspaces of the linearization, or

e Lyapunov functionals.
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In this article I'll focus on the Lyapunov func-
tional approach because of its relationship to the
statistical mechanics point of view that we have
discussed above. However, one can also use the
invariant manifold approach to analyze the asymp-
totic behavior of solutions of (11). In contrast to the
Laplacian, whose spectrum is the entire negative
real axis, the linear operator, £V, when considered
on spaces of functions that go to zero rapidly at
infinity, has a spectrum that consists of a set of
discrete eigenvalues, plus a half-plane of essential
spectrum. One can construct finite-dimensional,
invariant manifolds corresponding to the span
of the eigenfunctions of these eigenvalues that
describe very precisely the asymptotics of small
solutions of (11) [9]. Moreover, the eigenfunctions
corresponding to these discrete eigenvalues form
a convenient basis with respect to which one
can systematically extend the Helmholtz-Kirchhoff
point-vortex model described above to include the
effects of viscosity and finite core size [16].

Recall that a Lyapunov functional for a dynamical
system is a continuous function, bounded below
on the phase space of the dynamical system, which
when evaluated on an orbit of the dynamical
system is monotonic nonincreasing and bounded
below. (Very colloquially, it is a function whose
value decreases with time when evaluated along
solutions of the dynamical system.) Recall that
our goal is to understand how the vorticity forms
large structures after very long times. One way
of characterizing the long-time asymptotics of a
dynamical system is through the w-limit set, which
is the set of points in the phase space which a
trajectory approaches arbitrarily closely to as time
tends to infinity. If the trajectory approaches a
stable fixed point, then the w-limit set will consist
just of this fixed point. However, the w-limit
set can also be a periodic orbit or even some
chaotic attractor. Note that it is not immediately
apparent that every trajectory will have an w-limit.
This follows if the solutions of the dynamical
system satisfy certain compactness conditions.
For the remainder of the article we will assume
that the solutions of the vorticity equation satisfy
these conditions, though proving this takes some
work—the details are explained in [10].

A key tool in locating the w-limit set is the
LaSalle Invariance Principle, which says that given
a Lyapunov functional for a dynamical system, the
w-limit set of a trajectory must lie in the set on
which the Lyapunov function is constant (when
evaluated along an orbit). More precisely, if the
points in the phase space of the dynamical system
are denoted by w, if the flow or semi-flow defined
by the dynamical system is denoted by ®!, and if
the Lyapunov functional is denoted by H(w) (and
it is differentiable), then the w-limit set must lie in
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the set of points

d
dt

Let’s now return to rescaled vorticity equation
(11) and make use of one more analogy. So far, we
have considered the equation in which we ignored
the dissipative term and retained only the time
derivative and the nonlinearity, and we have also
ignored the nonlinear term and retained only the
dissipative term. Let’s finally retain all the terms
in (11) but ignore for the moment the fact that the
velocity field is linked to the vorticity and pretend
that it is just some given, divergence-free vector
field. In this case if we use the fact that V -u = 0,
we can write (11) as

(14) 0w =vAw -V - (wVU) ,

where VU(¢{, T) = u((, T) — %C. This equation is
just the Fokker-Planck equation, which describes
the evolution of the probability distribution of
the location of a particle in a gas confined by the
potential U and with diffusive effects modeled by
the term vAw. Equation (14) has been studied
extensively by physicists and mathematicians for
more than a century, and, in particular, motivated
by Boltzmann’s theory that the entropy of such
a system should never decrease, Lyapunov func-
tionals have been developed that are based on
the entropy. (See [14] for a nice discussion of
the interplay between physics and analysis in this
problem.)

The classical entropy function for solutions of
(11) would be S[w](t) = [ w(¢) Inw(¢)d¢, but
as explained in [14] it is often more useful to study
the relative entropy, that is, the entropy relative to
the expected asymptotic state of the system. In this
case our candidate for the asymptotic state of the
system is one of the Oseen vortices Q% defined in
(12), which results in a relative entropy functional

w(¢, T)
(15) H[w](T) J[Rz W(C,T)ln( ax(¢) > dg.

Of course, so far, there is no proof that this is
a Lyapunov functional for the (rescaled) vorticity
equation. Itis a candidate, suggested by the analogy
between (11) and the Fokker-Planck equation, but
in the actual vorticity equation the fluid velocity is
not independent of the vorticity (and in particular
the vorticity equation, unlike the Fokker-Planck
equation, is a nonlinear equation). Furthermore,
a second problem is apparent from formula (15).
Since solutions of the Fokker-Planck equation
represent probability densities, it is natural to
assume that they are nonnegative, and consequently
the logarithm in (15) is well defined. However, it
is quite unnatural to assume that solutions of
the vorticity equation are all of one sign—typical
solutions intermingle regions of positive vorticity
with regions of negative vorticity, and for such

(13) E={w|——H(@® (W)l = 0}.
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solutions it becomes impossible to define the
relative entropy functional.

We’'ll return to the second of these problems in
a moment, but first consider whether or not (15) at
least defines a Lyapunov functional for solutions
of the vorticity equation which are everywhere
positive. As we’ll explain below, if the solution of
the vorticity equation is positive at some instant of
time, it will remain so for all later times. Assuming
that the solution is positive for some time t and
that the vorticity tends to zero sufficiently rapidly
as [¢| — oo so that the integral in (15) converges,
we can compute the derivative of the entropy, and
we find:

(16)
d B w(,T) ow
—dTH[w](T) = Ju«z (1 +1n (th(g) )) —a_rd .

If we now use (11) to rewrite the time derivative of
the vorticity and then integrate by parts (and use
the relationship between vorticity and velocity), we
find

a7 L Hiwin :—J[sz@) ]v(Ql) “de.

Tt
Since w is positive, (17) shows that for such solu-
tions the relative entropy function is a Lyapunov
function. One can also show H is bounded below
for w in an appropriate function space (and that
the compactness properties mentioned above also
hold), and hence the LaSalle Invariance Principle
holds. This means that the w-limit set for any
positive solution of the vorticity equation must lie
in the set where %H[w]('r) = 0. Since w (¢, t) > 0,
(17) implies that the only way the time derivative
of the entropy can vanish is if

w
(18) (@> = constant;

i.e., if the solution is an Oseen vortex. This means
that for positive solutions of the vorticity equation
the only possible asymptotic states are the Oseen
vortices.

As we remarked above, the assumption that
solutions are positive is a priori a very unnatural
one for the vorticity equation, and thus we now
turn to the question of how to treat solutions
that change sign. To deal with such solutions,
we need another Lyapunov functional. The clue
to finding this second Lyapunov function is the
observation we made earlier about the similarity
of the two-dimensional vorticity equation (4) to a
nonlinear heat equation. Closer inspection shows
that, just like the heat equation, solutions of (4)
satisfy a maximum principle. In particular:

e A solution that is positive (for all z) for
some time t, will remain positive for any
later time t > t,, and
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e If the initial condition for the vorticity
equation satisfies w(z,0) > 0 for all z,
then the solution will be strictly positive
for all times t > 0.

Note that these remarks also hold for solutions
of the rescaled vorticity equation (11). As a conse-
quence of these two observations, we find a second,
surprisingly simple, Lyapunov functional, namely
the L' (R?)-norm of the solution. Define

a9 KW = | Iwiemlde.

To see that this is a Lyapunov functional, split the
solution of (11) into its positive and negative parts,
i.e., write w(&,n, 1) = wr(&,n, 1) —w (E,n,T),
where w* are both nonnegative and satisfy the
equations:

(20) 0w* = LYW* —u - Vw™,

Here, u is the total velocity field—i.e., the veloc-
ity field associated with w(¢, T) rather than that
associated with either w* or w~. We note that
one can show (by undoing the change to scaling
variables) that solutions of (20) also satisfy two
properties listed above. If we choose initial con-
ditions for w* so that w*(¢,0) = sup(w(¢,0),0)
and w(¢,0) = —inf(w(¢,0),0), then w*|,._ are
both nonnegative and have disjoint support. By the
maximum principle, if w*|+-o # 0, both w* will be
strictly positive for all positive times. From this we
find that

KWl = | e e - w e mlde
< j W TYdC + J W T)dC
R2 R2
(21) = JRZ wt(¢,0)d¢ + J[RZ w™(&,n,0)d¢

= |, W 0de ~ we ¢, 0)1de
= K[w](0),

where the equality in the middle of (21) follows
from the fact that solutions of (20) conserve “mass”
(i.e., the integral of the solution), as do solutions of
the vorticity equation. From (21) we see that K is a
Lyapunov functional for solutions of the vorticity
equation. Furthermore, recalling that the maximum
principle implies that both w* are strictly positive,
we see that the first inequality in (21) will be a strict
inequality unless either w* or w~ is identically
zero. Thus the Lyapunov functional K is strictly
decreasing except on the set of functions that is
either strictly positive or strictly negative, and,
appealing again to the LaSalle invariance principle,
we see that the w-limit set of solutions must lie in
the set where K is not strictly decreasing—i.e., in
the set of either everywhere positive or everywhere
negative solutions.

If we now put together our two Lyapunov func-
tionals, we have the following conclusion, namely,
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for general solutions, the Lyapunov functional K
implies that the w-limit set must lie in the set
of solutions of one sign. However, for solutions
of one sign, the relative entropy functional, H,
implies that the w limit set must be an Oseen
vortex. So far, we have been somewhat vague about
the function space on which we work, but in fact
these results hold for any solution whose initial
vorticity is absolutely integrable (for this and other
technical details we refer the reader to [10]) and
thus we have

Theorem 1.1. Any solution of the two-dimensional
vorticity equation whose initial vorticity is in L' (R?)
and whose total vorticity [. w(z,0)dz # 0 will tend,
as time tends to infinity, to the Oseen vortex with
parameter x = [g» w(z,0)dz.

Extensions and Conclusions

Theorem 1.1 implies that with even the slightest
amount of viscosity present, two-dimensional fluid
flows will eventually approach a single large vortex.
However, if the viscosity is small, this convergence
may take a very long time. Furthermore, Onsager’s
original calculations of vortex coalescence were for
an inviscid fluid model, which suggests that some
sort of coalescence should occur independent
of the viscosity—and, in particular, on a time
scale that does not depend on the viscosity. Thus,
while Theorem 1.1 says that eventually all two-
dimensional viscous flows will approach an Oseen
vortex, there should be a variety of interesting and
important behaviors that manifest themselves in
the fluid prior to reaching the asymptotic state
described in the theorem.

One of the most important physical effects,
and one of the hardest to understand from a
mathematical point of view, concerns the merger
of two or more vortices. Clearly such mergers
must take place in order for the multitude of
small vortices present in an initially turbulent
flow to coalesce into the small number of large
vortices predicted by Onsager. Furthermore, as
discussed in [15], this process plays a key role
in many nonturbulent flows such as the wingtip
vortices that form behind an airplane wing, as
illustrated in Figure 6. As the authors of [15]
explain, although the phenomenon is obviously
a three-dimensional one, and three-dimensional
effects undoubtedly influence the details of the
flow, the two-dimensional dynamics “contain all the
ingredients necessary to explore and understand
the physics involved in vortex merging”. While
the Oseen vortex that characterizes the long-
time asymptotics of the flow has the property
that the effects of the nonlinear terms in the
vorticity equation vanish, both numerical and
experimental studies show that the merger process
is highly nonlinear and involves the filamentation
and interpenetration of the two vortices into one
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Figure 6. The merger of wingtip vortices
behind an airplane (from [15]). Although the
flow is obviously three-dimensional, much of
the process of vortex merger can be
understood by considering cross-sections of
the flow as if they were two-dimensional
vortices.

Figure 7. An experimental dye visualization of
the merger of two-dimensional vortices, from
[15]

another, as shown in Figure 7. While physically
based criteria exist to predict when merger will
occur, a rigorous mathematical understanding
of this phenomenon is so far almost completely
absent.

A second interesting phenomenon that is par-
ticularly noticeable in the numerical simulations
of two-dimensional flows on bounded domains is
the creation and persistence of metastable struc-
tures. For square domains with periodic boundary
conditions, the total vorticity is forced to be zero,
and as a consequence the asymptotic state is the
zero state. Nonetheless, a number of different,
very long-lived, metastable states are observed
[22]. The origin and properties of these states in
the two-dimensional Navier-Stokes equation is still
not understood, but statistical mechanical ideas
have again been used to propose an explanation
associated with the different time scales on which
energy and entropy are dissipated [4]. Similar
metastable phenomena also occur in the weakly
viscous Burgers’ equation, which is often used
as a simplified testing ground for understanding
the Navier-Stokes equations. There, the long-time
asymptotics are again governed by a family of
self-similar states, analogous to the Oseen vortices
in the two-dimensional Navier-Stokes equations.
However, for very long times (exponentially long in
the reciprocal of the viscosity!), one observes not
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the self-similar state but rather a special family of
solutions known as “diffusive N-waves” [11], [3]. As
in the expected behavior of the two-dimensional
Navier-Stokes equation, the metastable states in
Burgers’ equation are closely related to the N-waves
of the inviscid equation, while the self-similar as-
ymptotic state depends crucially on the presence
of dissipation in the systems. Because of the
simpler nature of Burgers’ equation, one can show
that the metastable states form a one-dimensional
attractive invariant manifold in the phase space
of the equation, and one can speculate that a
similar dynamical systems explanation might ac-
count for the metastable behavior observed in the
two-dimensional Navier-Stokes equation, as it has
for the long-time asymptotics of solutions.

In summary, two-dimensional fluid motions
present interesting differences with three-
dimensional fluids from both the mathematical
and physical points of view. In spite of the fact
that we live in a three-dimensional world, in
many situations a two-dimensional fluid model is
appropriate. One important situation in which this
is the case and for which a two-dimensional fluid
model is often used is the earth’s atmosphere. In
two dimensions, it is particularly convenient to
study the evolution of the vorticity, rather than
work directly with the velocity field of the fluid.
Ever since Helmholtz and Kirchhoff developed
an ordinary differential equation model to de-
scribe the evolution of point vortices, dynamical
systems ideas have played an important role in
understanding the evolution of the vorticity in
two-dimensional flows, a theme that continues to
pay dividends to the present day.

A distinctive feature of two-dimensional flows is
the “inverse cascade” of energy from small scales to
large ones. Lars Onsager first sought to explain this
phenomenon by studying the statistical mechanics
of large collections of inviscid point vortices. While
Onsager’s observation about inviscid flows remains
unexplained, dynamical systems ideas—in this case
Lyapunov functionals inspired by kinetic theory—
have been used to show that in the presence of an
arbitrarily small amount of viscosity, essentially
any two-dimensional flow whose initial vorticity
field is absolutely integrable will evolve as time goes
to infinity toward a single, explicitly computable
vortex.
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From Cartan to Tanaka:
Getting Real in the
Complex World

Vladimir Ezhov, Ben McLaughlin, and Gerd Schmalz

t is well known from undergraduate com-

plex analysis that holomorphic functions of

one complex variable are fully determined by

their values at the boundary of a complex do-

main via the Cauchy integral formula. This is
the first instance in which students encounter the
general principle of complex analysis in one and
several variables that the study of holomorphic
objects often reduces to the study of their bound-
ary values. The boundaries of complex domains,
having odd topological dimension, cannot be com-
plex objects. This motivated the study of the
geometry of real hypersurfaces in complex space.
In particular, since all established facts about a
particular hypersurface carry over to its image via
a biholomorphic mapping in the ambient space,
it is important to decide which hypersurfaces
are equivalent with respect to such mappings—
that is, to solve an equivalence problem for real
hypersurfaces in a complex space.

In the case of one complex variable, the Riemann
mapping theorem says that any simply connected
domain is either C or equivalent to the unit disc. In
contrast, Henri Poincaré [17] showed that in higher
dimensions even the ball and the bidisc are not
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equivalent, which implies that their boundaries
cannot be equivalent.

In the same article Poincaré posed the local
equivalence problem, i.e., to decide when two hy-
persurfaces are equivalent in the neighbourhoods
of given points. He sketched a heuristic argument
that any two real hypersurfaces in C? cannot be
expected to be locally equivalent.

In order to solve this equivalence problem
for real hypersurfaces in C?, Elie Cartan [6], [7]
constructed in 1932 a “hyperspherical connec-
tion” by applying his method of moving frames.
The technique of Cartan has been further de-
veloped by introducing modern geometric and
algebraic tools, mainly in the groundbreaking
work by Noboru Tanaka (see [22], [23], [24]).
These powerful and elegant methods are widely
used in conformal geometry and have led to the
development of parabolic geometry (see [5]), while
Cartan’s original approach, applied to hypersur-
faces in higher dimensional complex space by
Shiing-Shen Chern and Jirgen Moser [8], is still
dominant in complex analysis (see, e.g., [12], [13]).

An alternative approach to invariants of bound-
aries of complex domains has been developed by
Charles Fefferman [10]. A recent result by Andreas
Cap and Rod Gover [3], based on parabolic geome-
try, shows the relation between the Cartan-Tanaka
and the Fefferman calculi.

In practice it remains difficult even to decide
if a given hypersurface is locally equivalent to a
sphere. Sidney Webster [25] solved this problem
for an ellipsoid in C" (n > 3) in 2000. In this
context he states that the methods developed are
at least as interesting as the results.

The purpose of this article is to illustrate the
basic ideas of Tanaka’s theory by deriving the
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principal curvature invariants for hypersurfaces
in C2. This solves the equivalence problem if one
of the hypersurfaces is a sphere.

While there is extensive literature on both
Cartan connections (see, e.g., [21] and [5]) and
CR-geometry (see, e.g., [2], [13], [12] and [9]), the
authors feel that there is a need to draw these two
subjects together.

Geometric Structures

Before we introduce the concept of CR-geometry,
which is the suitable setting for the study of
real hypersurfaces in C", we would like to take
a broader view of a geometric structure as a
class of manifolds with additional data given on
the tangent spaces. Examples of such structures
include Riemannian geometry and almost complex
structures.

In his Erlangen programme (1872), Felix Klein
observed that geometric structures can be studied
by their symmetry groups. These are the groups
of the self-mappings that preserve the structure
data. The study of a geometric structure hence
leads to such problems as:

e What are the symmetries of a given object?

o Which objects have a given symmetry?

e What are the most symmetric objects?

e Is there a transformation between two
manifolds M and N that preserves the
data (equivalence problem)?

e Determine a complete system of invari-
ants that identifies classes of equivalent
manifolds.

A giant leap toward solving these problems was
taken by Sophus Lie, who systematically studied,
described, and classified transformation groups.
It was one of his great discoveries that transfor-
mation groups can be decomposed into so-called
1-parametric subgroups. In modern terminology
these are smooth homomorphisms from R into the
transformation group. With such a 1-parametric
subgroup, ¢;: M — M, one can associate a vector
field x on M by differentiating with respect to the
parameter t and setting t = 0:

dep(x)

dt t=0
Geometrically speaking, the vector field x assigns
to each point p € M the tangent vector to the
1-dimensional orbit ¢, (p).

The 1-parametric group can then be recovered
from x by solving the ODE

AP b0, do=id.

These vector fields are called infinitesimal au-
tomorphisms. Being linear objects, they are rather
easy to handle, and they are extremely useful in
the study of the transformation group itself.

x(x) = e TyM.
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Subsequent work by Lie, Engel, Killing, E. Car-
tan, and others led to the theory of Lie groups,
which solves the problems stated above for man-
ifolds that possess “many symmetries”, namely
so-called homogeneous manifolds, i.e., any mani-
fold M such that for any two points a,b € M there
is a transformation ¢ of M with ¢(a) = b and
respecting the geometric structure.

The technique of Cartan connections, which
is a refinement of Cartan’s method of moving
frames, permits the study of the geometry of
manifolds with few or no symmetries. It is based
on the idea to first construct a homogeneous
model manifold with a similar geometric structure
and then to consider the original manifold as a
perturbed version of the model. The resulting
notion of Cartan curvature and their invariant
derivatives provides the desired complete system
of invariants. Moreover, the algebraic nature of
Tanaka’s construction has led to deep structural
results for general types of parabolic geometry and
to new techniques such as tractor calculus and
general Fefferman spaces (see [4] and references
therein). These powerful tools help to give more
complete answers to the questions that arise from
the Erlangen programme.

Cartan Connections

For a homogeneous manifold Q let G be the group
of its symmetries and P be the subgroup of the
symmetries that fix a point a € Q. Then Q can be
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represented as the quotient manifold G/P, and we
have the canonical mapping 77: G — Q that makes
G a fiber bundle with fiber P over Q. The total
space G is equipped with a canonical 1-form w ¢
that takes values in the Lie algebra g = Lie(G)
of left-invariant vector fields on G. It is called
the Maurer-Cartan form and assigns to a vector
X, € TyG the left-invariant vector field generated
by X, interpreted as an element of g = T.G, the
tangent space at the identity of G. That is, it
establishes the tautological isomorphy of g in
both interpretations, namely as the space of the
left-invariant vector fields and as T,G. For a matrix
Lie group G < GL(n,R) c R™", the left-invariant
vector fields have the form

)
X(g) = gjAL 55| =9A,
S 0g |,

where g is the matrix-valued coordinate in R"*"
(restricted to G), % are the coordinate vector

k
fields in R™" and A is a constant matrix that can
be identified with X (e). It follows for X = gA and
Y =gB

[X,Y] =g(AB — BA).

In this case the Maurer-Cartan form is
wye =g~ 'dg,
and
wucX(g) = g tgA = A.
Differentiation yields the structure equation

dwye = -g7'dg A g 'dg = —wue A Wye

_E[wManMC]-

This is equivalent to the tautological statement
that the commutator bracket of the left-invariant
vector fields is the same as the Lie algebra product.

A Cartan connection is a “curved” version of
the bundle 1r: G — G/P with a g-valued form w.

To construct a Cartan connection that depends
only on the geometric structure of the underlying
manifold M one needs first to find the relevant
groups G and P and hence the model G/P. This
requires the notion of graded Lie algebras, i.e., Lie
algebras that split into a direct sum

G3=Gk® - 9G®G D DYy

so that [4g;,9;] C gi+;. The general procedure is as
follows:

(1) Determine a graded Lie algebrag y& - - - &
go solely from the geometric data of M.

(2) Apply Tanaka’s algebraic prolongation
process to obtaing, =g; & - - - @ gy.

(3) Define G as the connected and simply
connected Lie group that corresponds to
g=6x®--- &gy and P as the subgroup
that corresponds top =go @ - - - @ dy.

NOTICES OF THE AMS

We demonstrate below how the following three-
step procedure is applied in the case of CR
geometry of real hypersurfaces in C2.

The curved analog of the bundle 7: G — Q is a
principal P-fiber bundle 7m: G — M endowed with
a g-valued Cartan connection form w on G with
the following properties:

(1) wy: TyG — g is an isomorphism of linear
spaces for any x € G. This permits us to
distinguish a space of vector fields X(x) =
wi'X for X € g, which we will refer to as
constant vector fields. For G/P with the
Maurer-Cartan form the constant vector
fields are identical to the left-invariant
vector fields on G.

(2) If p C gis the Lie algebra of the fiber group
P, then for any X € p the corresponding
constant vector field has the form

X(x) = a

R X] )
dat |z eth(X)

where R is the right action of P on G.
This means that the constant vector fields
on the fibers are the exact analogs of the
left-invariant vector fields on G.

(3) ForpeP

Ryw =Ad,-1 w,

i.e., the analytic pull-back of the Cartan
connection form with respect to the action
of p on G is identical to the algebraic
adjoint action of p~! on the values of w.
Differentiating this identity yields

[XAl ?] = [Xl Y]g

for X epand Y € g, i.e., the commutator
relations of the constant vector fields X =
w;1(X) and ¥ = w;!(Y) are the same as
for X and Y in g as soon as one of X,Y is
from p.

It is easy to verify these properties for the
Maurer-Cartan form. We point out that the prop-
erties (1)-(3) guarantee neither existence nor
uniqueness of a Cartan connection. Further con-
ditions are needed to make the Cartan connection
form unique. There are sufficient conditions that
guarantee the existence of the Cartan connection.

As an application of the Cartan connection
construction we consider the equivalence prob-
lem: Given two manifolds M and M’ with the
same geometric structure, does there exist a local
diffeomorphism from M to M’ that respects the
geometric structure? It turns out that a diffeo-
morphism ¢ would lift to a diffeomorphism &
of the respective Cartan bundles G and G’ that
transforms the Cartan connection form w into the
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Cartan connection form w’, i.e., ®,.w = w'.

(GJw) 77777 >(g,1w,)
M ¢ M

This implies that all partial derivatives of & are
determined and the equivalence problem reduces
to the solubility of an initial value problem

0!
ﬁ = aij(q)yx)
q’(X()) = XE).

Note that x, and X, are points in the principal
bundles. As a consequence, the solubility of the
initial value problem will depend on the choice
of some parameters in the fibre, similar to the
accessory parameters in the Christoffel-Schwarz
formula. This makes it difficult to solve concrete
equivalence problems.

Finally we remark that invariance property (3)
of the Cartan connection form is not required for
solving the equivalence problem, but it is essential
for deriving the curvature invariants.

The Cartan Curvature

According to the construction of groups G and P,
the structure algebragis a graded Lie algebra and p
is its non-negative component. Thus g = g_ @ p. We
call a constant vector field X vertical or horizontal
if X € p or X € g_, respectively. As stipulated
by property (3) of the Cartan connection, the
commutator of a constant vector field with a
vertical vector field coincides with the commutator
in ¢g. This is not necessarily the case for two
horizontal constant vector fields. In fact, it follows
from Frobenius’s theorem that if this were the
case it would imply that M is locally equivalent
to the model space G/P. The Cartan curvature
measures how much such commutators deviate
from the commutators in g and, thus, “how far”
M is from G/P. Consequently, the vanishing of
the Cartan curvature can be used to decide if
a given geometric structure is equivalent to the
homogeneous model.

We introduce the Cartan curvature as the g-
valued 2-form on G

Ky (X,Y) = wy[X, Y] - [w, X, wyY].
This can be rewritten as the structure equation
1 K
dw + 2[w,w] =5

Notice that K = 0 if one of its arguments is
vertical. Itis convenient to work with the curvature
function k: G — Hom(g_ A g_,g) that is defined by

Kx(X,Y) = Ky(w71 X, w;tY).
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The Algebraic Structure of the Curvature

To explain the algebraic structure of the curvature
we introduce the notion of the cochain operator
0. We consider Hom(g_ A g_,g) as the space C? of
2-cochains in the sequence

R o L NG I N
where C* = Hom(A*g_,g) and

akC(X()’---’Xk) = Z(_l)i[Xi,C(Xo, .. 'lf’--ka)]

+ 2 (=D e([X, X;1, Xo, - ..

i,j

lf’j""’Xk)l

where i, j stand for terms that have been omitted.

We denote Z¥ = kerdy and B¥*! = imdy. The
cohomology H¥ is defined by H* = zX/ Bk,

The spaces C¥ split into homogeneous compo-
nents, where a cochain is said to be of homogeneity
i when it sends arguments of grade ji,..., jx to
a value of grade i + j; + - - - + jx. The splitting
into homogeneous components is respected by
0. We denote the homogeneity i components of
Zk, Bk by Z§;), BY;), respectively, and the curvature
component of homogeneity i by k@,

A Cartan connection is called regular if the
curvature components of homogeneity < 0 vanish.
This condition ensures that the Cartan connection
encodes the underlying geometry on M.

The Bianchi identity (see, e.g., [4]) relates the
o-image of a homogeneous component of the
curvature to components of lower homogeneity in
the following way:

i-1
k(X Y,2) == > 3 (ki)Y (X,Y)),2)

cycl j=1
+ Zk120(X,Y)),

where k_ denotes the g_ component of k, |Z]| is

the grade of Z, and Z is the sum over all cyclic
cycl

permutations of X,Y, Z.

In particular, it follows that the lowest order
nonvanishing curvature must be o-closed, and,
more generally, any homogeneous curvature com-
ponent is determined by the lower components
up to a d-closed component. In this sense we will
refer to the d-closed components of the curvature
as the essential curvature.

Finally, according to Tanaka’s results, the choice
of the Cartan connection is controlled by the
d-exact components of the curvature. In order to
make the Cartan connection unique, we have to
choose a complement to the space B? of 0-exact
2-cochains in the space 2 of 0-closed cochains.
This complement is isomorphic to the cohomology
group H? = Z%/B>.

If g is semisimple, there is an adjoint cochain
operator 0*, and we have the Hodge decomposition

2% = B? @ kerd n ker 0%,
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i.e., the space H? = kerd n kero* of harmonic
2-cochains is a canonical complement to B? in
Z?. The corresponding unique Cartan connec-
tion is determined by the normalization condition
0*k = 0.

CR Structures and Graded Lie Algebras
A CR structure' is a combination of two structures:

(1) an even-dimensional distribution D in the
tangent bundle of a manifold M, and

(2) a complex structure J, on each D,, i.e,, a
smooth field of endomorphisms Jy with
J2 =—id.

The number n = dimc¢ Dy is called the CR-
dimension of M ,and k = dim M — 2n is called the
CR-codimension.

A CR structure naturally appears on a real
hypersurface M of CN. We may define D, = T,M N
iTyM for any x € M where multiplication by i
means the restriction of the complex structure Jy
on T,CN to TyM. Thus D, is the biggest subspace
of T,M that is closed with respect to the complex
structure of the ambient CV. The restriction of J,
to Dy serves as Jy.

The (local) equivalence problem for two CR
structures (M, D, J) and (M, D, J) can be formu-
lated as follows: Is there a (local) diffeomorphism

'Here “CR” stands for Cauchy-Riemann, sometimes also
interpreted as Complex-Real. Here we ignore the usual
integrability condition of the CR structure, as it is not
relevant to this article.
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¢d:M - M such that dpxDy = E(p(x) and j¢(x) o
dd)x = dd)x o Jx?

The Levi Form

The Levi form at a point x € M is the skew
symmetric form

Ly(X,Y): Dx A Dy = TyM /Dy

that is defined as follows: extend X,Y to local
sections X,Y of D, evaluate [X,Y] at x, and
project this vector to the factor space TyM /D,.

The Levi form measures the noninvolutivity of
the distribution D. It is one of the simplest and
most important invariants of a CR manifold. Many
nondegeneracy conditions in CR geometry reflect
in one or another way the noninvolutivity of D.

With the choice of a basis in Dy and TyM /Dy,
the Levi form identifies with an R¥-valued skew-
symmetric form Ly (&, n) on C". A different choice
of the basis leads to the form pLy(C'&,C'n)
where p € GL(k,R) and C € GL(n, C).

Denote by [Ly] the class of all RX-valued skew-
symmetric forms on C" that are equivalent to L,
with respect to the action of matrices C and p as
above. This equivalence class is a CR-invariant. If
k = 1 the equivalence class is completely charac-
terised by the rank and the signature of the then
scalar Hermitian form.

Furthermore, we will assume that the following
compatibility condition of the Levi form and the
complex structure holds:

£x(]xX:JxY) = £x(X, Y)-

This condition is automatically satisfied for em-
bedded CR manifolds and is weaker than the usual
integrability condition.

Levi-Tanaka Algebra and Tanaka’s Prolongation
Procedure

We assume that the Levi form at each point is
surjective, i.e., Dy + [Dy,Dyx] = TyM. Then the
direct sum T¢*M = D, @ T,M/D, has the same
dimension as TyM and is called the associated
graded tangent space. Denote g 1 = Dy and g_» =
TxM /Dy. The Levi form defines a graded Lie algebra

g-=6209
by setting [X,Y] = L(X,Y) if X,Y € g_; and
[X,Y] =0if one of X,Y € g_,. The subalgebra g_
is the Levi-Tanaka algebra at x in the case when
the Levi form is surjective.

Tanaka’s prolongation of g_ is an algebraic
procedure to generate a graded Lie algebra g_ @
Jgo ® g1 @ - - - that determines to a large extent the
geometric properties of the CR structure. The first
prolongation component, g, is a Lie algebra whose
elements act linearly on g_. Hence the elements of
go can be represented as pairs of endomorphisms
(C,p) € End(g_1) X End(g_») that define the Lie
algebra product [(C,p),E-1® & 2] = CE 1@ pE2
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for £, €91 and &, € g ». The Jacobi identity
requires that

L(CE,Cn) =pLE,N)

for all &,n € g4, i.e,, (C,p) is a derivation of g_.
This defines a linear subspace §, C End(g_;) &
End(g_»). The Lie algebra product in g, is the usual
commutator in End(g_;) @ End(g_»).

The component gy is the subspace of pairs (C, p)
for which C preserves the complex structure J on
g_1,i.e., Cisacomplex endomorphism of g_;. Thus
go carries a part of the geometric structure. This is
in contrast to the higher prolongation components
ge for £ > 1 that are the maximal possible spaces
obtained by the following inductive procedure.
Assume that the components g,, for m < £ have
been constructed. Then gy is defined as the set of
linear mappings

A:g 1 — 8o
and

a:g-2 — Gp-2
such that a[X,Y] = [AX,Y] + [X,AY] for all
X,Y € g ;. This implies that a is determined by
A. In particular, A = 0 implies a = 0.
The Lie bracket in the prolongation is defined
by

[[AyB]yX] = [Ay [BIX]] - [By [AlX]]y

where X € g_. The method of Cartan connections
requires that this prolonged algebra remains finite
dimensional. This can be guaranteed by imposing
nondegeneracy on the Levi form.

Hypersurfaces in C?

As an illustration we compute the Cartan curva-
ture for real hypersurfaces in C2. While this is
the simplest instance of CR geometry and the
approach is elementary and straightforward, the
computations are arduous but can be successfully
carried out with the help of computer algebra.

In this case g = g_» ® g_; is the 3-dimensional
Lie algebra with generators X; € g,, X», X3 =
JX, € g1 and such that [X,, X3] = 4X; (all other
commutators vanish). The Lie algebra g, is iso-
morphic to C with generators X4, X5 such that
yX; +16Xs acts on g_ by

(X1, X2, X3) — (2y X1,y X2 — 6X35,0Xz + ¥y X3).
The Tanaka prolongation yields
g1 ={oXe + BX; € Hom(g 2 ©G-1,8-1 ® go):
(X1, X2, X3) — ((x +1B) X2, —2BXy — 6 X5,
200Xy — 6BX5)}
g2 ={rXs € Hom(g-» ®g-1,80 ® g1):
(X1,X2,X3) = (=rXy,—rXs, —rX7)}.

The full prolongation is isomorphic to the
semisimple Lie algebra su(2,1). According to
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Tanaka’s theory there exists a unique regular
normal Cartan connection. We will outline its
construction using a local (noncanonical) trivial-
ization of the Cartan bundle G|y = U X P over
some neighbourhood U of 0.

The constant vector fields X, = w~'X; on Gly
have the form

Xi= anC+an€+ain+auXs+- - +aisXs
Xo = A28 + Azsn + A2aXy + -+ - + A2 X3
X; = ap& +asn + asaXy + - - - + assXs
A 0 0 0 0 0
X4— —ya—ﬁﬁ—aa—ﬁﬁ—b’&
A 0 0 0 0

X5 = @‘yﬁ—ﬁa‘*‘a@
- 0 0
o = aa P
- 0 0
X; = @‘i‘ &
- 10

XS_ E&l

where &, n, C are vector fields on M with § e T'(D),
n=J& C=4[&n]l,y+i6 # 0, x +1p, r are coor-
dinates of P and, according to property (2) of the
Cartan connection, Xy, ..., Xs are the left-invariant
vector fields on the fiber P. The explicit expres-
sions of the curvature depend on the coefficients
of the commutator relations

[E,C] = c1il + c12& + c13n
[n,C] = a1 + c22& + Co3n.

Notice that for the homogeneous model one can
choose &,n in such a way that [§,C] = [n,C] = 0.
In general, after a suitable coordinate change, we
can achieve c1; = ¢; = 0.

It is our task to determine the coefficients
dpi,...,dsg. Property (3) of the Cartan connection
allows us to determine how they depend on the
fiber variables. In particular, it follows that

an =y*+ 6%,
ap = -yx+ 06,
a3 = —6(X - YB,

To find the dependence of the coefficients
dpi,...,dsg on the horizontal variables x,y,u we
try to make the three commutators [X;, X;] with
i,j =1,2,3 as close as possible to the correspond-
ing commutators in su(2,1). This is restricted
by the 0-cohomology H?. Direct computation
shows that the cocycles form a 17-dimensional
subspace Z? of the 24-dimensional space C2.
The subspace B> C Z? is 15-dimensional, which
implies dim H?> = 2. The space C? splits in our
case into homogeneous components of order
from O to 5. The distribution of the dimensions

az =y, as =-6
az =6, asz =Y.
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by homogeneity is displayed in the table below:
Hom [ dimB | dimZ | dim C | dim H?

1| | W N = O©
O | | | | =
Ol W | V1| | =
N[ U1| O O x| —
OO OO O

The cohomology occurs in homogeneity 4, which
means that all curvature of homogeneity i < 4
vanishes. Hence the components of [X,,X5] of
grade < 1 and the components of [X;,X,] and
[X1,X;3] of grade < O are exactly as in the Lie
algebra g.

The closedness of the curvature in homogeneity
2 and 3 is a consequence of the Jacobi identity
[&,[C,n]]+[n,[ECIT+[C,[n,&El] =

The explicit computations give the nonzero
curvature components in homogeneity 4:

(1)
4 _ S4 3 3
k(X1 Xa) = <T 966 kl_T(S +T6 )Xﬁ

4 _ s4 3
(T (Sk2 T +'r6k1

S

7

k2 + k1

>

6

X7

-6 T63+T 1) )
<T4 - 64 T63 + T36 )
“\Toe ki

where
(2)
ki = —5n°ciz2 + 15Enc2 + 4E°Co3 — 15n&ci3
—9n&ca + 7202 C12 + 12¢13€C10 + 8413023
ko = — 7&Encas — 38%c13 — 18n&ciz + 9n&cas
—3n%Con + 20EEC2n + 24C12C23 — 24C3,
+ 48¢2, — 363, + 36¢35.
The Xg component of k (X, X3) can be made 0 by
using the one-dimensional freedom from 3.

Finally, the Bianchi identity completely deter-
mines the curvature of homogeneity 5.

Ellipsoids
In [25], Webster proved that an ellipsoid

\z\2+z J(z +73) =1with0 <A; <1
Jj=1

in C" for n > 3 has no umbilic points, i.e., the
harmonic Cartan curvature does not vanish at
any point. Though his methods seem to be suit-
able for proving a similar result for n = 2, this
case would be different because the curvature
invariants depend on higher derivatives than for
n=3.
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Our computations from the previous section
applied to the ellipsoid

. Y B b ., _
[Z11% + |Z2]% + §(Zf +Z3) + E(zﬁ +2z5) =1

in C2 at the vertex (0, 4/ 2+b) give us the harmonic
curvature

96(b + 1)* (-2(4b + 7)a®

ki = (b + 2)2
N (1335b% + 3123b + 1450) a — 165(b — 1)b)
(b +2)2
+0
k> = 0.
Here we have used the vector field
0
7§4—((b+1) +(b—1) )a—xl
0
+(=(@a+1Db+Dxix2—(@a-1)(b-1)y1y2) o
0
+((1-a)(b+Dxeyr +(@a+1)(b-1)x1)2) B

Conclusion

Using the Tanaka prolongation procedure, we
have explicitly calculated the Cartan connection
and Cartan curvature of a general Levi nondegen-
erate real hypersurface in C? and, in particular,
the ellipsoid. An analysis of the algebraic struc-
ture of the curvature permits us to isolate two
out of twenty-four components (1) from which all
invariants can be derived. In particular, two hy-
persurfaces are equivalent if their two harmonic
curvature components match. Though this is dif-
ficult to check in general, it provides a simple
criterion for equivalence with the sphere, namely
the vanishing of (2). Our computations for the
ellipsoid allow us to show that the real-analytic
subset of umbilic points is proper and therefore
the ellipsoid cannot be locally equivalent to the
sphere at any point.

The precise expressions of the coefficients of
the Cartan connection form, the curvature, and
the computations in Mathematica can be found
at [http://turing.une.edu.au/~bmclaugh/|
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Mathematics Classes

for Future Elementary
Teachers: Datafrom
Mathematics Departments

Raven McCrory and Marisa Cannata

athematicians have a unique op-

portunity to influence elementary

teachers’ mathematical knowledge.

Nearly all future teachers are re-

quired to take mathematics courses
in their undergraduate education, and many take
courses specifically required for elementary cer-
tification. Even in this era of alternative certifica-
tion, a majority of teachers come to their first job
from a four-year teacher certification program in
which one or more mathematics courses are re-
quired.! According to the Conference Board of the
Mathematical Sciences (CMBS) 2005 survey of U.S.
mathematics departments, 87% of mathematics
departments in the United States are in institutions
that certify elementary teachers, and of these, 86%
offer a special course or sequence of mathemat-
ics courses for K-8 teachers (Lutzer, Rodi, Kirk-
man, & Maxwell, 2007, pp. 49-50). Mathematics
departments design and teach these courses and
thus can make a huge difference across the United

Raven McCrory is associate professor in the Department
of Teacher Education at the University of Michigan. Her
email address is mccrory@msu.edu.

Marisa Cannata is senior research associate at Vander-
bilt University. Her email address is marisa.cannata@
vanderbilt.edu.

A longer version of this paper is available on the project
website, |http://meet.educ.msu.edy.

Data from the Title II reporting system (title2.
ed.govesecReport06.asp) show that in 2004, a total
of 310,000 teachers received initial certification in the
fifty states. Of these, 35,000 were reported as “alterna-
tive route” certifications, 11% of the total. Although the
number of alternate-route certifications is growing, most
teachers will continue to be certified through “traditional”
routes for some years to come, providing an important
site for improving teachers’ mathematical knowledge.
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States in what is offered to, and expected of, future
elementary teachers.

The responsibility for educating future elemen-
tary teachers is shared by institutions across the
country and impacts education in every state. Re-
cent data from Title Il reporting (tit1e2.ed.gov)
show that new teachers are now a mobile popula-
tion, with almost every state importing teachers
from other states, and even from other countries.
For example, Michigan, where unemployment is
high and the teacher population shrinking, exports
most of its newly certified teachers to other states,
and South Carolina has been bringing in teach-
ers from other states for many years (although
this may have changed in the current economic
downturn). It is no longer accurate to assume
that teachers will stay close to home. We cannot
conclude, even if our state or institution is doing
a good job, that the mathematical education of
elementary teachers is someone else’s problem.

Concern about teachers’ mathematical knowl-
edge has increased dramatically over the last two
decades as U.S. scores on international assess-
ments have slipped relative to other countries.
Attention to the problem has led to recognition
that it takes more than competence in arithmetic
to teach elementary school mathematics success-
fully. At least since Ball’s early work on teacher
knowledge (Ball, 1988, 1990) and Ma’s book that
followed up on Ball’s work (Ma, 1999), mathema-
ticians and mathematics educators alike have
acknowledged both the importance of elementary
school teachers’ mathematical knowledge and the
nontrivial task of helping teachers learn what they
need to know.

In spite of the interest in teachers’ mathemati-
cal knowledge, information about mathematics
courses for future teachers is sparse. The CBMS
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survey provides the only systematic data about
these courses, and it includes only a few ques-
tions related to the mathematical education of
elementary teachers. Among the things we do
not know are: what textbooks are typically used,;
who teaches the courses (e.g., mathematicians,
mathematics educators, graduate students, etc.)
and what their qualifications are; what topics are
covered, in what depth, and for what purposes;
what (and whether) the future teachers actually
learn from these courses.

This article reports on part of a study of
undergraduate mathematics courses for future
elementary teachers (the Mathematical Education
of Elementary Teachers, MEET, project). In the
larger study, we collected achievement data via
pre- and posttests of undergraduate students in
mathematics courses required for certification.
Those data show that students in such courses
make significant gains in their mathematical
knowledge, especially in courses that use one of
the textbooks written specifically for mathematics
courses for elementary teachers (complete reports
on the achievement data, instructor survey, and
department survey are available on the project
website,|http://meet.educ.msu.edu]). Here, we
report on data from mathematics departments
that offer such courses, with a particular eye on
how they structure and staff these courses and
how the courses differ across institutions. We also
include data from the CBMS 2005 survey of math-
ematics departments to draw attention to the fact
that the CBMS survey, completed every five years,
has data of interest to mathematicians who design
and teach courses for future elementary teachers.

Table 1

Data

For the MEET project, we surveyed mathemat-
ics departments in 2006-7, prior to other data
collection. The data come from South Carolina,
Michigan, and New York City, sites chosen because
of their varying approaches to improving teacher
quality. In these three sites, we identified all under-
graduate institutions that offer elementary certifi-
cation and contacted the mathematics department
chair to participate in the survey. Of the seventy
institutions that have undergraduate certification
programs, fifty-seven (81%) responded to our
survey, which was conducted over the telephone.
The department chair or someone designated
by the chair—the program coordinator, a staff
member, or another faculty member—answered
our questions about the curriculum and instruc-
tors of these mathematics courses, with detailed
questions about a focal course in which we later
collected data from instructors and students. The
focal course was usually the first (or only) math-
ematics course required for elementary certifica-
tion, excluding prerequisites or general education
courses that constituted distribution require-
ments. For example, at Michigan State University
(where the first author is a faculty member), two
mathematics courses are required for elementary
certification, but a prerequisite for the first course
is either satisfactory completion or testing out of
college algebra. In such a case, the focal course is
the first of the two courses required for certifica-
tion, not the college algebra course.

Survey data were complemented by information
from U.S. News and World Report® about school

Number of Institutions by Size, Selectivity®, and Carnegie Classificationb

Characteristic All

All institutions 57

Bachelor’s Master’s Ph.D.

17 26 14

Size of elementary cohort (students admitted in a given year)

Less than 50 27 14 10 3
50-149 15 3 10

150 or more 15 6

Selectivity of institution

Less selective 11 7 0
Selective 29 15 7
More selective 17 4

Selectivity is derived from U.S. News categorizations. We combine their five categories to form three categories as follow:
U.S. News “Most” and “more” selective were combined to form “More selective”; their “selective” was used for our “selective”
category; and their “less” and “least” selective were combined to form our “Less selective”. The U.S. News categories are
derived from reported acceptance rates.

PThe Carnegie classification indicates the highest degree awarded by the institution (e.g., a bachelor’s institution does not
award master's or doctoral degrees, and a master’s institution may offer both a bachelor's and master's degree). Regardless
of the institution’s Carnegie classification, the programs described here are undergraduate (i.e., bachelor's level) programs.
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selectivity; from the Carnegie Foundation for the
Advancement of Teaching® to classify schools by
their highest degree offered; from the U.S. Title 2
website? to ascertain the number of elementary
candidates and institutional certification require-
ments; and from state websites to determine
statewide certification requirements. Table 1
shows basic data about the institutions included
in our sample.

The variability of access to information about
certification requirements proved to be both in-
teresting and challenging. It is extremely hard to
find in some states (Michigan) and quite easy in
others (New York). At the start of the project, be-
fore states were selected (2004-5), we investigated
more than twenty states in depth and found that
the information available to prospective teachers
is often obscure if not impossible to find and/or
decipher. Although certification requirements ad-
dress so many different contingencies and thus are
complex, it seems counterproductive to make it so
hard for prospective teachers to learn what they
need to do to become teachers. New York has one
of the best systems® we have seen, available on the
Web to anyone who is interested, while Michigan
has one of the worst.

In our interviews with mathematics department
chairs, we found a high level of involvement and
knowledge about the mathematical education of
teachers. The reported schism between mathema-
ticians and mathematics educators did not hold
true in this sample of schools. Department chairs
knew the details of their programs for elementary
education students and were committed to the
importance of their work in educating these future
teachers, and this was true across the board, from
large public Ph.D. institutions to small private
schools. Whether from the chair or a designated
representative, we heard many passionate expla-
nations of the importance of these courses and
the struggles departments experience as they try
to ensure that elementary teachers are qualified
to teach mathematics. We learned of departments
that offer extensive tutoring, high-stakes com-
putation tests with multiple chances to achieve
mastery, instructor-written textbooks or materi-
als, and many more examples of efforts aimed at
solving the complex problems of the mathematical
education of elementary teachers.

1A_Iww. usnews.com/usnews/edu/college/ranki ngs/|
|ran|21 ndex_brief. pﬁp|, 2006 version.

www. carnegiefoundation.org|

i .title2.orgl Teacher education institutions in the
United States are required to make annual reports to the
federal government, and data from these reports are
made available on the Title 2 website.

“Available at eservices.nysed.gov/teach

ttp:
[certheTp/CertRequirementHelp.do|
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Selected findings from the survey are reported
briefly here, with particular attention to the fol-
lowing questions:

1. How many mathematics courses are required
for future elementary teachers?

2. What is the typical content of these courses?
3. Who teaches the courses?

1. How many mathematics courses are
required for future elementary teachers?

Determining and comparing the number of
courses required for elementary certification is
complex, even when information is readily avail-
able, because of variation in how teaching cer-
tificates are awarded. In some states, elementary
teachers are certified to teach all subjects, K-8. In
other states, the certification is divided into lower
grades (e.g., K-3) and upper grades (4-8), with dif-
ferent requirements for the two levels. In many
states, middle school (typically grades 6-8) teach-
ers can be certified either as secondary subject
teachers (e.g., in mathematics) or as elementary
teachers who can teach any subject. Sometimes,
teachers with a general K-8 certification are re-
quired to have a specialization in mathematics to
teach middle school mathematics. In other states,
prospective elementary teachers are required to
have a major or minor in mathematics, in addition
to other requirements for elementary certifica-
tion, in order to teach mathematics at the middle
school level. In our data, as in the CBMS survey, we
distinguish between institutions based on whether
the requirements vary for those who are certified
to teach early grades and those certified to teach
later grades, including middle school.

In recent years, more states have been requiring
subject matter specializations for middle grade
teaching. Michigan and New York both have a
middle school mathematics certification require-
ment, and, at the time of the survey, South Carolina
was phasing in a policy that was to be completely
implemented by 2008. Michigan requires a math-
ematics major (thirty hours minimum) or minor
(twenty hours minimum) and satisfactory perfor-
mance on the Michigan subject area test for middle
school mathematics teaching. New York requires
thirty semester hours of mathematics, student
teaching specifically in middle school mathemat-
ics, and acceptable performance on the New York
mathematics content area test. In South Carolina,
the policy requires an undergraduate major in
mathematics and satisfactory performance on the
PRAXIS II content area test.®”

The CBMS 2005 survey found that 44% of
four-year institutions that certify elementary

SPRAXIS I is a test administered by the Educational Test-
ing Service, ETS, and used by a number of states in the
United States to assess prospective teachers’ knowledge.
Seelhttp://www.ets.org/praxis.
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teachers have different requirements for early and
later grades, with an average of 2.1 mathematics
courses required for certification in institutions
with a single certification requirement; an average
of 2.7 courses in institutions that offer early ele-
mentary certification (up from 2.4 in 2000); and 5.6
courses for the later grades certification (up from
3 in 2000; p. 52). In our sample, 36% of institu-
tions had different requirements for later grades.
Numbers of required courses are shown in Table 2,
with a breakdown of the MEET data by Carnegie
classification and selectivity, with requirements
for math specialization shown separately.

In the MEET survey, the number of courses
required for basic K-8 certification ranged from
zero to six, with fifty-five of the fifty-seven schools
offering courses specifically designed for elemen-
tary teachers. This concurs with the CBMS data,
in which 81% of certifying institutions offered a
special course or course sequence for future ele-

"There are similar problems with counting courses, since
the number of contact hours can vary considerably. Some
institutions use a semester system, others a quarter sys-
tem. Courses can meet from one to more than five hours
a week with different associated credit hours. Adopting
methods from the CBMS survey, we report humber of
required courses. In other parts of the study, we asked
about contact hours, credit hours, and semester v. quarter
requirements, but we report only number of courses here.

Table 2

mentary teachers. The most common requirement
was two courses, but three institutions required
no mathematics (other than general distribution
requirements for all students) and one institution
required six classes. Table 2 shows that the mean
number of required courses is 2.2, with over a
third of the institutions offering a specialization
with much greater course requirements. Ph.D.
institutions and larger schools are more likely to
offer mathematics specializations, for which the
mean number of required mathematics courses is
6.9. While bachelor’s institutions are least likely to
offer mathematics specializations to elementary
teachers, those that do have more course require-
ments (9.5) than doctoral institutions (6.3). The
same pattern is present when comparing institu-
tions by size. Institutions with over 150 elemen-
tary education graduates each year are the most
likely to offer math specializations but require
students to take fewer courses for the major than
smaller programs.

Statistical (chi-square) analysis of the data show
that the percentage of institutions with mathemat-
ics specialization differs significantly by Carnegie
classification (p < 0.05 that these differences oc-
curred by chance; the statistic indicates that at
least one of the three numbers differs significantly
from the others) and by size of the elementary
cohort (p < 0.01 that the differences occurred by
chance, again indicating that at least one of the

Number of Required Mathematics Content Courses by Institutional Characteristics'

Number of Number of courses Percent with Number of courses
institutions for basic mathematics for mathematics
(mn) certification specialization specialization
Mean SD Percent Mean
All Institutions 57 2.2 1.20 37 6.9
Carnegie classification
Ph.D. 14 2.0 .96 50% 6.3
Master’s 26 2.3 .79 46* 6.8
Bachelor’s 17 2.1 1.80 12* 9.5~
Size of elementary cohort
Less than 50 27 1.9~ .84 16%* 8.0
50-149 15 2.7 1.63 407 7.5
More than 150 15 2.3 1.07 71%* 5.9~
Selectivity of institution
Less selective 11 2.2 .75 18 7.0
Selective 29 2.1 .83 38 6.6
More selective 17 2.2 1.86 47 7.4

LAl but one of the schools in the sample reported a semester schedule. The one different school was on a 4-1-4
schedule. Numbers have not been adjusted to reflect this difference.
~ p < 0.1 for t-test statistic comparing the mean of institutional type to other types.
*p < 0.05 **p < 0.01 for chi-square statistic indicating the distribution varies by this institutional type.
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three numbers differs significantly). The latter
may reflect that the larger institutions are able
to require a specialization because they have the
student populations to do so. The difference by
Carnegie classification suggests that Ph.D. and
master’s institutions may be better able to adopt
policy and research recommendations for increas-
ing the preparation of middle school mathematics
teachers than bachelor’s institutions, and this
may be related to size. T-tests of the difference
of means show that the average of 9.5 courses
required by bachelor’s institutions for a mathemat-
ics specialization is significantly different from
the other means with less than a 0.1 probability
that the difference occurred by chance; and that
the average of 5.9 courses required by the institu-
tions with the largest cohorts is significantly less
than the number required by the institutions with
smaller cohorts. At the same time, the mean of 1.9
courses required for basic certification in schools
with the smallest cohorts is statistically different
from requirements at schools with larger cohorts.
These statistics show that, in this sample, bach-
elor’s institutions and smaller institutions that
offer a specialization for later grades are requir-
ing much more mathematics than schools in the
other categories. Selectivity of institution shows
no significant differences for the likelihood of
offering a specialization, or for the number of
courses required when the specialization is of-
fered.

What do these data mean? It is hard to interpret
definitively, butitis clear here, as in the CBMS data

Table 3

(and using earlier CBMS data as a comparison), that
the mathematics requirements for certification are
increasing at all kinds of institutions. The special-
ization requirements are close to seven courses,
which could be a respectable minor of twenty-one
credits in many schools. The number of courses
required for basic certification is still well below
CBMS recommendations, especially for the schools
in the sample with smaller cohorts.

We asked about the size of classes and the
number of sections and found that the mean size
was twenty-six students per section, and the mean
number of sections was four. The largest class in
our sample was sixty, and the smallest fifteen.
Both the class size and the number of sections var-
ied by size of the institution, with smaller schools
having both fewer sections and smaller class size.
In no case in our data did we find classes that met
as a large lecture with discussion sections. That is,
the sections were independent classes with their
own instructors.

2.What s the typical content of these
courses?

We asked the department chairs about the content
of the course or sequence of courses required for
certification and found that 51% of the focal (usu-
ally first) courses focused primarily on number
and operations, and 41% of the second courses
focused on geometry and measurement. Table
3 shows the results across all topics. We asked
about both the primary content of the course and
the secondary content. As the table shows, there

Percent of Institutions with Specific Content Focus by Content and by Course

Focus in required courses by

Primary content focus by

content course
Primary Secondary Focal Second
content content course course
Data and statistics 17% 22% 6% 26%
Number and operations 25 14 51 10
Problem solving” 10 21 19 5
Number theory 7 23 11 5
Geometry and measurement ee 22 8 41
Algebra and prealgebra 8 22 11 5
6 17 13 0

Logic and/or set theory

Note: Respondents were asked to choose one primary content area. However, some respondents indicated
two content areas of equal importance and could not choose just one area. For this reason, the percentages of
primary content area do not add to 100. The percentages for secondary content area do not add to 100 because

respondents were allowed to choose multiple areas.

4 We include problem solving as a separate content area because, in fact, we found that some courses (and
textbooks) do not have a topical focus but rather are problem-based and range across topics, with the focus on

problem solving as a process.
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Table 4

Textbook Used by Number of Institutions

Book Percent of Number of
institutions institutions

Billstein et al. 21% 12

Musser et al. 11 6

Other mathematics for elementary 19 11

education textbook

Other mathematics textbook 30 17

No textbook 19 11

is considerable attention to number and opera-
tions, geometry and measurement, and data and
statistics, with other topics included but less often
as a focal topic.

Another way to understand the content of the
courses is to examine the textbooks and other
materials used. We found that most of the courses
(83%) use a single textbook for the course and that
in schools with multiple sections, all instructors
use the same text. Textbook use data are shown
in Table 4.

The most commonly used textbook was Bill-
stein, Libeskind, and Lott (2004), and the second
most popular was Musser, Burger, and Peterson
(2003). Twenty-nine of the schools used text-
books such as these two, written specifically for
mathematics courses for teachers, but as shown
in the table, seventeen used other mathematics
textbooks, and eleven used no textbook. In the last
category, schools that did not use a textbook typi-
cally used materials developed by the instructor or
department or a collection of books and resources,
not including a textbook per se. One important
finding from analysis of the achievement data is
that students in classes that use one of the thirteen
textbooks specifically designed for such a class
(e.g., the twenty-nine cases shown in the table
above) make significantly higher gains than those
in classes with other textbooks or no textbook at
all. Unfortunately, we did not have enough data
to analyze the results by specific textbook to see
whether any single book, or subgroup of books,
resulted in higher performance.

3.Who teaches the courses?

We asked about the positions held by instructors
of the courses and how the department went about
staffing. For these data, we asked the respondent
about the specific individuals teaching the re-
quired courses during the 2006-7 academic year.
Data reported here are for all instructors (n = 81),
not for individual institutions. Fifty-nine percent
of the instructors were tenured or tenure-eligible
faculty in the mathematics department. The other
categories are: other full-time with Ph.D. (5%), other
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full-time without Ph.D. (13%), part-time faculty
(20%), and graduate teaching assistant (4%). The
part-time faculty were typically adjuncts who had
K-8 classroom experience. These percentages var-
ied significantly by Carnegie classification, where
master’s and bachelor’s institutions had higher
percentages of tenure-stream faculty teaching and
no graduate assistants; and by size, where smaller
institutions had more tenure-stream faculty teach-
ing these courses.

Even though all of the courses were taught in
mathematics departments, the degrees of the in-
structors were not all in mathematics. In the Ph.D.
category, nineteen of the forty-seven instructors
with Ph.D.s. had Ph.D.s in mathematics, twenty-
two in mathematics education, and six in other
subjects. Overall, fifty of the eighty-one instructors
had at least one degree in mathematics.

One of the questions posed to the department
chair (or representative) was about the difficulty
of staffing the courses. Fifty-seven percent of the
departments reported that it was easy to staff,
and 19% reported that it was very difficult. This
varied considerably by institution type: only 11%
of departments in Ph.D. institutions reported
that it was easy to staff the courses, while 80% of
the bachelor’s institutions did so. The issues sur-
rounding teaching courses for elementary teachers
depend on the other obligations and interests of
faculty members beyond undergraduate teaching.

Conclusions

The efforts of these department chairs and in-
structors, combined with increases in the numbers
of required courses and in state mandates to staff
later grades with teachers who have specializa-
tions in mathematics, may bear fruit in the future
as the number of teachers who know more mathe-
matics increases in classrooms across the country.
Although progress in changing the mathematical
profile of elementary school teachers will be slow
as new graduates replace retirees and others who
leave the profession, it is critical for mathematicians
to continue their involvement with designing
and teaching these courses so that every newly
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certified teacher will be prepared to teach rigor-
ous, accurate, and interesting mathematics to their
young students.
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About the Cover
2D vortex formation

This month’s cover is a sequence of im-
ages of simulated vortex formation in two
dimensions. Red patches indicate counter-
clockwise rotation, blue clockwise. They
illustrate that in two dimensions, vortices
initially randomly distributed will coalesce.
This is the theme of the article by C. Eugene
Wayne in this issue.

The images are from an animation pro-
duced by Herman Clercx and GertJan van
Heijst of the Fluid Dynamics Laboratory
at TU Eindhoven. A link to the anima-
tion can be found at Figure 6 on the web-

page [http://web.phys.tue.nl/nl/de_|

[FacuTted t?capac1 tel tsgroepen7|

transportfysica/fluid_dynamics_

ab/turbulence_vortex_dynamics/2d_

[curbuTence/bounded/|

For more information, see the paper
“Self-organization of quasi-2D turbulence in
stratified fluids in rectangular containers”
by Clercx, van Heijst, and S. R. Maassen in
the Journal of Fluid Mechanics (volume 495,
19-33, 2003).
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WHAT 1I§...

Persistent Homology?

Consider the art of Seurat or a piece of old
newsprint. The eye, or the brain, performs the
marvelous task of taking the sense data of individ-
ual points and assembling them into a coherent
image of a continuum—it infers the continuous
from the discrete.

Difficult issues of a similar sort occur in many
problems of data analysis. One might have samples
that are chosen nonuniformly (e.g., not filling a
grid), and, moreover, one is constantly plagued by
problems of noise—the data can be corrupted in
various ways.

Pure mathematicians have problems of this sort
as well. One is often interested in inferring proper-
ties of an enveloping space from a discrete object
within it or, in reverse, seeking commonalities of
all the discrete subobjects of a given continuous
one. To give one example, this theme is a central
one in geometric group theory, in which a typical
problem, going back to Furstenberg and Mostow,
asks to reconstruct a connected Lie group from a
lattice in it.

And, ubiquitously in analysis, one often tries to
get information about a function from approxima-
tions to it. For instance, any function uniformly
close to z — z" on the complex plane necessarily
has at least n roots (with multiplicity).

Because topology is essentially a qualitative
field, it is perhaps not surprising that there has
been a development of some common topological
technology for these problems. Needless to say,

Shmuel Weinberger is professor of mathematics at the
University of Chicago. His email address is shmuel@math.
uchicago.edu.

The author was partially supported by NSF 0805913,
NSF-SGER grant DMS-0852227, and STOMP, a DARPA
program.
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Shmuel Weinberger

In memory of my friend, Partha Niyogi (1967-2010)

The Seine at La Grande Jatte by Georges
Seurat.

the deepest aspects of these problems all have
the idiosyncrasies of their particular application
domains. The focus here is on what is common to
them.

For simplicity in what follows, we will take all
homology groups to have coefficients in a field.

Definition. Suppose that we have X = {X,|r €
R} a nested sequence of spaces (satisfying mild
technical conditions), parameterized by the real
numbers. We define the kth persistent homology
PHy(X) by the formula:

PH(X) = [THk (X,).

The product on the right is an awful object: for-
mally it is an uncountable dimensional vector
space, but there is a reasonable way to make
sense of this, taking into account the fact that
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the inclusion X, ¢ X; for r < s induces a map
Hy(Xy) — Hp(X;).

If one considers an element of Hy (X, ), then one
can follow it along “further in time” to larger s’s
and watch whether or not it dies. If it dies, there is
a smallest (or actually infimal) s at which it does.
If Hy(X,) is finite dimensional, then it is possible
to give it a basis so that every element in the basis
has a well-defined moment of death and a sum of
basis elements dies in Hy (X;) if and only if each of
the basis elements with nonzero coefficients in its
description dies in Hy (X;). (This is a consequence
of elementary linear algebraic considerations.)

A concrete example is given by a positive real
valued function f : Z — R*; we can think of
f~'[0,r] as an approximation to Z. From this
point of view, there are some homology classes
that are “born immediately” at r = 0, i.e., are
in the image of Hy(f~'{0}), but others are born
somewhat later. Other classes might be born at
one moment and die somewhat later.!?

We can summarize this in a “barcode” that
encodes these births and deaths. Here is a picture
of a function on the 2 sphere and the persistent
homology in dimensions 1 and 2 of the associated
filtration of the sphere.

In the function setup, persistent homology can
be thought of as a variant of Morse theory. Each
critical point of a Morse function either announces
the birth of a homology class or is the death knell
of another. Thus critical points are always visible
in the barcode of homology either in the index
dimension or one lower.

Now let us return to the kinds of examples that
motivated our discussion. If one starts with a sub-
manifold M of Euclidean space (say, a human face)
and samples many points from it (pointillistically),
we can consider the function f(x) = smallest dis-
tance from x to any of the sample points. The
homology of these sublevel sets can be computed
using computer algorithms. If s is larger than the
density of the samples, then at that scale one
has all of the homology classes of M present, and
if s is not too large, the homology will be that
of M (although, after a while, the homology classes
of M will die).

LEven if Z is compact, if the function is just assumed
continuous, then at particular levels one can have infi-
nite dimensional homology. However, the homology that
persists over any positive length interval is necessarily fi-
nite dimensional—already a good reason to look at such
homology groups.

2]f the function f is nice, then the persistent homology
can be thought of as a derived pushforward sheaf.
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This picture shows, on the left vertical axis,
the birth of 0-dimensional homology classes
(essentially components) and their deaths (the
coalescing of components). For 1-dimensional
homology it looks like this:

PH

A typical example of PH; taken from 1400
samples of a 2-torus looks like this (with the
persistence parameter being drawn horizontally,
as is the usual custom):

NOTICES OF THE AMS

37



In this example, there was no noise; the short
bars are indicative of the irregularities and inef-
ficiencies of the sampling. Much remains to be
learned about the shape of barcodes of data, but
there are theorems that tell us how to use PH
to compute genuine homology from samples that
are sufficiently dense and not too noisy.

In almost all applications, a key role is played
by a stability theorem that asserts that for nearby
functions (or filtrations), the barcodes cannot be
very far apart, in a precise quantitative sense.
The topology on the space of barcodes has two
barcodes being close if by ignoring “short inter-
vals” we can match up their long intervals in such
a way that corresponding intervals have nearby
endpoints. A picture should suffice:

is “close” to

because, aside from the “short” intervals, the
barcodes can be closely aligned.

The stability theorem of Edelsbrunner, Cohen-
Steiner, and Harer says that if functions are at
mostC apart, then the long bars of their per-
sistence diagrams correspond—and indeed their
initial and terminal points cannot be shifted by
more than C, although short intervals of length
< C can be arbitrarily different. The reader can
think about the diagrams of the functions y = x?
and x? + sin(10000x) on R to see why this is true.

When we apply these ideas to a discrete group
with the word metric,’ we form a different nested

3For any finitely generated group, we define the distance
between two group elements to be the number of multi-

NOTICES OF THE AMS

sequence of spaces. These spaces are all simplicial
complexes. The space associated with the number
r (for r > 1) has k-simplices spanned by k + 1
group elements that are a pairwise distance at
most log(r) apart.

It is easy to check that these simplicial com-
plexes for different generating sets or for different
uniform lattices in the same Lie group are close
to one another (essentially the distance is deter-
mined by the length of the words describing one
generating set in terms of the other) and there-
fore have close persistent homology. This can be
used to show that certain homological properties
of groups only depend on “coarse quasi-isometry
type” and, e.g., agree for different uniform lattices
in the same Lie group. As an example, essen-
tially due to Gersten, the last dimension for which
there is a long, i.e., infinitely long, interval in
the persistent homology detects cohomological
dimension.

For our last example, consider a Riemannian
manifold M. Our spacewillbe X = AM = {y : S —
M3}, the space of smooth loops in M. Our function
is given by the “log energy”

log E(y) = log | <y'(0,y'(0) > dt,

where <, > denotes the Riemannian inner product.
Note that while the log energy depends on the
metric, for two metrics on the same compact
manifold, the difference between these functions
on X is bounded. As a result, by stability, the
persistence homology of this loop space—up to
finite distance—is an invariant of the manifold,
i.e., is independent of the metric. We are most of
the way toward proving the following theorem,
essentially due to Gromov:

Theorem. Let M be a compact Riemannian man-
ifold. The question of whether there is a universal
constant C so that every closed nullhomotopic geo-
desic of length L can be contracted through curves
of length at most CL is independent of the metric
on M; indeed, it only depends on the fundamen-
tal group of M. This condition is equivalent to the
nonexistence of arbitrarily long persistence inter-
vals in PH, of the component of the constant loops
in AM.

The final statement of the theorem explains the
clause immediately preceding it. The geometric
condition about geodesics depends only on the
fundamental group (and not on the manifold)
because this is true, almost by definition, for
the 0 dimensional homology of the space of
loops. Examples for which this condition does not
hold are finitely presented groups with unsolvable

plications by generators it takes to go from one element
to the other. Although this depends on the generating set,
many of the large-scale properties of this metric space do
not, as is explained in Roe’s article [3].
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word problem (for a bound on the size of the
persistence intervals could be used to give an
algorithm for solving the word problem). For
manifolds with such fundamental groups, the
theorem asserts the existence of many interesting
closed nullhomotopic geodesics. More information
can be found in Alex Nabutovsky’s talk at the 2010
ICM.

The terminology of persistence homology can
be viewed as an example of applied applied math.
The needs of applied math have given us a
very convenient vocabulary for expressing certain
questions and arguments in pure mathematics.
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Real Face of Janos Bolyai

Tamas Dénes

On the 150th anniversary of the death of Janos Bolyai*

n Vol. 56, No. 11, of Notices, I saw a fascinat-

ing article with the title: Changing Faces—The

Mistaken Portrait of Legendre. The author, Pe-

ter Duren, writes with understandable bewil-

derment: “It seems incredible that such egre-
gious errvor could have gone undetected for so many
years.” This encouraged me to publish, in the same
journal, the story—no less fascinating—of the real
face of Janos Bolyai.

It should be explained that in the case of
Janos Bolyai two different interpretations of the
word “face” are justified: the “face” in terms of
the portrait (painting, drawing), and the “face” as
an abstract concept. The first part of the article
introduces the surprising story of his only portrait,
which, although universally accepted, turns out not
to be of him at all. The second part explores his
intellectual or “mind-face” (it is my own word
formation) and outlines a new approach to Bolyai’s
creative life and work.

The town of Marosvasarhely—which lies in the
heart of the Central European Transylvania—fulfills
an important role in the history of the Bolyai fam-
ily: Janos lived most of his life there, and the local
library holds most of his manuscripts. The reader
might find it strange that while Janos Bolyai is well
known around the world as an eminent Hungar-
ian, Transylvania (and so Marosvasarhely) can be
found within the borders of Romania. This can be
explained by the unsettled history of Transylvania.
If we look back only to the nineteenth century, the
part of Transylvania that was populated mainly
by Hungarians was autonomous at times, whereas
at other times it belonged to Hungary. In 1947,
following World War II, the Treaty of Paris gave
this area to Romania, so that is where it is found
on today’s maps.

Tamads Dénes is a mathematician and cryptologist from
Hungary. His email address is tdenest@freemail.hu.

'Dedicated to the memory of Professor Elemér Kiss
(1929-2006).
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The article entitled “The real face of Janos
Bolyai” originates from my conversations with
Professor Elemér Kiss. Unfortunately his serious
illness, followed by his death in 2006, thwarted
our writing of a shared article. This piece of work
is intended to fill this gap.

Only Two Pictures of Janos Bolyai Ever
Existed, Neither of Which Has Survived
Janos Bolyai (December 15, 1802-January 29, 1860)
emerges like a comet from the history of Hungarian
mathematics.

“He was an illustrious mathematician with a
great mind; the first amongst the first”—read the
record of his death in the book of the Reform
Church of Marosvasarhely in Transylvania. On
November 3, 1823, he had sent a letter to his father
from Temesvar, including the words that would
later become famous: “I created a new, different
world out of nothing.”

What he meant by this “new world” was the
idea of hyperbolic geometry, which was outlined
in 1832, as an appendix to the book Tentamen
by Farkas Bolyai,” entitled “The absolute true sci-
ence of space” (Scientiam Spatii absolute veram
exhibens). This, under the name “Appendix”, has
become his best known piece of writing.

The theory outlined in this work has been
named “Bolyai-Lobachevsky geometry”, following
a decision made in 1894 at the International Bib-
liographic Congress of Mathematical Sciences. In
January 2009 the “Appendix” by Janos Bolyai was
added to UNESCO’s Memory of the World Register.

Janos Bolyai was the son of Farkas Bolyai—
himself a defining figure of nineteenth-century
Hungarian mathematics, who was in regular corre-
spondence with Gauss. As a result, it is perhaps
not surprising that Farkas Bolyai and his wife
Zsuzsanna Arkosi Benkdé were immortalized by

Father of Janos Bolyai.
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(Source: Hungarian Academy of Sciences Library)

Figure 1. Title page of the “Appendix” by Janos
Bolyai.

contemporary artists in both drawings and oil
paintings. It might therefore be assumed that
their child, who had already become famous in
his lifetime, would be immortalized in a similar
manner.

But based on contemporary sources, only two
pictures of Janos Bolyai ever existed, neither of
which has survived. One of the “Vienna pictures”
was mentioned by Farkas Bolyai himself in a letter
written to his son on September 3, 1821. According
to other sources, by 1837 this picture could no
longer be found.

The other one was made while he was serving as
alieutenant. The destruction of this was accounted
for by Janos Bolyai himself: “I tore up this picture,
which had been taken in a military parade, for I
was not worthy of my father. I wasn’t craving the
outward immortality so wildly promoted by others.”

The most recent research on Bolyai, by profes-
sors Tibor Weszely® and Elemér Kiss,* also supports
the idea that there is no surviving authentic image
of Janos Bolyai.

3Sapientia University, Tg-Mures, Romania.

“He had been a professor of mathematics until his death
(2006) at the Sapientia University, Tg-Mures, Romania.
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The Portrait of Janos Bolyai That Isn’t

The question is: how has this—supposedly
authentic—portrait spread around the world with
the name of Janos Bolyai?

Well, exactly fifty years ago, on the centenary
of Janos Bolyai’s death, Hungarian and Romanian
stamps were published with Bolyai’s name on them.
Since then there has been an increased presence of
this portrait everywhere: in books, on postcards,
and most recently on the Internet, too. Today we
know for certain that this portrait is not that of
Janos Bolyai.

1802- J. BOLYAI- 1860

Hungarian and Romanian stamps in 1960),
that has been circulated around the world.

The year 2010 is the 150th jubilee of Janos
Bolyai’s death, soit’s about time that—after a latent
period of fifty years—we resolve this scandalous
mystery and bring to the public the results of
the latest Bolyai research. In order to do this, I
first need to briefly introduce the reader to two
contemporaries of Bolyai: two Hungarian painters
and a painting that plays a key role in the story.

Mor Adler (1826-1902) was one of the pioneers
of Hungarian painting. He stood out as a student of
some merit at the Weisenberger School of Graphic
Art, from which he went to the Vienna Academy.
There he was taught by the then well-known histor-
ical and religious painters, between 1842 and 1845.
He then traveled to Munich in 1845 to study the
works of Zimneirmann and Schnorr von Carolsfeld
and for further studies in 1846-1847 in Paris. Next
he settled in Pest in 1848, where he would become
a respected figure in the art world by the end of
his career. He took part in the Pest Artists Group
exhibition in 1851 and would take part in this
annually for the next fifty-eight years. He was best
known for his portraiture and still-life paintings,
which he executed in a fine realistic manner.

Mor Adler created the large oil painting above
(150 x 100cm) in 1864.

The name of the person depicted in this paint-
ing does not appear either on the front or the
back of the painting, nor is it mentioned in any
contemporary documents. One thing we know for

VOLUME 58, NUMBER 1



Figure 3. Oil painting by Mo6r Adler from 1864.

certain is that a drawing by Karoly Lihnsdorf
(1893-1958)° was made, based on this painting.
He wrote the name Janos Bolyai at the bottom of
the drawing, accompanied by the following note:
“I have drawn this portrait based on the only re-
maining picture of Janos Bolyai, painted from life by
Mor Adler (1826-1902) artist from Obuda in 1864—
Kadroly Liihnsdorf.” The original drawing by Karoly
Lithnsdorf is now owned by the Bolyai family, but
the photo of it and Mor Adler’s painting can be
found on the walls of the Janos Bolyai Mathematical
Society.

To sum up, taking account of Mor Adler’s and
Janos Bolyai’s biographical data and the fact that
the painting is of a twenty-year-old man, we can
draw the following conclusion. If the painting was
of Janos Bolyai, it would have to have been created
around 1822, when Mér Adler wasn’t yet born.

Lithnsdorf states that he drew his picture “based
on Adler’s original painting from life”, a clear
assumption that Adler painted his picture of Bolyai
himself. However, we know from biographical data
that Mor Adler traveled around Europe until 1848.
Only then did he settle in Hungary—at which time
Bolyai was already forty-six years old.

To assume that the painter did not paint from
life but from memory would also be a mistake,
as in 1826, when Mor Adler was born, Bolyai was

>He studied at the Hungarian Academy of Arts between
1921 and 1928. His main interest was in painting por-
traits and biblical scenes; he acquired fame in the field
of portrait painting. These depicted scientists, historical
figures, and personalities from religious and public life.
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Figure 4. Karoly Lihnsdorf’s drawing of Mor
Adler’s painting. On it, his handwritten note
that has, until now, misled the world.

already twenty-four years old. If they met toward
the end of the 1840s, when Adler was beginning
his artistic career, Janos Bolyai would have already
been past forty.

Thus Mo6r Adler’s painting cannot be of Janos
Bolyai, and Karoly Lithnsdorf must have written his
note based on false information, thereby mislead-
ing future generations. This is how this portrait,
that IS NOT OF JANOS BOLYAL, started its journey
around the world, being mistakenly recognized by
mathematicians, students, and institutions as the
only original portrait of him.

The Real Face of Janos Bolyai
“He was the first Hungarian mathe-
matician who (according to Lordnd
Eotvos)® created something world

61 ordnd Edtvis (1848-1919) is remembered today for his
experimental work on gravity, in particular his study of
the equivalence of gravitational and inertial mass (the
so-called weak equivalence principle) and his study of
the gravitational gradient on the Earth’s surface. EOtvos’s
law of capillarity (weak equivalence principle) served as
a basis for Einstein’s theory of relativity, and the Eotvos
experiment was cited by Albert Einstein in his 1916 pa-
per “The foundation of the general theory of relativity”.
(Capillarity: the property or exertion of capillary attrac-
tion of repulsion, a force that is the resultant of adhesion,
cohesion, and surface tension in liquids that are in con-
tact with solids, causing the liquid surface to rise—or
be depressed.) The Eotvos torsion balance, an impor-
tant instrument of geodesy and geophysics throughout
the whole world, studies the Earth’s physical properties.

NOTICES OF THE AMS
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Figure 5. Here is the picture of the only
authentic relief of Janos Bolyai on the front of
the Culture Palace in Marosvasarhely
(Romania).

famous. Unfortunately, of this
scientist-giant no picture survives,
his features being forever hidden
from future generations. The only
source describing his appearance
is his passport (made when he was
forty-eight): he was of average
build, blue-eyed and with a long
face.” (Elemér Kiss)

From contemporary descriptions we may learn
what he looked like. We know that he sported a
dark brown beard, that his hair was the same color,
that his eyes were dark blue. According to Jozsef
Koncz (historian of the College of Marosvasarhely),
Janos Bolyai looked very much like General Gyorgy
Klapka.” Another important fact: his son, Dénes
Bolyai, stated that there was a huge resemblance
between himself and his father.

I took this thinking further. On the facade of the
Culture Palace in Marosvasarhely, above the

mirror room windows, there are six carved stone
reliefs of nineteenth-century intellectual geniuses.
Underneath them, faded but readable subtitles
identify each figure.

It is used for mine exploration and also in the search for
minerals, such as oil, coal, and ores.

7Gyo'rgy Klapka was a heroic general of the Hungarian
freedom fight in 1848-1849.
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foto: T.Dénes T.

Figure 6. The only authentic relief of Janos
Bolyai.

The third one from the left is Farkas Bolyai, the
fourth one is Janos Bolyai. With the exception of
Janos Bolyai, we have authentic pictures of all of the
others. I compared these pictures with the reliefs,
and I found the features to be easily recognizable.

Then I'looked at portraits of Gyorgy Klapka and
Dénes Bolyai and placed them beside the Janos
Bolyai representation from the Culture Palace. I
was fascinated by the likeness: as if they were
showing the same person.

The Culture Palace in Marosvasarhely was built
between 1911 and 1913. At that time there were
people living in the town who knew or saw Janos
Bolyai, including his son Dénes Bolyai. He was a
retired judge who took part in the exhumation of
his father and grandfather on June 7, 1911. The
artist who set Janos Bolyai’s features in stone at
this time must have—naturally—consulted the son
(Dénes Bolyai) and his acquaintances regarding his
father’s looks.

Help of Computer Graphics
Based on the above reasoning, we have to accept
that there isn’t any authentic portrait of Janos
Bolyai. We have proved that Mor Adler’s and Karoly
Lihnsdorf’s pictures aren’t of Janos Bolyai, and
there is little likelihood of ever coming upon
an authentic photo or painting in the back of
the archives. It is very important, however, that
we have authentic portraits of his father, Farkas
Bolyai, his mother, Zsuzsanna Benko, and his son,
Dénes Bolyai.

From these data, with the help of computer
graphics (Meesoft SmartMorph software), Robert
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grandson and grandfather can only be explained by the genetic mediation of Janos Bolyai
between the two generations.)

i,

Figure 9. Computer transformation of a face: Gyorgy Klapka—Janos Bolyai.

0lah-Gal® and Szilard Maté” have created a virtual
portrait of Janos Bolyai [20]. The aim of this
experiment was to reduce the subjective element
in deciding which portrait is more accurate, the
picture painted by Mor Adler in 1864 or Janos

8Souaiem‘ia University, Department of Mathematics and
Informatics, Miercurea-Ciuc, Romania.

9Sa;aientia University, Department of Mathematics and
Informatics, Miercurea-Ciuc, Romania.
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Bolyai’s half-relief on the building of the Culture
Palace in Marosvasarhely.

After much experimentation, using the facial
transformation technique on the computer, the
following conclusion was drawn: in all probability,
only one of the pictures comes close to Janos
Bolyai’s real likeness, and it is the half-relief on the
Culture Palace.

After several decades of silence, attention needs
to be drawn to the fact that the face of Janos Bolyai

NOTICES OF THE AMS



in the public consciousness is not really his face.
The only authentic source of his real portrait is the
Culture Palace in Marosvasarhely (Figure 6). Being
a defining figure of mathematical history, in the
future he deserves to be associated with his real
facial features.

I present gladly to the reader the next two works
of art, which follow this mentality (see Figures 10
and 11).

Furthermore, this shocking statement, referring
to his appearance, may equally be applied to the
“well-known” facts about his professional activity
(“mind-face”).

Janos Bolyai’s Real “Mind-Face” as a Math-
ematician (Based on E. Kiss: Mathematical
Gems from the Bolyai Chests [16])

In his life Janos Bolyai’s only published work was
“The absolute true science of space”, better known
as the “Appendix”. This was enough to make him
world famous, but it also reduced his intellectual
creation to this single piece of work.

When Janos Bolyai died the military governor
seized all his manuscripts and had them put in
chests and transported to the castle so that they
could be examined for military secrets. Thus were
his papers preserved for posterity, approximately
14,000 pages of manuscripts. The task facing
researchers has not been easy. There are few
dates, no numbered pages, pages missing, notes
on envelopes and theater programs, idiosyncratic
mathematical notations, and newly invented words.

However, Janos Bolyai didn’t just leave us with
the “Appendix” but with a heritage, consisting
of 14,000 pages of letters to his father and
manuscripts which are now kept in chests in
the Teleki-Bolyai Library in Marosvasarhely. In
these chests one can find mathematical theories—
treasures in Bolyai's words—that have been hidden
from the public for nearly 100 years. These pages
convince us that Janos Bolyai, who was known
purely as a geometer, was actually a universal math-
ematical genius who worked on many branches
of mathematics, at times preceding significant
inventions of other big names by decades.

The task Elemér Kiss took on, deciphering the
contents of the “Bolyai chests”, led to extraordinary
results. The expression “deciphering” describes
the tedious act of many decades by which it
has been possible to reconstruct the contents of
these materials. The contents, the grammar, the
mathematical symbols, which differed significantly
from those of present times, were often unreadable.
Today we know that the results of this hard work
have left us with a brand new “mind-face” of Janos
Bolyai.

Elemér Kiss’s book was published in 1999 in
Hungarian and in English, followed by an extended
second edition in 2005 by Typotex and Akadémia
Publishers [16].
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Figure 10. Reconstructed portrait drawing with
India ink, made by Attila Zsigmond (a painter
who lived in Marosvasarhely in 1927-1999),
using Bolyai contemporary texts and other
sources. The picture can be found in the Bolyai
Museum, Marosvasarhely.

Figure 11. Bolyai Memorial Medal prepared for
the Bolyai anniversary (in 2002) by Kinga
Széchenyi, based on the relief on the Culture
Palace in Marosvasarhely.

The first chapter, “The life of Janos Bolyai
and the science of space”, gives a brief account
of the journey the scientist took in the creation
of a new geometry. In addition, there is a real
novelty in Chapter 1.6, considering the discovery
of non-Euclidean geometry based on facts from
Bolyai’s correspondence. The author comes up
with a convincing reasoning for the priority of
Bolyai in the Bolyai-Gauss-Lobacsevszky relation.

In the second chapter we can read a system-
atic and comprehensive description of the “Bolyai
chests”. Parts of this chapter explain the lan-
guage and symbols used by Bolyai, the result of
meticulous research, as some of the original texts
resemble complicated riddles.

In Chapter 4.3 we can read that in one of Bolyai’s
notes, he writes: “My long nourished expectations
and hopes had grown and mounted higher, namely,
that I can devise primes based solely on their order
in their series, independently or directly ..., in other
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Figure 12. Elemér Kiss’s book reveals a
brand-new aspect of the mathematical work of
Janos Bolyai.

words, that it is possible to give a formula which will
define only primes.”

He could find no formula for rational integer
primes and neither could anyone else till this
day, but his investigations led Janos Bolyai to
an important discovery: he hit upon the first
pseudoprime. '’

10various composite numbers m for which the expres-
sion a™! = 1 (modm) is valid. The fact that the
number of pseudoprimes is infinite has been known since
1904 [5]. There are composite numbers m which sat-
isfy this congruence for each a, whenever a is a rela-
tive prime to m. These numbers are called Carmichael
numbers in honor of their discoverer [1]. One of the
most recent results of number theory is the proof that
Carmichael numbers exist beyond all boundaries (based
on a 1956 idea of the magnificent Hungarian mathe-
matician Paul Erdos (1913-1996)). J. Chernick proved a
theorem in 1939 that can be used to construct a subset
of Carmichael numbers. The number (6k + 1)(12k +
1)(18k + 1) is a Carmichael number if its three factors
are all prime. In 1994 it was shown by W. R. Alford, An-
drew Granville, and Carl Pomerance that there really do
exist infinitely many Carmichael numbers. Specifically,
they showed that for sufficiently large n, there are at least
n?/7 Carmichael numbers between 1 and n. The research
on the pseudoprime numbers was completed in the twen-
tieth century. and its more important application is in
cryptography [7]. I would like to add at this point that
Carmichael numbers have practical applications, namely
to attack RSA cryptosystems [21].
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Bolyai believed he had discovered the formula
of primes in Fermat’s Little Theorem.!! Urged by
his father, he attempted to prove the inverse of
Fermat’s Theorem, but a few attempts convinced
him that proof was impossible and the inverse of
Fermat’s Little Theorem does not hold in general.'?
He did not find the prime formula, but he discov-
ered the first pseudoprime. He communicated the
discovery of the smallest pseudoprime (relative
to 2), 341, in a letter to his father:

“...the most immediate and proper
main question, namely tlhat it
m—
may be the case that 272 =1
(mod m), even though m is not
a prime (which can of course be
proven by even one example, such
as the following which I happened
to stumble on by chance, but not
without theoretical considerations):
2340 = 1 (mod 341) is divisible by
341 = 11 - 31, which is infinitely
easy to ascertain from 210 = 1024,
which gives a remainder of 1 when

divided by 341, therefore the re-
341-1
mainder of 210 = 2170 = 272

and 23471 = 1 (mod341) alike,
thus neither the Fermat theorem
nor the nice conjecture with regard

m-1
to 2 2 is valid (neither in the
general case, nor in the particular
one when a = 2), which is only
to be regretted, since they could
have supplied an excellent and
very comfortable new means of
identification (criterion) of primes

From this letter, especially interesting is the
fragment: “but not without theoretical considera-
tions". What could those earlier notes include?
Janos Bolyai examined the question under what
conditions the congruence

(1) a’?~! =1 (modpq)

is satisfied, where p and g are primes, and a is
an integer not divisible by either p or g. His rea-
soning was as follows, according to Fermat’s Little
Theorem: a?~! =1 (modp) and a? ! =1 (mod gq).
By raising both sides of the first congruence to the

"This theorem states that if p is a prime and a is an in-
teger not divisible by p, then the difference aP~! — 1 is
divisible by p; a usual shorthand for this is: a?~1 = 1
(mod p).

12The inverse of Fermat’s Little Theorem is: If aP~! = 1
(mod p) holds, it does not necessarily follow that p is a
prime.
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power of g — 1 and those of the second one to the
power of p — 1, we obtain:

aP~V@-1 = 1 (modp) and
©) a?~b@-b =1 (mod q)
= aP V@Y =1 (mod pq).

Next Bolyai observes that if the congruence
ab*42 =1 (modpg) = a?~ ' - a9! = (modpgq)
were true, then by multiplying the two expressions
obtained earlier, one could arrive at the desired
congruence (1).

The following step must be finding the con-
ditions that ensure the validity of the latter
congruence. Since a?~! =1 (modp) and a9 ! = 1
(mod g), continues Bolyai, there must exist integers
hand k such thata?~! =1+ hp and a9 ! = 1 + kq.
In other words the condition of the validity of (1)
is that

(3) hp+kg = (@* ' -1)+(a?'-1) = 0 (mod pq).

It is satisfied if p is a divisor of k and g is a divisor
of h, according to Bolyai, this means that a?9~! = 1

(mod pq) is true of primes p and g for which “";q’l

g+1_ . . .
and “p—ql are integers, in which case

ar-1 -1 ad—1l —

4) ———— and
q

In the simple case when a = 2 Bolyai substitutes

some primes satisfying (4) and arrives at p = 11

and g = 31. This is how Janos Bolyai discovered

the smallest pseudoprime.

Although he emphasized in his letter quoted
above that “even one example” suffices, various
counterexamples emerge from the remaining
manuscripts. He constructed more congruences:

2340 =1 (mod 341), 4" =1 (mod15),
22" =1 (mod 232 + 1).

are also integers.

(5)

Bolyai says that if in the congruence (1) is a = 2,
then the congruence

(6) 2P9=1 = 1 (mod pq) follows.

This corresponds exactly to the theorem of James
Hopwood Jeans (1877-1940), which he published
in 1898 [15], decades after the death of Janos
Bolyai. This is the case with the Jeans theorem
as well. Bolyai’s discovery, like many others apart
from the “Appendix”, was not communicated even
to his father. This is why one of Bolyai’s beautiful
theorems does not bear the name of Janos Bolyai
but that of its rediscoverer.

Bolyai aimed to extend his method (6) to the
case in which n is a multiple of three prime
numbers: “...but it will be considerably more dif-
ficult with three factors.” Such congruences were
constructed by R. D. Carmichael in [1], [2]. Bolyai’s
attempt suggests the following idea of generalizing
Jeans’s theorem: Let p1, p2,...,pn be primes n > 1
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and let a be an integer not divisible by either of
these primes.

aPp2pn1t (mod pn)

aplpz-"pn—Zp”_l =1 (modpn-1)
@ I »

ab2ps-Pn-1Pn”t = 1 (mod py)

then aP1p2-pn ' = 1 (modp1p2 - - - pn).

Chapter 4.6 reveals that Janos Bolyai was also
captivated by Fermat numbers.'”® In one of the
letters written to his father, he alludes to his
approach to Fermat numbers in two places: “By
the way, my previous demonstration of numerus
perfectus'® and that of concerning 22" + 1 are good
and nice ....

“I intended to show that any number of the form
2P — 1 is a prime number if p is prime, at the same
time when I took pains over 22" + 1, since as my
writings show, I thought that 27 — 1 was always a
prime for any prime p. ...”

This chapter represents a special value where
Bolyai’s theorem on Fermat numbers is introduced.
According to this “Fermat numbers are always of
the form of 6k — 1, and therefore are never divisible
by 3.” He proves the proposition as follows:

22m-1 1 1 = (2 +1)(...); consequently, 22m~1 +
1 = 3n, and so 2?1 = 3n — 1, thus 22™ = 6n — 2,
that is, 2 raised to an even power, is of the form
6n — 2. Then 22" + 1 and thus 22" + 1 is of the form
6n — 1, with m, n > 0 being natural numbers.

The international significance of this theorem
and the weight of Elemér Kiss’s research have been
supported by the publication of [18], in which
Theorem 3.12 was called the “Bolyai Theorem”.

This is the first highly reputable source in which
Janos Bolyai’s name is mentioned in the field of
number theory as opposed to geometry, which is
a real milestone on the way to revealing the real
“mind-face” of Janos Bolyai.

In Chapter 4.7, Kiss pointed out that Janos
Bolyai was able to prove the converse of Wilson’s
Theorem,"” but he was unaware of the earlier proof

B Numbers of the form F, = 22" + 1 where n is a natu-
ral number. Fermat firmly believed that all such numbers
were primes, even though he had only calculated Fy = 3,
F1 = 5,F = 17, F3 = 257, F4 = 65637. His conjec-
ture was disproven when Euler in 1732 showed that the
next Fermat number F5 = 641x6700417 is not a prime.
By the early 1980s F, was known to be composite for all
5<n=<32.

Y perfect number.

YIn 1770 Edward Waring (1736-1798) announced the
following theorem by his former student John Wilson
(1741-1793): if p is prime, then (p — 1)! = —1 (mod p),
that is, (p — 1)! + 1 is divisible by p. The theorem
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of Lagrange. Gauss discusses Wilson’s theorem in
Disquisitiones Arithmeticae, but on its converse he
keeps silent. Janos Bolyai acquired the bulk of
their number theoretic knowledge from the work
of Gauss; thus Bolyai was unaware of the proof of
the inverse to Wilson’s theorem.

The inverse to the theorem was important for
Janos Bolyai, who was interested in the prime or
composite nature of various large numbers and
who also searched for the formula of primes. He
notes that “I have proven the inverse of the very
beautiful and significant Theorem of Wilson.” For
the reader’s delight I present Bolyai’s proof:

Suppose that

(8) (p —1)!'=—-1modp.

Let g be a prime divisor of p, namely p = g - p1,
then

9) (p —1)! = —1modq,
and according to Wilson’s theorem
(10) (g—1)!'=-1modg.
It follows from (9) and (10) that
(11)
g-D!'=(p-1)modg=>1-= %modq.

Assume now g < p, then q is a divisor of (p — 1)!
but not of (q — 1)!. Hence

(p-1)! _
(12) qg<p> a—1) = Omodg.
The congruences (11) and (12) are contradictory;
consequently the assumption g < p is false. Thus
p = g 1s a prime.

From Chapter 4.8 we may find out that Janos
Bolyai obtained results on the general construction
of magic squares'® of small orders.

Bolyai wrote on the sheet containing the magic
square that a = 3b (see Figure 13); consequently
b =5 is true.

At the end of his note Bolyai invites the reader
to generalize his 3x3 magic square to nxn squares:

was published by E. Waring, but he acknowledged that it
had first been formulated by J. Wilson without a proof.
The theorem was first proved by Joseph Louis Lagrange
(1736-1813) in 1771, and he proved the inverse to Wil-
son’s theorem as well: if n is a divisor of (n — 1)! + 1, then
n is prime.

164 magic square of order n is an arrangement of n>
numbers, usually distinct integers, in a square, such that
the n numbers in all rows, all columns, and both diago-
nals sum to the same constant. A normal magic square
contains the integers from 1 to n®. The constant sum in
every row, column, and diagonal is called the magic con-
stant or magic sum, a. The magic constant of a normal

magic square depends only on n and has the value a =
nn?+1)
B
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of a 3x3 magic square.

2 y by | &5 - 3 p
46-2x-y b 2x4y-2b a=15 1 5 9
xty-b | 26y | 26 | 471 % | 7 | 2
a=15 a=15 a=15 a=15 a=15

Figure 14. Concrete solution of Janos Bolyai’s
3x3 magic square.

“Seek and search the way to construct general mag-
ical squares from a o'’ divided into any number of
equal O — s, be it arithmetical, geometrical or har-
monic progression...” 1 would like to add that
Bolyai’s ideas were reinvented by Cayley [3] and
Chernick [4], and a survey on the general con-
struction of magic squares can be found in an
encyclopedic book [6].

Chapter 5 talks about a few results of Bolyai’s
work that have never been seen before: about com-
plex integers,'8 into the research of which Bolyai
invested huge amounts of energy. These studies,
which Bolyai called the “theory of primes” or “imag-
inary number theory”, dealt with the arithmetic of
complex integers.

The theory of divisibility of complex integers
was founded and developed by Gauss [12], [13].
He proved the theorem corresponding to the
fundamental theorem of number theory inside
Gaussian integers and discussed congruences in-
volving complex numbers. Janos Bolyai elaborated
the arithmetic of complex integers independently
of Gauss and approximately at the same time.

7 This is the original symbol on Bolyai’s sheet (see Figure
13).

18The complex or Gaussian integer is a complex number
whose real and imaginary parts are both integers. For-
mally, Gaussian integers are the set Z[i] = {a+bi | a,b €

Z},i=+-1.
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The beginnings of Bolyai’s investigation of com-
plex numbers can be dated exactly, because in a
letter to his father he pinpoints the date: “I sought
the theory of imaginary quantities in their proper
place and fortunately found it in 1831.” Based on
his statements it can be asserted that Janos Bolyai
saw his own theory clearly at the beginning of the
1830s, even in the years prior to the publication of
the “Appendix”.

In his manuscripts it can be deciphered that he
clearly identified primes in the ring of complex
integers. He asserted that complex primes are
either

(13)
(14)
(15)

the numbers 1 +i,1 -1, -1 +1i, -1 -1,
rational primes of the form 4m + 3,

complex factors of rational primes of the
form 4m + 1.

Bolyai merely enumerates the numbers (13) as
“perfect primes”,and he notes that2 = (1+1i)(1-1),
but he clearly indicates that 1 + i cannot be written
as the product of two complex integers.

About numbers (14) Bolyai presents various
proofs that they are “absolute primes”. One of his
proofs: “If a prime p is of the form 4m + 3, then
p = t2 + u? is impossible, because if both t and u
are even or odd at the same time, then the sum of
their squares would yield an even number and such
a number is not a prime. If one of t and u is even
and the other is odd, then the sum of their squares is
a number of the form 4m + 1. Then p is an absolute
prime.”

Bolyai showed that the complex integer m +
ni has no divisor different from its associates
provided that p = m? +n? is a prime. He relates this
property of numbers (15) to Fermat’s Christmas
theorem, and he writes: “Every prime p of the form
4m+1 is the product of two imaginary primes, since
all such numbers are the sum of two full squares.”
For example: 13 = (2 + 3i)(2 — 3i).

Janos Bolyai also discussed unique factorization
of complex integers, and he proved the following
theorem: “Every number of the form a + bi can be
uniquely (up to the order of the factors) decomposed
into a product of finitely many primes.”

He not only elaborated the theory of complex
numbers, but its applications were also of impor-
tance to him. He skillfully applied his conclusions
on complex integers in proofs of various number
theoretic theorems.

Chapter 6, “The theory of algebraic equations”,
reveals Bolyai’s struggles in connection with the
solvability of algebraic equations of fifth and higher
order. His unpublished collection contains many
notes pertaining to this subject. It has been
summed up by Elemér Kiss at the end of this
chapter: “Jdnos Bolyai thought long about this im-
portant problem without knowing that it had been
resolved before.”
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This is why the connection between Bolyai and
the theory of algebraic equations is especially in-
teresting. Janos Bolyai frequently mentions the
two-volume Vorlesungen tiber hohere Mathematik
by Andreas von Ettingshausen (1796-1878), which
was published in Vienna in 1827 (see [11]). In
this book the author devoted an entire chapter
to the impossibility of solving equations of a de-
gree higher than four and cited Paolo Ruffini’s
(1765-1822) proof of 17999 [22], [23]. Bolyai cites
Joseph Louis Lagrange’s (1736-1813) book [19],
which addresses the fundamental problem of why
the methods used for solving equations of a de-
gree equal to or lower than four are inapplicable
in equations of higher degree.?® On his reading
Bolyai writes: “...to give a proof of this impossi-
bility for degree 5 and for higher degrees as well:
this proof being given by Ruffini (as the deserved Et-
tingshausen writes) wittily enough, but with a great
many mistakes, in short, only in his fancies.”

This led him to conclude that the theorem was
not valid and consequently at first, he searched
for the solution of equations of degree higher than
four with great enthusiasm, and he wrote in 1844:
“By refuting the demonstration of impossibility (by
Ruffini) ...it will be proven eo ipso (self-evidently) in
a new way.”

Janos Bolyai thought long about this important
problem without knowing that it had been resolved
before. On the other hand, the world didn’t know
about this nineteenth-century Hungarian scientist
who (perhaps late and only for its own sake) had
put an end to a centuries-long debate.

The above facts suggest the isolation Bolyai
worked in all his life and the enormous creative
power through which he was able to “create a new,
different world out of nothing”, not exclusively in
the field of geometry.

Acknowledgment

It is hard to overestimate the value of the work
of Elemér Kiss in the process of revealing Janos
Bolyai’s real face after 150 years of silence. What
makes it even more meaningful is the fact that
Janos Bolyai's face has been unknown so far,
as the famous image that has been circulated
around the world is certainly not his. To put
an end to this misconception, and also to pub-
licize essays and research in related areas, “The
Real Face of Janos Bolyai” has been created at:
[http://www.titoktan.hu/Bolyai_a.htm

OThe 1826 article by Niels Henrik Abel (1802-1829)
could not have been included in this work published in
1827. The Abel-Ruffini theorem states that there is no
general solution in radicals to polynomial equations of
degree five or higher.

20This observation not only impelled Ruffini and Abel to
continue research in this direction but also led to Galois’s
conception of group theory.

VOLUME 58, NUMBER 1


http://www.titoktan.hu/Bolyai_a.htm

Tug ScIENCE ABSOLUTE OF SPACE

Independent of the Truth or Falsity of Euclid's
Azxiom XI (which can never be
decided a priori).

uy

JOHN BOLYAI

TRANSLATED ¥ROM THE LATIN

By
Dr. GEORGE BRUCE HALSTED
THR TEXAS A

PRESIDENT OF THE 4 ACADENY OF SCIENCE

FOURTH EDITION.

YOLUME TIREE OF TIE NXOMONIC SERIES

ronLmED AT
Tre NEOMON
2407 Gusdniupe Stzeet
AUSTIN, TRXAS, U. 8. A.
189

George Bruce Halsted (1853-1922), American
mathematician, translated the “Appendix” by
Janos Bolyai into English in 1896.

At this point it is necessary to remember the
American mathematician George Bruce Halsted
(1853-1922), who in 1896—before any other for-
eign Bolyai researcher—visited Marosvasarhely and
translated the main work of Janos Bolyai: the
“Appendix” [14]. With his activity he contributed
significantly to the international appreciation of
the two Bolyais.

I would like to sincerely thank the referees
who supported the publication of this essay, for
continuing the tradition initiated by G. B. Halsted.
By doing so they make a significant contribution to
the introduction of Janos Bolyai’s real face to the
world.

This essay could not have been written without
our personal discussions with Professor Elemér
Kiss, the written accounts of Professor Andras
Prékopa, and Rébert Olah-Gal’s support with the
face animation.

I would like to say a special thank you to
Ildik6 Rakoéczi, the director of the Janos Bolyai
Mathematical Society, for making it possible for
me to photograph and publish pictures of key
importance for the purposes of this project.

I would also like to express my gratitude to my
daughter Eszter and Damien Bove for taking care
of the language aspect of this essay.
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Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

Assistant Professor of
Applied Mathematics

The Department of Mathematics at
ETH Zurich invites
applications for an assistant professor
position in applied mathematics. The
vacant position is part of the Semi-
nar for Applied Mathematics, SAM
(www.sam.math.ethz.ch). The future
professor should have an exceptional

research potential in some area of
applied mathematics. Particular atten-
tion will be given to numerical analy-
sis and computational mathematics,
preferably complementing current
research directions at the SAM.

The prospective responsibilities of the
successful candidate include research
and teaching in numerical analysis
and computational mathematics for
students of mathematics, engineer-
ing and natural sciences on all levels.
The new professor will be expected
to teach undergraduate level courses
(German or English) and graduate level
courses (English). There is the possi-
bility to lead his or her own research
group within the SAM.

Assistant professorships have been
established to promote the careers of
younger scientists. Initial appointment
is for four years, with the possibility
of renewal for an additional two-year
period.

Please submit your application togeth-
er with a curriculum vitae and a list of
publications to the President of ETH
Zurich, Prof. Dr. Ralph Eichler, ETH
Zurich, Raemistrasse 101, 8092 Zurich,
Switzerland (or via e-mail as one single
PDF to faculty-recruiting@sl.ethz.ch),
no later than February 15, 2011. With a
view towards increasing the number
of female professors, ETH Zurich spe-
cifically encourages qualified female
candidates to apply.
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doceamus . . . let us teach

What Do the NAEP Math
Tests Really Measure?

The National Assessment of Educational Progress
(NAEP)—often called the nation’s report card—
includes math tests administered to representative
populations of fourth- and eighth-grade students
in each state.! Widely cited by education research-
ers, the scores are used to track the progress (or
lack thereof) of U.S. mathematics education, and
they have appreciable influence on national educa-
tion policies. Until recently, the past two decades
have seen fourth- and eighth-grade NAEP math
scores increase, albeit slowly. The National Council
of Teachers of Mathematics claimed credit for the
trend, pointing to its standards documents and
policies,? but scores were flat from 2007 to 2009.
That prompted U.S. Education Secretary Arne Dun-
can to call for reforms to “accelerate achievement”.
David Driscoll, chair of the National Assessment
Governing Board of NAEP, argued that the lack of
improvement demonstrated the need for better
training of elementary school math teachers [1].
But what do the math NAEP tests actually measure?

Most problems from the NAEP exams are reused
and are therefore kept secret. However, some
items each year are retired and made available to
the public. The National Center for Educational
Statistics suggests that these released items can
be used to “supplement classroom instruction”
and “provide additional insight into the content of

David Klein is professor of mathematics at California
State University, Northridge. His email address is david.
kTein@csun.edu.

1 The occasionally administered twelfth-grade math test
is not discussed here, nor are the long-term trend tests.

2 See the NCTM webpages at{www.nctm.org/news/

[release.aspx?1d=766 and[www.nctm.org/news/|

[content.aspx?1d=12500

David Klein

the assessment” [2]. Two of the algebra problems
administered in 2009 are displayed in Figures 1
and 2.

8. Kiara set her beads on a table to make a repeating pattern
Some of the beads rolled off the table.

Here is what was left.
X000 > 000 > 00 OO0 =000

Which of the following should Kiara use to replace
the missing beads in the pattern?

A, TT&>T5000
B. OC>C>0
C. &=
D. &>

Figure 1. Grade 4 NAEP, 2009, Content Classification: Algebra.

Write the next two numbers in the number pattern.

1 6 4 9 7 12 10

Write the rule that you used to find the two numbers you wrote.

Figure 2. Grade 8 NAEP, 2009, Content Classification: Algebra.

The obvious lack of mathematical content in
these items is unfortunately not limited to them.
Algebra problems constitute 15% of the fourth-
grade test and 30% of the eighth-grade test [3]. In
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its 2008 report, the National Mathematics Panel
(NMP) found that, “At Grade 4, most of the NAEP
algebra items relate to patterns or sequences” [4]
(pg. 59). The Task Group on Assessment for the
NMP reported [5] (pp. 8-9) that

While the inclusion of patterns in text-
books or as state curriculum expec-
tations may reflect a view of what
constitutes algebra, patterns are not
emphasized in the curricula of high-
achieving countries.... The prominence
given to patterns at the preschool
through Grade 8 level is not supported
by comparative analysis of curricula or
by mathematical considerations.... the
Task Group strongly recommends that
“algebra” problems involving patterns
be greatly reduced in these tests.

Not explicitly pointed out in the NMP reports
is that the geometry problems are as devoid of
mathematical content as the algebra problems.
Examples are shown in Figures 3 and 4.
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1. Jan left her bicycle between Hilda’s house and Michael’s house.
What color is Jan’s bicycle?
A. Orange
B. Green
C. Red
D. Yellow

Did you use the calculator on this question?

O Yes O No

Figure 3. Grade 4 NAEP, 2007, Content Classification: Geometry.

Figure 4: Grade 8 NAEP, 2009, Content Classification: Geometry.
The problem says: “Identical puzzle pieces have been put
together to form the large square shown [to the left].

Which of the following [shapes to the right] could be the

shape of each puzzle piece?”
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Overall, the prerequisites for the released NAEP
math questions in all categories for fourth and
eighth grades are minimal. Some questions test
insignificant vocabulary only. Calculators are
permitted on a substantial portion of the tests.
The NMP Task Group on Assessment identified
as “one of its greatest concerns” that “fractions
(defined here as fractions, decimals, and related
percent) are underrepresented on NAEP.” Perhaps
most importantly, many of the questions appear
to be IQ items rather than math problems, in the
sense that their solutions rely on almost no edu-
cation or knowledge of mathematical techniques.
This is especially the case for those questions that
require students to complete a pattern or to fill
in geometric shapes with other geometric shapes,
like puzzles.

Indeed, NAEP scores have been used by psy-
chologists for the purpose of estimating IQ, state
by state [6]. That may be a more plausible use for
these tests than their stated purpose, to measure
mathematics achievement. In fact, a congres-
sionally mandated report, more recent than the
Task Group Assessment, concluded that “in-
tended uses of NAEP assessment scores were not
clearly defined.” The report called for additional
research into alignment between NAEP exams and
state assessments based on academic content
standards [7].

While it is true that some NAEP test questions
do include rudimentary mathematical content,
many others are as deficient as those displayed in
Figures 1-4. What then do marginal differences in
NAEP math scores between states really measure?
Do they measure relative effectiveness of states’
mathematics education programs, as is usually as-
sumed, or do they measure differences in average
IQ (whatever that might mean) of the residents? If
it is primarily the latter, one would expect NAEP
scores to show little if any increase even if school
math instruction improved significantly.

The NAEP exam is widely regarded as the yard-
stick of mathematics achievement at the fourth-
and eighth-grade levels in the United States. Diane
Ravitch described one of its uses as follows [8].

NAEP monitors trends; if the state says
its scores are rising but its scores on
NAEP are flat, then the state reports are
very likely inflated. In a choice between
the state’s self-reported scores and an
audit test, the public should trust the
audit test.

In the case of some states, the public should trust
neither. Regardless of flaws in state assessments,
to the extent that the NAEP is an IQ test, it is mea-
suring something different from what state tests
are designed to assess. Achievement is not the
same as ability.

VOLUME 58, NUMBER 1



Until such time as a reliable national mathemat-
ics achievement test comes into existence, the
plethora of education research articles that base
their findings on NAEP math scores should be
considered with reservations. More reliable, for the
time being, are state-administered K-12 mathemat-
ics assessments directly tied to the content of cred-
ible state standards, as in the case of California.
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Gregory Perelman’s proof of the Poincaré conjec-
ture in 2002 and 2003 ranks as the greatest scien-
tific achievement of the last decade. It is a great
mathematical and a great human story and has
been the subject of several books and will undoubt-
edly inspire others. The latest such book, Masha
Gessen’s Perfect Rigor, focuses largely on Perelman
and the media storm that surrounded him.

The story of a lone individual dropping out of
sight for nearly a decade and posting to the Inter-
net a solution to one of the best known mathemati-
cal problems of all time would predictably interest
the media. Stir in Perelman’s eccentricity, a widely
circulated New Yorker article alleging an unscrupu-
lous attempt to wrest priority from him, the Clay
Mathematical Institute’s million-dollar prize for
the solution, the rejection of a Fields Medal, and
Perelman’s refusal to talk to the press or to pub-
lish in a standard refereed journal, and you have
the makings of a category five media hurricane. A
journalist, Gessen brings exceptional credentials
to the job. Russian-born, she emigrated with her
family as a teenager to the United States and re-
turned to Moscow to live in the early 1990s. She

Donal O’Shea is Elizabeth T. Kennan Professor of Math-
ematics and Dean of Faculty/Vice President for Academic
Affairs at Mount Holyoke College. He is the author of The
Poincaré Conjecture: In Search of the Shape of the Uni-
verse (New York: Walker & Co., 2007). His email address
is doshea@ntholyoke.edu.
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writes in both Eng-
lish and Russian and
has made a name
for herself for her
courage and outspo-
: : kenness. Unhappily,
(s e Gessen was unable
Hotrler : to interview Perel-
-"Pel. e(‘t ngor man, as he refused
[ LG r BIBSBRENN  all contact with her.
- . She did, however,
manage to talk with
many in and out of
the Russian math-
ematical establish-
ment. The result is
an exceedingly lively book about the schooling and
society that gave rise to Perelman.

Before turning to Gessen’s book, let me remind
readers briefly of the mathematical story. In 1895
Poincaré wrote an extraordinary foundational
paper on topology that introduced the fundamen-
tal group, generalized the notions of homology and
Betti numbers to all dimensions, and focused on
differentiable manifolds as objects of particular
study. Although this paper and the five “comple-
ments” to it that appeared between 1899 and
1904 compose a small percentage of Poincaré’s
total work (measured by number or page length),
they established algebraic, differential, and com-
binatorial topology as fields in their own right. So
deeply embedded are the results of these papers
into mathematical consciousness that we no longer
have any awareness of the extent to which they
have shaped our thinking. In fact, these papers
firmly established the utility of topological con-
cepts in analysis and geometry and thereby set the
course of much of twentieth-century mathematics.
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They also gave us the first famous mathematics
problem that belonged wholly to the twentieth cen-
tury. In the second complement, which appeared
in 1900, Poincaré announced that a compact
n-dimensional manifold without boundary with the
same Betti numbers as the n-dimensional sphere
was necessarily homeomorphic to it. Four years
later, he discovered, and in the fifth complement
described, a marvelous counterexample: a three-
dimensional manifold with the same homology
groups as a three-sphere, but with finite fundamental
group. In the very last paragraph of the fifth and
final complement, however, Poincaré restates his
announcement of 1900, asking what has become
known as “the Poincaré conjecture”. Namely,
he asked whether a simply-connected, compact
three-dimensional manifold (without boundary) is
necessarily homeomorphic to a three-dimensional
sphere.

Higher-dimensional analogues of the Poincaré
conjecture were proved in dimensions greater
than four by Smale in 1960 and in dimension four
by Michael Freedman in 1982. Both men received
Fields Medals, and their work opened new areas
and touched off further advances. But the original
three-dimensional conjecture, arguably the most
natural question one could ask of compact three-
manifolds, resisted all attempts at resolution. Its
subtlety and hidden difficulty became famous
as false proofs and would-be counterexamples
accumulated over the century. In fact, until Bill
Thurston formulated and amassed significant
evidence in the late 1970s for his celebrated geom-
etrization conjecture, no one really had any idea
whether or not the Poincaré conjecture might be
true. Thurston’s conjecture implied the Poincaré
conjecture and provided a conjectural framework
indicating why it might be true. But a proof seemed
completely out of reach. After some initial prom-
ise, various differential geometric approaches
pioneered by Yau, Anderson, Hamilton, and oth-
ers seemed hopelessly stalled. Perelman changed
all that. With a mix of sheer power and dazzling
geometric insight, he understood and exploited
the geometry of Hamilton’s Ricci flow, allowing
him to prove the full geometrization conjecture.
The unselfish labor of mathematicians all over the
world in verifying and explaining Perelman’s work
shows the mathematics at its best.

Gessen set herself the tasks of trying to find out
what it was about Perelman’s mind that enabled
him to settle the Poincaré and geometrization con-
jectures and, having done so, why he reportedly
decided to abandon mathematics. She begins by
sketching how mathematics assumed its unique
role in Soviet society, beginning with the strength
of the Moscow mathematical community in the
early twentieth century, the arrest of Dimitri Ego-
rov, the denunciation of Nikolai Luzin, and the
conjectural, somewhat casual, decision of Joseph
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Stalin to head off a show trial and to partially re-
habilitate Luzin. The exceedingly effective lesson
underscored the dependence of the mathemati-
cal community on the goodwill of the state and
severed relations between the mathematical com-
munity in Russia and the rest of the world. It did,
however, leave the community’s scientific strength
intact, and the usefulness of mathematicians in
developing the former Soviet Union’s nuclear
and space programs resulted in substantial state
investment in mathematics and the privileging of
mathematicians. Gessen recounts the charmed
life of Kolmogorov, born of wealth and fabulously
talented, whose influence stemmed not just from
his own extraordinary mathematical prowess but
also his wide interests, his ideals of a classical
liberal education, and his interest in education.
Kolmogorov set up a system of schools for gifted
children that had a wide influence.

Gessen has a sharp eye for irony and points out
that the existence of a strong mathematical school
in Stalinist and Soviet Russia is nearly miraculous,
since the values of the mathematical community
are antithetical to either. She details the unspoken
but ubiquitous anti-Semitism of the Soviet mathe-
matical establishment and the rigid quotas on Jews
admitted to elite postsecondary educational insti-
tutions (two per year to Mathmech, none-to-one in
Steklov). This resulted in a strong mathematical
culture outside the establishment, peopled by very
talented individuals working for the sheer love of
mathematics, but occupying positions unequal to
their ability and accomplishment. She describes
how a system of after-hour mathematics clubs in
which schoolchildren would be coached in solving
mathematics problems fed the two mathematics
cultures, one establishment and privileged, the
other not. As in other places in the book, she is able
to draw on her own experience, contrasting the
teaching she received in elementary school, where
her teacher made her pretend to read as poorly
as the other kids, with the math club in which the
coach elicited from her how she might proceed to
solve a particular problem and then exhorted her
to do it. “Apparently, this was a place where I was
expected to think for myself,” she writes. “A wave
of embarrassment covered me; I hunched over my
piece of paper, sketched out a solution in a couple
of minutes. And felt a wave of relief so total that I
think I became a math junkie on the spot.”

She found, and interviewed extensively, Sergei
Rukshin, the idiosyncratic self-made coach who
ran the mathematics club that Perelman joined and
who was a decisive influence on the younger Perel-
man. She describes the closeness between coach
and student and Rukshin’s coup in getting the
ablest members of his club admitted as a bloc to the
storied Leningrad school 239. She interviewed high
school mathematics teacher Valery Ryzhik, who
inherited the bloc and who recognized Perelman’s
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genius. She describes the careful machinations
by which Rukshin arranged to have Perelman, a
Jew, become a member of the team representing
the Soviet Union at the International Mathematics
Olympiad in Budapest in 1982.

Gessen diligently tracks down nearly anyone
known to have had any contact with Perelman. The
closest that Gessen gets to Perelman, however, is
through Rukshin, and this is to the adolescent. Ry-
zhik is clear that he never managed to form a close
bond with Perelman. She interviews Perelman’s
undergraduate geometry teacher and thesis ad-
viser, Zalgaller, now in Israel, who says that he
had nothing to teach Perelman but who saw his
contribution as directing unsolved problems to
Perelman and seeing that Perelman’s solutions
were published. The precise role that Alexander
Danilovich Alexandrov, the former president of
Leningrad University who had returned to the
classroom, played in Perelman’s intellectual de-
velopment is even less clear, although there can
be no doubt that he must have exerted a decisive
influence. Paradoxically, the nearer in time Gessen
gets to the adult Perelman, the further he seems
to recede. Perelman’s Russian postgraduate col-
laborators, Burago and Gromov, and those he met
in the United States tell Gessen little.

Writing about someone who refuses to be in-
terviewed may, as Gessen allows, be easier than
writing about a cooperating subject, but it also
imposes an obligation to exercise caution, as it is
harder to check facts and hypotheses. It is difficult
to escape the disquieting impression that Gessen’s
narrative strays a little too far in places from the
actual evidence at hand. In the book’s penultimate
chapter, entitled “The Madness”, Gessen writes,
“The more Perelman talked about his disappoint-
ment with the mathematical establishment, and
the more his acquaintances decorated his stories
with demonizing details, the more Perelman’s
sense of betrayal deepened. His world, which had
begun narrowing in his first university year and
then broadened slightly both times he had trav-
eled to the United States, was now headed for its
final disastrous narrowing.” How, if she hasn’t
talked with Perelman, can she talk about a sense
of betrayal? In what ways was Perelman’s world
narrowing in university? He clearly was undergo-
ing tremendous mathematical growth. Likewise,
the notion that Perelman was disastrously disap-
pointed with Hamilton seems to be extrapolated
solely from a quote from the New Yorker article.
Gessen is far too good a journalist to misquote a
primary source, but no fair-minded reader can fail
to note the distressing number of places in which
she impugns her sources’ testimony. She breath-
lessly recounts, for example, secondhand reports
of the alleged screaming match Perelman had with
the accountant at Steklov. However, the accoun-
tant, whom Gessen interviewed, denied that there
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was yelling. Gessen’s dismissal of the eyewitness
account (“though over her years at the Steklov,
she [the accountant] may have grown accustomed
to extreme and unexpected expressions of human
emotion”) seems a stretch, at best.

Gessen argues that the people who surrounded
Perelman sheltered him from ordinary reality, al-
lowing him to mistakenly believe that the world is
as he thinks it should be. This elaborate narrative is
totally conjectural—Gessen has no evidence about
what Perelman believes. Undaunted, she goes on
to diagnose Perelman with a full-blown case of As-
perger’s syndrome. I simply don’t know enough to
evaluate these claims and am entirely unconvinced.
Everyone agrees that Perelman lives simply, so why
not make the simpler assumption that he wants
privacy and does not want to be encumbered with
fame or money? Perelman’s recent refusal of the
million-dollar Clay Millennium award suggests this,
particularly since the Clay Institute made it clear
that Perelman would not have to participate in any
public ceremony.

Even putting aside the evidentiary questions, I
found the second half of the book offensive. I felt
uncomfortable reading about a living individual
who wishes to remain out of public sight. Publicly
diagnosing someone with a serious psychological
disorder without consultation seems ethically
questionable, not to mention presumptuous.
Doing any sort of mathematics requires precision,
careful attention to meaning, and concentration.
Gessen’s account of British psychiatrist Simon
Baron-Cohen’s autism-spectrum quotient test,
and the purported strong correlation between
high-functioning autism and mathematical ability
in a test population, runs dangerously close to
medicalizing precisely these traits. Gessen’s pre-
sumption does not end with psychiatric expertise.
She opines freely on Perelman’s work, character-
izing it as solving the “very, very complicated
olympiad problem” into which she has Hamilton
casting Thurston’s geometrization conjecture. She
cavalierly ranks top mathematicians in descending
order from those who open new fields by posing
questions no one has thought to ask (such as
Poincaré and Thurston) to those who devise ways
to answer those questions (such as Hamilton) to
the bottom of the top, those poor souls (such as
Perelman) who take the last steps in completing
proofs. Mathematicians will easily discern the
depth of Gessen’s mathematical ignorance, but
others will not, and it is depressing to see Perel-
man’s inspiring achievement and powerful new
ideas reduced to psychobabble: “Speaking of the
imaginary four-dimensional space, he referred to
things that could and could not occur ‘in nature’.
In essence, he [Perelman] was able to do in math-
ematics what he had tried to do in life: grasp at
once all the possibilities of nature and annihilate
everything that fell outside that realm—castrati
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voices, cars, anti-Semitism, and any other uncom-
fortable singularity.”

The incoherence and ugliness of such assess-
ments contrast with the clarity and grace of the
laudations read at the recent conference in Paris
cosponsored by the Clay Mathematics Institute
and the Institut Henri Poincaré celebrating Perel-
man’s proof. Bill Thurston, for example, closes his
by remarking that “in our modern society most
of us reflexively and relentlessly pursue wealth,
consumer goods, and admiration. We have learned
from Perelman’s mathematics. Perhaps we should

also pause to reflect on ourselves and learn from
Perelman’s attitude toward life.” (See http://
www.claymath.org/poincare/laudations.
htm1.) One cannot expect Gessen to understand the
mathematics, but one wishes for some sense of her
own limitations, some caution, some generosity,
and some openness to difference. Her cheeky self-
confidence and willingness to trample on what she
does not understand, so typical of popular culture,
wears thin. Perelman and his work deserve better.
So, too, do the discipline and the profession.

Book Review

Numbers Rule: The Vexing
Mathematics of Democracy,
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Reviewed by Jonathan K. Hodge
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Democracy, from Plato to the Present
George G. Szpiro

Princeton University Press, 2010

US$26.95, 248 pages
ISBN-13:978-0691139944

In recent years, the mathematical social sciences—
particularly voting and social choice theory—have
become a hot topic in both academia and popular
culture. Liberal arts mathematics courses now
often include sections on fair division and voting
theory, and a number of recent textbooks and
monographs devote themselves entirely to these
topics.

Szpiro’s book focuses on one such topic, namely,
how mathematics—and mathematicians—have im-
pacted both the theory and practice of democracy.
It is an excellent addition to a growing body of
literature that aims to convey ideas from the math-
ematical sciences to general audiences. Moreover,
Szpiro’s book is unique among other offerings in

Jonathan K. Hodge is associate professor of mathematics
at Grand Valley State University. His email address is
hodgejo@gvsu.edu.
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the mathematical so-
cial sciences in that
it focuses on the his-
torical development
of the field. The nar-
rative is engaging,
witty, and easy to
read.

As the book’s
title would suggest,
the story begins in
Athens, in the fifth
century BC. Szpiro
describes how the
Athenian govern-
ment was set up so
that “everybody who had any sort of interest in
running the city could either participate in the As-
sembly as he pleased, or was selected by lot, as in
the Council, the Court, or the civil service” (p. 7).
Plato was highly critical of this form of unrestricted
democracy. In fact, it was a majority decision (280
of 501 jurors) by a randomly selected jury that
had condemned his beloved teacher, Socrates,
to death. Plato concluded, as Szpiro puts it, that
“regular folks were not fit to rule and to dispense

NUMBERS

George G. Szpiro
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justice” (p. 2). He came to despise democracy and
was “chastised as the worst anti-democrat by his
detractors” (p. 1).

Plato’s counterproposal, as conveyed by the
Athenian stranger in the unfinished manuscript,
Laws, involved multistage elections, significant
privilege to the wealthy and well educated (who, to
Plato, were one and the same), and other sugges-
tions that, in Szpiro’s words, “seem pulled out of a
hat like a magician’s rabbit” (p. 17). Plato’s earlier
work, The Republic, largely ignored elections and
votes, which were viewed as superfluous because,
as Szpiro summarizes, “the qualities necessary
to become philosopher-king...do not often grow
together” and “individuals who possess all these
qualities are so rare that the state will hardly ever
find more than one who fits the job description”
(p. 20). In Laws, however, Plato dives in head first,
setting the stage for centuries of future debate
about the merits and implementation of democ-
racy.

What we see in the story of Plato, Socrates, and
Athenian democracy is a fundamental tension
between competing social values. How is the ideal
of full and equal participation in government to
be balanced against the fact that majorities can,
and sometimes do, endorse erroneous or unjust
propositions? How does one ensure that govern-
ment officials are qualified for the tasks under
their charge when they are selected based solely on
popular opinion? These are difficult questions, and
in many ways they set the tone for the remainder of
the book, which Szpiro accurately describes in the
preface as “an elucidation and a historical account
of the problems and dangers that are inherent in
the most cherished instruments of democracies”
(p. x).

As the account unfolds, the reader is given the
opportunity to turn back the clock and embark
on a journey that spans thousands of years and
includes both well-known figures and their lesser-
known counterparts. For instance, anyone who has
studied voting theory is undoubtedly familiar with
the work of eighteenth-century French contempo-
raries Borda and Condorcet. But readers might be
surprised to learn that both the Borda count and
Condorcet’s method of pairwise comparisons were
proposed centuries earlier, the former by a German
cardinal named Nikolaus von Cusanus and the
latter by a Catalan monk named Ramon Llull. In
fact, Szpiro notes that “until quite recently most
researchers believed that interest in the theory
of voting and elections had started toward the
end of the eighteenth century, at the time of the
French Revolution. But toward the middle of the
twentieth century, medievalists were surprised to
discover manuscripts in the Vatican library and
elsewhere that showed that sophisticated ideas
had already been around half a millennium earlier”
(p. 33). Szpiro has clearly done his research with
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this book, and the result is a strikingly thorough
and engaging read.

One of the things I like most about the book
is that it reveals mathematics to be a decidedly
human endeavor, fraught with controversy and
able to both expose and help solve real problems.
Both the characters and the plot of the story defy
the one-dimensional stereotypes that students
sometimes associate with mathematicians and
the study of mathematics. The historical figures
surveyed include economists, lawyers, theologians,
military officers, philosophers, artists, politicians,
scientists, and yes, mathematicians. The personal
and professional lives of each are explicated in
detail both within the text and in biographical ap-
pendices at the end of each chapter. The effect is
to add meaning to the intellectual contributions
explored and to place them in the broader context
of human experience.

Part of that experience includes spirited debate
and a fair dose of name calling. Recall our friends
Borda and Condorcet. As it turns out, they weren’t
friends at all. In fact, Condorcet was a fairly vocal
critic of Borda. As Szpiro notes, “Condorcet did
not think highly of Borda. In fact he did not even
consider him a very capable mathematician...
Condorcet wrote that Borda likes to talk a lot and
wastes his time tinkering with childish experi-
ments” (p. 89).

But the rift between Borda and Condorcet was
nothing compared to that between Edward V. Hun-
tington, a professor of mathematics at Harvard,
and Walter F. Willcox, a professor of social sci-
ence and statistics at Cornell. Their rivalry, which
spanned decades in the early 1900s, involved
polarizing rhetoric, highly publicized personal at-
tacks, and more than a hint of deception. The sub-
stance of Huntington and Willcox’s debate was the
problem of apportionment—that is, how to allocate
the appropriate number of seats to each state in
the U.S. House of Representatives. Once again, the
difference of opinion between the two professors
was ultimately one of competing values. Willcox
was a proponent of Webster’s method of major
fractions, which shows no bias to either large or
small states, whereas Huntington supported Hill’s
method of equal proportions, which minimizes the
relative differences in representation between the
states. (Incidentally, Huntington could be viewed
as the winner in this battle, as the method of equal
proportions was adopted in 1941 and is, to this
day, the method used to apportion the U.S. House.
On the other hand, Michel Balinski and Peyton
Young would later provide some vindication for
Willcox, stating: “It seems amazing therefore that
Hill’s method could have been chosen in 1941...
and that Webster’s method was discarded. A pecu-
liar combination of professional rivalry, scientific
error, and political accident seems to have decided
the issue” (pp. 195-196).)
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The stories of Borda and Condorcet and of
Willcox and Huntington serve to illustrate another
valuable takeaway from Szpiro’s book—namely, it
dispels the myth that mathematics is a value-free
endeavor, a matter of black and white, of finding
the one right answer. If there is anything to be
learned from the mathematical study of voting and
elections, it is that sometimes there are no univer-
sally correct answers. Paradoxes abound, and the
correct procedure often depends on the values and
beliefs of those using it. Arrow proved this for vot-
ing systems, and Balinski and Young did the same
for apportionment methods. These examples and
many others support Bradley and Schaefer’s [1]
assertion that as the mathematization of the social
sciences continues, “norms, values, and purpose
need to become part of the common discourse
of researchers.” Szpiro notes that even the great
mathematician Pierre-Simon de Laplace “did not
find it beneath himself to bend the rigorous rules
of mathematics somewhat when needed” (p. 97).

In summary, Szpiro’s book fills a unique role
in an increasingly popular field. Being written for
general audiences, it suffers from some oversim-
plifications (such as stating that “misrepresenting
one’s preferences brings no advantage” (p. 212)
in approval voting; in fact, approval voting is not
completely immune to strategic voting, although it
is less vulnerable than other nonranked systems)
and minor imprecisions in language (for instance,
the occasional conflation of the words plurality
and majority). My only other substantive complaint
is that the book feels like it ends too soon. The
final chapter mentions single transferrable vote
and approval voting, but only briefly. In addition,
although works by some of today’s leading math-
ematical voting theorists, such as Donald Saari and
Alan Taylor, are included in the bibliography, they
are not discussed at all within the text. Of course,
every author must make choices about what to
include and what to omit. Szpiro, in general, has
chosen well. The result is a readable, engaging, and
intellectually stimulating book that accomplishes
its goal of “[introducing] readers to the subject
matter in an entertaining way” (p. x).

Reference

[1] W. J. BRADLEY and K. C. SCHAEFER, The Uses and
Misuses of Data and Models: The Mathematization of the
Human Sciences, Sage Publications, 1998.
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Best Current Practices for
Journals

At its meeting August 16-17, 2010, in Bangalore, India, just prior to the 2010 International Congress
of Mathematicians, the General Assembly of the International Mathematical Union (IMU) endorsed the
following document prepared by the IMU Committee on Electronic Information and Communication.
The committee members are John Ball (chair), Olga Caprotti, James Davenport, Michael Doob, Carol
Hutchins, Peter Olver, and Ulf Rehmann. The document is available electronically on the IMU website
atlhttp://www.mathunion.org/fileadmin/CEIC/bestpractice/bpfinal.pdfi

In 2004 the CEIC produced a document listing
various recommendations relating to the changing
environment of peer-reviewed journals and digital
distribution of research in its various stages. Now,
in 2010, we wish to return to that document and
offer more details on how journals can best serve
the mathematical community. Specifically, this
document focuses on how a good mathematics
journal should be organized and managed.
Journals remain one of the most important tools

of mathematical research and communication. A

good journal adds value to the manuscripts sub-

mitted to it by providing:

Quality control: The peer-review process evaluates
and aims, as much as possible, to certify the
correctness, importance, novelty, and clarity
of a paper.

Improvement in content and presentation: Journal
referees, editors, and publishers improve the
quality of published manuscripts and provide
feedback to their authors.

Dissemination: Journals help to categorize the
literature and help authors, readers, librarians,
historians, and others to find relevant works.

Archiving: Journals ensure that papers remain ac-
cessible. They help establish priority and certify
the historical record. In addition, they provide
tags such as volume numbers and document
identifiers that can be cited and linked to.

On the other hand, a poorly run journal has a
detrimental effect on the mathematical literature.
The proliferation of poorly run mathematical
journals is becoming an increasing burden to the
community. Some of these have been created for
dubious reasons, such as the hoped-for prestige
of the editors or institutions involved, or with no
clear purpose beyond financial incentives. Even
journals created with the best of intentions may
fail to provide the services above because of inad-
equate planning or stewardship.
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In this document, we draw together some best
practices for journal management based on the ex-
perience of existing journals. Certain fundamental
principles apply to all. Primary among these are
transparency and integrity.

By transparency we mean that all the journal’s
stakeholders—readers, authors, referees, edi-
tors, publishers, etc.—are fully aware of the
decision processes that affect them.

Integrity of the publication process is paramount.
It includes maintaining an objective review
process focused on scientific quality, proper
acknowledgment of sources, and a respect for
confidentiality where required.

Professionalism is also important. This includes
timely handling of manuscripts at each stage
of the process and continuity of management,
scope, and vision as they evolve.

This document is necessarily based on currently
available technology, and, while some practices are
universal, others must be reformulated to adapt
to new and unanticipated technological develop-
ments. The best practices and recommendations
presented in the document will be periodically
revisited and updated as circumstances require.

Rights and Responsibilities

There are many ways to organize the decision-
making processes of a journal. However the editors
and publishers decide to implement the details,
there are certain basic rights and responsibilities of
the authors, referees, editors, and publishers that
should be respected in all circumstances.
Authors

Authors who submit a manuscript to a journal
have the right to a careful, timely, and unbiased
peer review overseen by the journal editors, who
often seek the advice of referees. The level of
detail of the review can vary greatly, but, follow-
ing the principle of transparency, authors have a
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right to know in advance the processes by which
their manuscripts will be handled and a right to
be informed of the grounds for the acceptance or
rejection of their manuscript, including normally
being given access to any referee reports that
have been sought. However, manuscripts that are
deemed not to adhere to the journal’s standards
or scope can be quickly returned to the authors
with a brief editorial justification.

Authors must abide by high standards of re-
search integrity and good scholarship. It is the
responsibility of authors to submit a well-written,
mathematically correct article—if necessary seek-
ing advice if it is not written in their native lan-
guage—to clearly describe any novel and nontrivial
content, and to suitably acknowledge the contribu-
tions of others, including referees. Submission of
a paper to a journal implies that it is not currently
under consideration by any other journal and that
any substantial overlap with other published or
submitted papers is duly acknowledged. In addi-
tion authors should be responsive to correspon-
dence with the journal. Multiple authors should
communicate fully, speak with one voice, and
accept mutual responsibility in their communica-
tions with the journal. All authors are expected
to have materially contributed to the paper and
to be familiar with its contents. The ordering of
authors’ names is at the discretion of the journal
and/or authors, although the standard practice
in most mathematical papers is to list authors
alphabetically.

Referees

Researchers who benefit from the literature and
contribute to it as authors also have an obligation
to participate in the peer-review process, in partic-
ular by serving as referees in their areas of exper-
tise. When doing so, they have a right to anonymity,
unless this is clearly waived by the referee or by the
stated policies of the journal. While no one has an
obligation to referee any particular paper, the deci-
sion to do so or not should be communicated in a
timely fashion. Potential referees should disclose
any circumstances that might compromise their
ability to provide an unbiased review.

Once a referee has agreed to serve, that referee
should adhere to the agreed-upon schedule (typi-
cally including revisions) and inform the editor
of unanticipated delays. Referees must act with
integrity. They should familiarize themselves with
the expectations of the journal and the review
process and do their best to implement them in an
unbiased fashion. They should respect confiden-
tiality, neither disclosing the fact that the paper
has been submitted nor that they are refereeing
it, nor disclosing any nonpublic content to others,
nor using for their own purposes results that are
not publicly available. Referees wishing to seek
the opinions of colleagues on the submitted article
should seek permission from the journal editors.
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Referees are expected to base their written assess-
ment on publicly available works.

We have noticed a trend, perhaps reinforced
by manuscript tracking software, for referees to
communicate additional opinions to editors that
are not meant for transmission to authors. This
concerns us, since the principle of transparency
implies that authors should be fully informed of
the grounds for the decision on their work. Such
confidential comments do not relieve the referee
of the obligation to make an honest assessment of
the qualities of the paper in the report that will be
transmitted to the author. We believe that in best
practice such comments should be used exception-
ally, rather than as a general procedure.

The obligations of a referee are, first, as expert
advisor to the editors of the journal; second,
through the editors, to the mathematical public,
the obligation being the maintenance of standards
in the mathematical literature; and, third, to the
authors. Although the opinion of referees on the
correctness of a paper is normally sought, ultimate
responsibility for correctness lies with the au-
thors. Refereeing is also an opportunity to provide
positive guidance to the author. Although a referee
does not have an obligation to do this, it can be an
extremely valuable contribution, particularly in the
case of authors in the early stages of their careers.

Editors and Editorial Boards
The editors and editorial boards bear the primary
scientific responsibility for guiding a journal.
Transparency requires that the journal have a
clearly formulated statement of its vision and
scope and a detailed description of its submission,
peer-review, and publication processes, including
the responsibilities of editors and referees. These
should be publicly disseminated, and, in particular,
all editors should both be aware of and in agree-
ment with them. In many cases, the editorial board
will take the primary role in formulating, monitor-
ing, and updating these statements. The editorial
board should also be familiar with and take an
active interest in the publisher’s pricing policies.
A primary responsibility of the editors is to
implement the peer-review process, ensuring its
integrity and fairness. This is carried out by

-a wise choice of referee or referees,
with sufficient expertise but avoiding
conflicts of interest;

- communicating with authors, referees,
managing editors, and publishers
in a timely manner;

- ensuring that the process moves for-
ward by following up on referees and
appointing new ones when necessary;
- arriving at decisions on objective
grounds, which are communicated to
authors, as discussed above.
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Editors should ensure that papers are reviewed
on purely scientific grounds and that authors are
not pressured to cite specific journals, papers, or
books for nonscientific reasons. There should be
clear and transparent procedures for handling
submissions by editors that guarantee that the
standards of the journal are maintained.

Some journals use a quick reject procedure in
which editors may determine that a paper is un-
suitable for the journal without sending it outside
for review. In this case, the editor must ensure that
his or her own decisions are made fairly and ob-
jectively. The decision whether to accept or reject
a manuscript is a complex judgment, depending
on the submitted manuscript, the extant literature,
and the goals and standards of the journal. Differ-
ent referees and editors may well come to different
conclusions. Referees sometimes make mistakes,
and it is important that appeals against rejection
of an article are fairly handled.

As noted above, authors have the right to be
informed of the grounds for the acceptance or
rejection of their manuscripts, including normally
being given access to all referee reports. There may
be exceptional circumstances in which an editor
canreasonably decide to exclude part of a report—
for example, if it contains libelous or insulting
remarks or certain kinds of sensitive information.
Nonetheless, it is important that such editorial
discretion is not used to suppress inconvenient
comments, such as a recommendation to accept
the paper when the editor’s decision is to reject it.

Editors should be alert to unethical practices
such as simultaneous submissions to different
journals, plagiarism, and self-plagiarism; be pre-
pared to impose appropriate sanctions (such as
refusing to consider further submissions from an
offending author for a certain period); and coop-
erate with publishers in adopting procedures to
eradicate such practices.

Publishers
For most journals, the editorial board does not
itself oversee the production and business pro-
cesses. These are usually carried out by a com-
mercial publisher, a professional organization,
university, or other institution. The support pub-
lishers receive from authors, editors, and referees
in the mathematical community carries with it
responsibilities. Most important is a commitment
to the mathematical literature and its dissemina-
tion. Publishers must also adhere to the principles
of integrity, transparency, and timeliness. Detailed
information concerning the journal, including edi-
torial board members, journal vision and scope,
submission and publication procedures, fees, page
charges, subscription pricing, etc., must be made
publicly available to all concerned parties.
Publishers should ensure that papers are widely
accessible, affordable in all parts of the world,
and permanently archived in a form that can be
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readily located, referenced, and (possibly after
paying a reasonable fee) accessed. Sales arrange-
ments should be flexible, allowing, for instance,
the purchase of individual journals and articles.
Alternative modes of financing the publication
process, such as through author fees, submission
fees, page charges, or combinations of these, create
significant ethical challenges. First, the opportu-
nity to publish in a peer-reviewed venue should
be available to all, subject to scientific merit, not
the ability to pay via research grants, institutional
support, or other means. Therefore, there should
be methods to opt out of payment when needed.
Second, payment in direct return for publication
creates a potential conflict of interest with the
peer-review process. For this reason, any such jour-
nal requires clear, well-defined, effective processes
to insulate peer review and editorial decision mak-
ing from monetary considerations.

Accepted papers should be typeset, copyedited
(if appropriate), and published online and/or in
print in a timely manner. Publishers should estab-
lish and clearly communicate to potential authors
their policies concerning copyright and authors’
web posting. Publishers should track and publish
the date of submission; final revised submission, if
applicable; and date of publication (electronic and/
or print) of published papers. Publishers should re-
spond to and investigate allegations of plagiarism
or other unethical behavior connected with their
journals, publish a clear and specific retraction in
confirmed cases, and protect the rights of authors
by seeking appropriate redress for plagiarism and
unauthorized use of their work.

Recommendations

In this section, we append some more general
recommendations for successful journal steward-
ship that are based on observed best practices
among existing journals. These are presented to
help editors and publishers launch successful new
journals, as well as strengthen and improve exist-
ing journals. Not all are currently followed by even
some of our most successful journals, and we are
not presuming to second-guess the stewardship
of well-run journals.

The vision and processes of a journal are very
important to its success, and we encourage jour-
nals to involve their editorial boards in address-
ing these issues. Communicating this vision to all
involved with production of the journal will, in the
long run, save a great deal of time and effort, avoid
problems and misunderstanding, and contribute
greatly to the success of the journal.

The maintenance of a careful, professional
system for handling manuscripts throughout sub-
mission, refereeing, revision, acceptance or rejec-
tion, and publication requires careful thought and
effort. A clear procedure for handling mistakes,
errata, retractions, counterexamples, and updates
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should be established. We have observed a wor-
rying increase in instances of plagiarism, and we
encourage journals to consider instituting proce-
dures for detecting, publicizing, and appropriately
dealing with plagiarism in submitted articles. Such
procedures rely on editorial judgment but may well
be supported by automated systems, commercial
or otherwise, and we encourage the development
of such systems appropriate for use by journals.

The publisher and editorial board should de-
termine the expected standards of exposition,
including the languages of publication. In the
case in which the author is unable to meet these
standards, they should decide how much, if any,
editorial support or copyediting the journal will
supply. There is clear value to well-written and
typeset papers, and editorial efforts by a journal
are a significant contribution to the quality of the
mathematical literature.

We believe that all the editors should be actively
involved in the editorial processes of the journal,
or, when this is not the case, that a designation
such as “honorary editor” should be used. In any
case, editors should be informed of and agree to
their responsibilities, the scope of the journal,
and the processes used to evaluate submissions.
Even the agreement to serve as an honorary edi-
tor is a public statement of support for the goals
and running of the journal and should be entered
into thoughtfully. It is advisable to establish a
clear term length for editors and procedures for
renewal. Information about the history of a journal,
such as the makeup of the editorial boards over
time, is an important part of the historical record,
and publishers should endeavor to archive such
information in a readily accessible form.

It is an editor’s responsibility to know the pric-
ing policies of the publisher and to take an active
interest in them as regards the journal’s goals
and the dissemination of scientific knowledge as
widely as possible. Some of the very best math-
ematical journals operate without assessing page
charges and with liberal policies for posting of
articles in web repositories and on authors’ home
pages, while maintaining reasonable subscription
fees and flexible bundling arrangements. This is
a standard to be striven toward. All such policies
must be clearly spelled out by the publisher. See
also previous CEIC recommendations on open
access to the mathematical literature:
|www.mathunion.or§/ce1c/Pub11cations/|
[Recommendations/6_call.shtml|

While some predict the imminent demise of
journals, we hesitate to join that view. We recog-
nize that there are many forces affecting how jour-
nals will be run in the future and that innovations
in publishing will lead to researchers interacting
with content in new ways. We hope with this docu-
ment to support such evolution. If journals are run
well, they will continue to play an important role in
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furthering mathematical research and communica-
tion for many years to come.

This document was prepared by the Interna-
tional Mathematical Union Committee on Electronic
Information and Communication (CEIC), which
gratefully acknowledges the valuable contributions
to its contents and writing by Douglas Arnold. CEIC
also expresses its thanks to a number of persons
whose comments on an earlier draft led to substan-
tial improvements.
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JAcoB PALIS of the Instituto de
Matematica Pura e Aplicada (IMPA), Rio
de Janeiro, Brazil, has been awarded
the International Balzan Prize for his
“fundamental contributions to the
mathematical theory of dynamical sys-
tems”. The Balzan Prizes are awarded
to scholars, artists, and scientists who
have distinguished themselves in their
fields on an international level. The
cash prize is 750,000 Swiss francs (approximately
US$740,000). Palis will receive the prize from the
president of the Italian Republic during a ceremony
to be held in Rome on November 19, 2010.

Jacob Palis

The Work of Jacob Palis

The Balzan Foundation provided the following
information about the work of Jacob Palis.

The theory of dynamical systems was originated
by the great mathematician H. Poincaré as a quali-
tative study of differential equations. For more
than forty years Jacob Palis has made outstanding
contributions to this area of mathematics. Soon
after finishing his Ph.D. Palis became one of the
most important contributors to a program that
aimed at describing almost all dynamical systems.

In the 1970s, following in the wake of Smale,
Palis was one of the major figures in developing
the theory of hyperbolic dynamics and structural
stability. At the beginning of the 1980s he initiated,
with Newhouse and Takens, what has become one
of the most active fields in dynamics: the interplay
between homoclinic and heteroclinic bifurcations
and chaos. One of his most important contribu-
tions was to reveal, in this context, the fundamen-
tal role played by fractal dimensions in connection
with the frequency of dynamical bifurcations.

Beyond these remarkable achievements, Jacob
Palis recently proposed a comprehensive set of
conjectures that together form an ambitious
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Palis Awarded Balzan Prize

program to understand the typical behavior of
dynamical systems and, in particular, chaotic
systems. This program is currently generating im-
mense scientific activity. Recently, in conjunction
with Jean-Christophe Yoccoz, Palis has been study-
ing the formation of “nonuniformly hyperbolic
horseshoes” in the unfolding of homoclinic and
heteroclinic tangencies.

Not only has Jacob Palis made lasting and in-
fluential contributions to mathematics, but also
his record as an advisor is impressive, having
significantly influenced at least two generations
of mathematicians. Thus he is recognized as the
father of the Latin American school of mathemat-
ics in dynamical systems and one of the most
important scientific personalities on the continent.

Biographical Sketch

Jacob Palis was born in Uberaba, Minas Gerais, Bra-
zil, on March 15, 1940, and is a Brazilian citizen.
He was educated at the Federal University of Rio
de Janeiro and at the University of California at
Berkeley, where he earned his M.Sc. in 1966 and his
Ph.D.in 1967.In 1973 he held a Guggenheim Foun-
dation postdoctoral fellowship at the University of
California at Berkeley. He has been full professor
at the Instituto de Matematica Pura e Aplicada
(IMPA), Rio de Janeiro, Brazil, since 1971. He is
currently president of the Academy of Sciences for
the Developing World (TWAS) and president of the
Brazilian Academy of Sciences.

Other prizes he has received include the Prize of
the Academy of Sciences for the Developing World
(TWAS) (1988), the National Prize for Science and
Technology of Brazil (1990), the InterAmerican
Prize for Science of the Organization of the Ameri-
can States (1995), and the Trieste Science Prize in
Mathematics (2006).

He is a member of many professional societies,
including the Brazilian Academy of Sciences,
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the Indian Academy of Sciences, the Indian Na-
tional Science Academy, the Chilean Academy of
Sciences, the European Academy of Sciences, the
Norwegian Academy of Sciences, and the Russian
Academy of Sciences. He is a foreign member of
the U.S. National Academy of Sciences, the Mexi-
can Academy of Sciences, the French Academy of
Sciences, the German Academy of Sciences Leop-
oldina, and the Accademia Nazionale dei Lincei.
In 1994 he was awarded the Brazilian Grand-Croix
National Order of Scientific Merit, and in 2005 he
received the French Légion d’Honneur. He holds
honorary degrees from the State University of Rio
de Janeiro, Brazil; the University of Chile; the Uni-
versity of Warwick, United Kingdom; the University
of Santiago de Chile; the Universidad de la Habana,
Cuba; and the Universidad de Ingenieria, Peru.

His editorial activities include numerous sci-
entific journals: Ergodic Theory and Dynamical
Systems, Nonlinearity, the Bulletin of the Brazil-
ian Mathematical Society, Annales de I'Institut
Henri Poincaré, Acta Applicandae Mathematicae,
Chaos—Nonlinear Science, the Chinese Annals of
Mathematics, Communications in Contemporary
Mathematics, Mathematics Applied in Science and
Technology, and the Moscow Mathematical Journal.
He has also authored more than eighty papers in
major journals.

His research areas in mathematics are global
stability of dynamical systems, bifurcations and
fractal dimensions, and the global scenario for
chaotic systems.

About the Prize

The International Eugenio Balzan Prize Foundation
was established in 1956 by Lina Balzan, who had
come into a considerable inheritance on the death
of her father, Eugenio, and began the foundation
to honor his memory. The aim of the International
Balzan Prize Foundation is to promote culture, the
sciences, and the most meritorious initiatives in
the cause of humanity, peace, and brotherhood
among peoples throughout the world. Currently,
four annual awards are made: two in literature,
moral sciences, and the arts; and two in the
physical, mathematical, and natural sciences and
medicine. The award fields vary each year and can
be related to either a specific or an interdisciplin-
ary field; they look to go beyond the traditional
subjects, both in the humanities (literature, moral
sciences, and the arts) and in the sciences (medi-
cine and the physical, mathematical, and natural
sciences). They give priority to innovative research.
Half of the amount received by the winner of each
of the four prizes must be destined for research
work, preferably involving young scholars and
researchers.

— From Balzan Foundation announcements
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on the first part of the book may be found at
|www.math.uga.edu/~shifrin/Spivak_ physics.pdf|.
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Papers on
Topology

Henri Poincaré

Translated by John Stillwell
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and Its Five
Supplements |

The AMS and John Stillwell
have made an important
contribution to the mathematics
literature in this translation of
Poincaré. For many of us, these
great papers on the foundations of topology are given greater
clarity in English. Moveover, reading Poincaré heve illustrates
the ultimate in research by successive approximations (akin

to my own way of mathematical thinking).

—Stephen Smale

Co-published with the London Mathematical Society beginning with Volume 4.
Members of the LMS may order directly from the AMS at the AMS member price.
The LMS is registered with the Charity Commissioners.

History of Mathematics,Volume 37;2010; approximately 24| pages; Softcover;
ISBN: 978-0-8218-5234-7; List US$59; AMS members US$47.20; Order code HMATH/37

For many more publications of interest,
visit the AMS Bookstore

[www.ams.org/bookstore| .:
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Mathematics People

Zhang Awarded 2010 SASTRA
Ramanujan Prize

WEI ZHANG of Harvard University has been awarded the
2010 SASTRA Ramanujan Prize. This annual prize is
awarded for outstanding contributions to areas influenced
by the Indian genius Srinivasa Ramanujan. The age limit
for the prize has been set at thirty-two because Ramanujan
achieved so much in his brief life of thirty-two years. The
prize carries a cash award of US$10,000.

The 2010 SASTRA Ramanujan Prize citation reads as
follows: “Wei Zhang has made far-reaching contributions
by himself and in collaboration with others to a broad
range of areas in mathematics, including number theory,
automorphic forms, L-functions, trace formulas, repre-
sentation theory, and algebraic geometry.” We highlight
some of his path-breaking contributions: In 1997, Steve
Kudla constructed a family of cycles on Shimura varieties
and conjectured that their generating functions are actu-
ally Siegel modular forms. The proof of this conjecture
for Kudla cycles of codimension 1 is a major theorem of
the Fields Medalist Borcherds. In his Ph.D. thesis, written
under the direction of Shou-Wu Zhang at Columbia Uni-
versity, New York, Wei Zhang established conditionally,
among other things, a generalization of the results of
Borcherds to higher dimensions, and in that process es-
sentially settled the Kudla conjecture. His thesis, written
when he was just a second-year graduate student, also
extended earlier fundamental work of Hirzebruch-Zagier
and of Gross-Kohnen-Zagier. The thesis opened up major
lines of research and led to significant collaboration with
Xinyi Yuan and his Ph.D. advisor Shou-Wu Zhang. In the
first of a series of joint papers (published in Compositio
Mathin 2009), the results of Wei Zhang’s important thesis
are generalized to totally real fields. In a paper on heights
of CM points in Shimura varieties, Wei Zhang, along with
Shou-Wu Zhang and Xinyi Yuan, establish an arithmetic
analogue of a theorem of Waldspurger that connects inte-
gral periods to special values of L-functions. This paper,
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which goes well beyond all earlier work on formulas of
Gross-Zagier type, will appear in the book series Annals
of Mathematical Studies.

“Yet another outstanding contribution of Wei Zhang is
conveyed in his two recent preprints—one on relative trace
formulas and the Gross-Prasad conjecture and another on
arithmetic fundamental lemmas. In these works he has
made decisive progress on certain general conjectures
related to the arithmetic intersection of Shimura varie-
ties; in that process he has successfully transposed major
techniques due to Jacquet and Rallis into an arithmetic
intersection theory setting. With these two preprints and
his seminal earlier work, Wei Zhang has emerged as a
worldwide leader in his field.”

Wei Zhang was born on July 18, 1981, in the People’s
Republic of China and received his bachelor’s degree
from Beijing University in 2004. He received his Ph.D.
from Columbia University in 2009 under the supervi-
sion of Shou-Wu Zhang. He joined Harvard University as
a postdoctoral fellow in 2009-2010. He currently holds
the Benjamin Peirce Lectureship at Harvard. His research
interests are number theory, automorphic forms, and
algebraic geometry.

The 2010 SASTRA Ramanujan Prize Committee consisted
of Krishnaswami Alladi (chair), Dorian Goldfeld, Christian
Krattenthaler, Ken Ono, Wolfgang Schmidt, Jeffrey Vaaler,
and Akshay Venkatesh. Previous recipients of the SASTRA
Ramanujan Prize are Manjul Bhargava and Kannan Sounda-
rarajan (2005), Terence Tao (2006), Ben Green (2007),
Akshay Venkatesh (2008), and Kathrin Bringmann (2009).

—From a SASTRA Ramanujan Prize announcement

ICIAM Prizes Awarded

The International Council for Industrial and Applied
Mathematics (ICIAM) will award several prizes at its 2011
meeting in Vancouver, British Columbia.
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EMMANUEL J. CANDES of Stanford University has been
awarded the Collatz Prize for his “exemplary work in
numerical solution of wave propagation problems and
compressive sensing, in addition to anisotropic exten-
sions of wavelets.” The Collatz Prize recognizes individual
scientists under age forty-two worldwide for outstanding
research work in industrial and applied mathematics. It
carries a cash award of US$1,000.

ALEXANDRE J. CHORIN of the University of California,
Berkeley, and the Lawrence Berkeley National Laboratory
was awarded the Lagrange Prize for his “fundamental
and original contributions to applied mathematics, fluid
mechanics, statistical mechanics, and turbulence model-
ing.” The Lagrange Prize recognizes mathematicians for
career-long contributions to applied mathematics and
carries a cash award of US$3,000.

VLADIMIR ROKHLIN of Yale University received the
Maxwell Prize “for his research in the area of fast multi-
pole methods. His research has revolutionized the field
of numerical electromagnetism for radar and molecular
dynamics for chemistry, among others.” The Maxwell Prize
is awarded for demonstrated originality in applied math-
ematics and carries a cash award of US$1,000.

JAMES A. SETHIAN of the University of California,
Berkeley, and the Lawrence Berkeley National Laboratory
received the Pioneer Prize “for his research on areas such
as medical imaging and geophysics, which have been fu-
eled by fundamental methods and algorithms” that he
pioneered. The Pioneer Prize was established for pioneer-
ing work introducing applied mathematical methods and
scientific computing techniques to an industrial problem
area or a new scientific field of applications. It carries a
cash award of US$1,000.

EDWARD LUNGU of the University of Botswana was
awarded the Su Buchin Prize “for the development of math-
ematical models for problems related to Africa and for his
work in developing teaching, research, and organizational
structures for applied mathematics in Southern Africa.”
The Su Buchin Prize provides international recognition of
outstanding contributions in applied mathematics made
by individuals to emerging economies and in human devel-
opment, particularly at the economic and cultural levels in
developing countries. It carries a cash award of US$1,000.

—From an ICIAM announcement

Young Awarded CMS Doctoral
Prize

BENJAMIN YOUNG has been awarded the 2010 Doctoral
Prize of the Canadian Mathematical Society (CMS). In his
thesis work, Young proved several outstanding conjec-
tures concerning “box counting”. He was able to count
the number of ways in which colored boxes can be piled
in a corner with various predetermined color schemes.
The answers came in the form of generating functions in
several variables. Young received his Ph.D. in mathematics
from the University of British Columbia and is currently
participating in the program of Random Matrix Theory,
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Interacting Particle Systems and Integrable Systems at the
Mathematical Sciences Research Institute (MSRI) in Berke-
ley, California. He will subsequently attend KTH Royal
Institute of Technology in Stockholm for a Wallenberg
Postdoctoral Fellowship. The CMS Doctoral Prize recog-
nizes outstanding performance by a doctoral student.

—From a CMS announcement

Australian Mathematical
Society Prizes

The Australian Mathematical Society has awarded its two
major annual prizes. KATE SMITH-MILES of Monash Uni-
versity was awarded the Australian Mathematical Society
Medal, and PETER HALL of the University of Melbourne
was honored with the George Szekeres Medal. The prize
certificate for Smith-Miles reads: “Kate Smith-Miles is
internationally known for interdisciplinary applications
of mathematics, characterized by their extraordinary
breadth, as well as an exceptional attention to rigour. She
is especially respected for her influential studies of neural
networks, chaotic systems, optimisation problems, and
machine learning.” The prize certificate for Hall reads:
“Peter Hall’s research has produced a wide variety of sig-
nificant and influential results in probability theory and
statistics. He has focused particularly on nonparametric
statistics, especially resampling methods, extreme value
techniques, fractal-based methodologies, and function
estimation. His development of a theoretical basis for the
bootstrap is arguably his most important contribution.
Earlier in his career he did important work in probability,
for example, on martingale methods, convergence rates,
and percolation. He has provided considerable leadership
to the profession through his work for professional societ-
ies, both in Australia and abroad, and as an editor. He has
also taken up vigorously the cause of improving the lot of
the mathematical sciences in Australia.”

—From an Australian Mathematical
Society announcement

Royal Society of Canada
Elections

The Royal Society of Canada has elected three new fellows
and one foreign fellow who work in the mathematical
sciences. The new fellows are RICHARD CLEVE, University
of Waterloo; IAN GOULDEN, University of Waterloo; and
DAVID THOMSON, Queen’s University. DAVID COx of Ox-
ford University was elected a foreign fellow.

—From a Royal Society announcement
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Proposal Due Dates at the DMS

The Division of Mathematical Sciences (DMS) of the Na-
tional Science Foundation (NSF) has a number of programs
in support of mathematical sciences research and educa-
tion. Listed below are some of the programs and their
proposal due dates for the year 2011. Please refer to the
program announcement or contact the program director
for more information.

December 15, 2010 (full proposal): Computational
Mathematics

January 2, 2011 (letter of intent): Industry/University
Cooperative Research Centers Program (I/UCRC)

January 10, 2011 (full proposal): Algorithms for Threat
Detection (ATD)

January 13, 2011 (full proposal): Mathematical Biology

January 27, 2011 (full proposal): Scientific Computing
Research Environments for the Mathematical Sciences
(SCREMS)

February 4, 2011 (full proposal): Mathematical Sci-
ences Research Institutes

February 10, 2011 (full proposal): Interdisciplinary
Training for Undergraduates in Biological and Mathemati-
cal Sciences (UBM)

March 6, 2011 (full proposal): University/Industry
Cooperative Research Centers Program (I/UCRC)

June 3, 2011 (full proposal): Research Experiences for
Undergraduates (REU)

June 15, 2011 (full proposal): Workforce Program in
the Mathematical Sciences

June 26, 2011 (letter of intent): Industry/University
Cooperative Research Centers Program (I/UCRC)

August 24, 2011 (full proposal): Research Experiences
for Undergraduates (REU)

September 13, 2011 (full proposal): International Re-
search Fellowship Program

September 26, 2011 (full proposal): Industry/Univer-
sity Cooperative Research Centers Program (I/UCRC)

October 3, 2011 (letter of intent): ADVANCE: Increasing
the Participation and Advancement of Women in Academic
Science and Engineering Careers

October 3, 2011 (full proposal): Joint DMS/NIGMS
Initiative to Support Research at the Interface of the Bio-
logical and Mathematical Sciences (DMS/NIGMS)

October 4, 2011 (full proposal): Algebra and Number
Theory; Analysis; Combinatorics; Foundations
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For further information see the website
[nsf.gov/funding/pgm_list.jsp?org=DMS&ord=datel
The mailing address is Division of Mathematical Sciences,
National Science Foundation, Room 1025, 4201 Wilson
Boulevard, Arlington, VA 22230. The telephone number
is 703-292-5111.

—From the DMS website

NSF Algorithms for Threat
Detection

The Division of Mathematical Sciences (DMS) at the Na-
tional Science Foundation (NSF) has formed a partnership
with the Defense Threat Reduction Agency (DTRA) to de-
velop the next generation of mathematical and statistical
algorithms for the detection of chemical and biological
threats. Proposals are solicited from the mathematical
sciences community in two main areas: mathematical
and statistical techniques for genomics and mathemati-
cal and statistical techniques for the analysis of data
from sensor systems. The deadline for full proposals
is January 10, 2011. For more details, see http://

fwww.nsf.gov/pubs/2010/nst10540/nst10540.htm]

—From an NSF announcement

National Academies Research
Associateship Programs

The Policy and Global Affairs Division of the National
Academies is sponsoring the 2011 Postdoctoral and Se-
nior Research Associateship Programs. The programs are
meant to provide opportunities for Ph.D., Sc.D., or M.D.
scientists and engineers of unusual promise and ability to
perform research at more than 100 research laboratories
throughout the United States and overseas.

Full-time associateships will be awarded for research
in the fields of mathematics, chemistry, earth and at-
mospheric sciences, engineering, applied sciences, life
sciences, space sciences, and physics. Most of the labo-
ratories are open to both U.S. and non-U.S. nationals and
to both recent doctoral recipients and senior investiga-
tors. Amounts of stipends depend on the sponsoring
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laboratory. Support is also provided for allowable reloca-
tion expenses and for limited professional travel during
the period of the award.

Awards will be made four times during the year, in
February, May, August, and November. The deadline for
application materials to be postmarked or for electronic
submissions for the February 2011 review is February 1,
2011. Materials for the May review are due May 1, 2011,
for the August review, August 1, 2011; and for the Novem-
ber review, November 1, 2011. Note that not all sponsors
participate in all four reviews. Applicants should refer to
the specific information for the laboratory to which they
are applying.

For further information and application materials,
see the National Academies website at
nationalacademies.org/PGA/RAP/PGA_050491|or con-
tact 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.

—From an NRC announcement

AMS-AAAS Mass Media
Summer Fellowship

The American Mathematical Society provides support
each year for a graduate student in the mathematical
sciences to participate in the American Association for
the Advancement of Science (AAAS) Mass Media Science
and Engineering Fellows Program. In past years, the AMS-
sponsored fellows have held positions at Scientific Ameri-
can, Business Week, Voice of America, Discovery Channel
Online, National Geographic Television, Popular Science,
The Chicago Tribune, Milwaukee Journal Sentinel, Time
magazine, and WOSU-AM Radio.

Fellows receive a weekly stipend of US$450 plus travel
expenses to work for ten weeks during the summer as
reporters, researchers, and production assistants in media
organizations. They observe and participate in the process
by which events and ideas become news, improve their
ability to communicate about complex technical subjects
in a manner understandable to the public, and increase
their understanding of editorial decision making and of
how information is effectively disseminated. Each fellow
attends an orientation and evaluation session in Washing-
ton, DC, and begins the internship in mid-June. Fellows
submit interim and final reports to AAAS. A wrap-up ses-
sion is held at the end of the summer.

Mathematical sciences faculty are urged to make their
graduate students aware of this program. The deadline
to apply for fellowships for the summer of 2011 is Janu-
ary 15, 2011. Further information about the fellowship
program and application procedures is available on-
line at [http://www.aaas.org/programs/education/|
MassMedi g or applicants may contact Stacey Pasco, Man-
ager, Mass Media Program, AAAS Mass Media Science and
Engineering Fellows Program, 1200 New York Avenue,
NW, Washington, DC 20005; telephone 202-326-6441; fax
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202-371-9849; email spasco@aaas.org. Further informa-
tion is also available at|http://www.ams.org/policy/|
lgovernment/fellow-awards/fellow-awards| and
through the AMS Washington Office, 1527 Eighteenth
Street, NW, Washington, DC 20036; telephone 202-588-
1100; fax 202-588-1853; email amsdc@ams.org.

—AMS Washington Office

CAIMS/PIMS Early Career
Award

The Canadian Applied and Industrial Mathematics Society
(CAIMS) and the Pacific Institute for Mathematical Sciences
(PIMS) sponsor the Early Career Award in Applied Math-
ematics to recognize exceptional research in any branch of
applied mathematics, interpreted broadly. The nominee’s
research should have been conducted primarily in Canada
or in affiliation with a Canadian university. The prize is to
be awarded every year to a researcher less than ten years
past the date of Ph.D. at the time of nomination.

The award consists of a cash prize of C$1,000 and a
commemorative plaque presented at the CAIMS Annual
Meeting. The recipient will be invited to deliver a plenary
lecture at the CAIMS Annual Meeting in the year of the
award. A travel allowance will be provided. The deadline
for nominations is January 31, 2011. For more informa-
tion see [http://www.pims.math.ca/pims-glance/|

prizes-awards.

—From a PIMS announcement

AMS von Neumann
Symposium

The AMS is sponsoring the von Neumann Symposium:
Multimodel and Multialgorithm Coupling for Multiscale
Problems to be held in Snowbird, Utah, July 4-7, 2011.
Plenary talks will be given by Aleksandar Donev, Courant
Institute, New York University; Weinan E, Princeton Univer-
sity; Nicolas Hadjiconstantinou, Massachusetts Institute of
Technology; George Karniadakis, Brown University; Rupert
Klein, Freie Universitat, Berlin; Petros Koumoutsakos, ETH
Zurich; Tinsley Oden, University of Texas at Austin; and
George Oster, University of California, Berkeley. There will
also be a series of shorter presentations. The organizers
are John B. Bell (chair), Alejandro L. Garcia, and Francis
J. Alexander.

Participation in this program is limited. Visit www.math-
programs.org to apply for an invitation and to request lim-
ited support funds. All requests will be reviewed and consid-
ered by the organizing committee. The application deadline

is February 1, 2011. For more information, see www. ams
Erg/meeti ngs/amsconf/symposia/symposi a—201I|.

—AMS announcement
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PIMS IGTC Fellowship for
2011-2012

The PIMS International Graduate Training Centre in
Mathematical Biology invites applicants for the IGTC fel-
lowship for the 2011-2012 academic year. Fellowships
are worth up to C$10,000 a year and are for students
working in mathematical biology at the Pacific Institute
for Mathematical Sciences (PIMS) universities (Alberta,
British Columbia, Calgary, Regina, Saskatchewan, Simon
Fraser, and Victoria).

If you have excellent students, either potential students
applying now or current students, please encourage them

to apply.

There are also opportunities for students to enroll in
the program. All students can benefit from IGTC graduate
training elements, including annual research summits,
summer courses, new term-time courses, seminars, gradu-
ate student exchanges, and international visitors.

Full details of the IGTC Program and application pro-
cess can be found at:http: //www.pims.math.ca/scien

1tic/graduate-training-igtc/mathematical-b1-

[oTogyl If you have further questions, please contact the IGTC

coordinator, Maryna Yaskina (igtcmathbio@math.ual-
berta.ca) or Program Director Mark Lewis (mTewis@math.
ualberta.ca).

Application deadline is February 8, 2011.

—PIMS announcement

Inside the AMS

Trjitzinsky Memorial Awards
Presented

The AMS has made awards to seven undergraduate stu-
dents through the Waldemar J. Trjitzinsky Memorial Fund.
The fund is made possible by a bequest from the estate
of Waldemar J., Barbara G., and Juliette Trjitzinsky. The
will of Barbara Trjitzinsky stipulates that the income from
the bequest should be used to establish a fund in honor
of the memory of her husband to assist needy students
in mathematics.

For the 2010 awards, the AMS chose seven geographi-
cally distributed schools to receive one-time awards of
US$3,000 each. The mathematics departments at those
schools then chose students to receive the funds to assist
them in pursuit of careers in mathematics. The schools
are selected in a random drawing from the pool of AMS
institutional members.

Waldemar J. Trjitzinsky was born in Russiain 1901 and
received his doctorate from the University of California,
Berkeley, in 1926. He taught at a number of institutions
before taking a position at the University of Illinois,
Urbana-Champaign, where he remained for the rest of
his professional life. He showed particular concern for
students of mathematics and in some cases made personal
efforts to ensure that financial considerations would not
hinder their studies. Trjitzinsky was the author of about
sixty mathematics papers, primarily on quasi-analytic
functions and partial differential equations. A member of
the AMS for forty-six years, he died in 1973.

Following are the names of the selected schools for
2010, the names of the students receiving Trjitzinsky
awards, and brief biographical sketches of the students.
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California State University, Bakersfield: VIANEY CARO-
LINA LEOS BARAJAS. Barajas was born in Mexico and came
to the United States when she was one year old. After
graduating from high school, she studied for two years
in Madrid, Spain. She is president of the math club at
California State and is minoring in computer science. She
is currently pursuing research in nonparametric regres-
sion. She is a tutor in the Math Tutoring Center and is a
Louis Stokes Alliance for Minority Participation scholar.
She also works for the Migrant Education Program in the
Bakersfield City School District. She intends to pursue
graduate studies in applied statistics.

University of Cincinnati: LANGSTON W. JOINER. Joiner
is pursuing an undergraduate degree in mathematics and
performed excellently in his first year at the University
of Cincinnati. He plans to pursue a career in actuarial
science. He is a volunteer and advocate for people with
developmental disabilities in the Cincinnati community
and is active in his church, in which he serves as a mentor
to the youth group.

Emory University: MICHELLE CHU. Chu is a senior
with a GPA of 3.94 who is actively engaged in mathemati-
cal research. During the summer of 2010 she conducted
research in physical knot theory at the Williams College
SMALL Research Experience for Undergraduates (REU);
she is currently writing a paper based on her project. She
is an active member of the Gamma Phi Beta sorority and
currently serves as president of the Reformed University
Fellowship at Emory.

Kansas State University: PERLA SALAZAR. Salazar is a
first-generation college student who was born in Mexico.
She graduated with honors from Dodge City Community
College after receiving a presidential scholarship for her
studies and then transferred to Kansas State. With help
from the Bridges Program of the National Institutes of
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Health and from the Developing Scholars Program at
Kansas State, she has performed undergraduate research
and is currently a McNair Scholar, which will allow her to
continue research during the summer. She plans to attend
graduate school in mathematics.

University of Oklahoma: DANA C. HAYMON. Haymon
is a mathematics major with a minor in history and is a
member of the National Society of Scholars. She has a GPA
of 3.93 and is a hard and dedicated worker. She is also an
experienced musician. She hopes to work in the defense
industry and to encourage other young women through
her example to enter the field of mathematics

Rochester Institute of Technology: JAMES S. WRATTEN JR.
Wratten is a senior majoring in applied mathematics and
has a 4.0 GPA. In the spring of 2010 he studied in Hungary
under the auspices of the Budapest Seminars in Math-
ematics program. He has served as a teaching assistant
and tutor at Rochester, and he attended the Gene Drive
Systems REU program at Texas A&M University during
the summer after his freshman year. During the past two
summers he has worked and tutored mathematics at two
orphanage schools in India. He plans to study for a Ph.D.
in mathematics.

York College: BEBI Z. G. RAJENDRA. Rajendra was born
in Guyana, the oldest of nine children. She began teach-
ing directly out of high school in order to help support
her family. She is now a mother of three studying for a
bachelor’s degree in mathematics. While still living in Guy-
ana, she completed the Edexcel GCE A-Level mathematics
program, which solidified her desire and determination to
seek higher education. She intends to pursue a teaching
career in mathematics.

—Elaine Kehoe

AMS Hosts Congressional
Briefing

On October 12, 2010, the AMS hosted a briefing on Capi-
tol Hill titled “The Gulf Oil Spill: How Can We Protect Our
Beaches in the Future?” Andrea Bertozzi, professor of
mathematics at UCLA, delivered the address to Congres-

Andrea Bertozzi, UCLA, speaks to Congressional
representatives at the AMS Congressional briefing in
Washington, DC.
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sional representatives. She discussed how scientific mod-
eling and basic research in mathematics is helping in the
understanding of the impact of this major environmental
problem. Her research examines the dynamics of oil-sand-
water mixtures in an effort to provide more efficient
cleanup and protection methods for oil spills such as the
one that occurred in the Gulf of Mexico this year.

—AMS announcement

Erdos Memorial Lecture

The Erdos Memorial Lecture is an annual invited address
named for the prolific mathematician Paul Erdés (1913-
1996). The lectures are supported by a fund created by
Andrew Beal, a Dallas banker and mathematics enthusiast.
The Beal Prize Fund, now US$100,000, is being held by the
AMS until it is awarded for a correct solution to the Beal
Conjecture (see www.math.unt.edu/~mauldin/beal.]|
@]) At Beal’s request, the interest from the fund is used
to support the Erdés Memorial Lecture.

The Erdés Memorial Lecturer for 2010 was Doron
Zeilberger of Rutgers University, who delivered a lecture
titled “3x +1” at the Spring Southeastern Section Meet-
ing at the University of Kentucky in Lexington, Kentucky,
on March 27, 2010.

—AMS announcement

From the AMS Public
Awareness Office

The AMS hosted a hands-on exhibit, George Hart’s
“Sculpture Barn Raising”, at the USA Science and Engi-
neering Festival (USASEF), held in Washington, DC, Octo-
ber 23-24. Visitors of all ages stopped by to help build

- the modular equilateral
triangles. The completed
sculpture allows one to
see a variety of patterns
of tunnels from various
directions. After the fes-
tival the sculpture was
delivered to Towson
University to be put on
permanent display. Hart
describes the sculpture

pMSboothatthe USA ~ in detail at[REEp: 7/ ]
IS:a_ence and Engineering m’
alr.

and this work and others

by Hart may be sent as
e-postcards from Mathematical Imagery at
|ams . org/mathimagery. The USASEF included hundreds of
exhibitors—the MAA, SIAM, other scientific societies, com-
panies, government agencies, and laboratories—and drew
thousands of visitors. Read more about USASEF at[http: //]
[www.usasciencefestival.org/|

—Annette Emerson and Mike Breen,
AMS Public Awareness Officers
paoffice@ams.org
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My Summer at The Oregonian

Each year the AMS sponsors a fellow to participate in the
Mass Media Fellowship program of the American Associa-
tion for the Advancement of Science (AAAS). This program
places science and mathematics graduate students in sum-
mer internships at media outlets. In the piece below, the
2010 Fellow, Benjamin Pittman-Polletta of the University
of Arizona, Tuscon, describes his experiences during his
fellowship at The Oregonian. For information about ap-
plying for the fellowship, see the “Mathematics Opportuni-
ties” section in this issue of the Notices or visit the website
|lhttp://www.ams.org/programs/ams-fellowships. The
application deadline is January 15, 2011.

When I got the news that the AAAS wanted to ship me
to Portland, Oregon, to write for The Oregonian, a world-
class paper covering the Pacific Northwest, I was more
than a little hesitant. Preparing writing samples for my
application over a grueling and sleepless weekend was a
vivid reminder of just how difficult writing can be. At the
end of a six-year quest for a Ph.D., I wanted a break and
time to look for a job. I was wary of traveling out of my
comfort zone and across the country for a ten-week crash
course in a new profession.

But part of me thought that a dose of contact with
the world outside mathematics would be a balm for my
dissertation-weary soul. As a liaison between journalism
and science, I looked forward to learning not only about
the culture of journalism but also what it feels like to be on
the outside of science peering in. And while I knew there
would be hard work, I hoped that the reward of making
an immediate impact on other people would be worth it.

Because The Oregonian is primarily a local paper, only
one of my stories was about an article appearing in a peer-
reviewed journal. This was a blessing, because I learned
that there are many ways to get science into the news even
without a study or a researcher in sight.

For example, my most mathematical article was about
the weather. It started with me wondering, “What is the
hottest day of the year?” and ended with an article about
Oregon weather. Published on August 8, historically the
hottest day of the year in Portland, it contains some basic
probability and statistics even if it only alludes to the dif-
ferential equation that answers my question.!

And while I was lucky enough to cover an evolutionary
biology conference, Evolution 2010, I did not interview any
conference participants about their research. Instead, I
wrote a blog post about the kickoff talk and then published
a number of short interviews with participants about the
hottest trends in evolutionary biology.

Writing for a local paper also gave me the time and
space to write a number of articles about big, complex
issues. My first story, inspired by a research paper

Un fact, the “easy” answer to the question is August 4. A simpli-
fied equation for the temperature T of a body being heated by a
source of sinusoidally oscillating intensity is dT/dt=T(t)-sin(t). The
solution to this equation is T(t)=cos(2t), which has a peak 1/8 of a
cycle behind the peak heat intensity. Thus, three in the afternoon
should be the hottest time of day, and August 4 should be the hot-
test day of the year.
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upgrading estimates of American food waste to 40 per-
cent of our food supply, touched on the obesity epidemic,
agricultural policy, and American eating and consump-
tion habits, in addition to food waste and food rescue in
Portland.

Putting together all the pieces of this story was a chal-
lenge. One of the hurdles I had to jump was my own reluc-
tance to draw a conclusion or state an opinion—evidence,
I think, of my mathematical training: there is a taboo in
mathematical culture against interpreting results too
broadly. I was tempted at many points to say, “It’s com-
plicated!”—to throw up my hands, lay out the evidence,
and let readers draw their own conclusions.

But complications have a hard time holding readers’ at-
tention. The responsibility of the journalist is to pick out
the best-quality, most relevant information and deliver it
to the reader in the most streamlined package possible.
And this has to happen after researching a topic for as
short a time as a week or a day!

This is in sharp contrast to the painstaking, time-
consuming way scientists build expertise and draw con-
clusions. Many scientists I interviewed seemed genuinely
afraid of talking about subjects “outside (their) area of
expertise.” As a researcher, I understand the importance
of consulting the main expert—and not just anyone in
your field—on a topic. But as a journalist representing
laypeople, I found this academic turf minding to be alien-
ating and confusing. There I was talking to evolutionary
biologists at Evolution 2010 about evolutionary biology,
and they were telling me that they weren’t the experts!

One of the ways journalists make up for the short
amount of time they have to develop each article is to
start with a strong idea of where the article is going before
they ever start reporting or writing. Decisions about the
arc of a story and the larger themes that will run through
it happen before the first phone call or trip is made. This
is a technique that can also be fruitfully applied in math-
ematical research, provided you are flexible about how
your “story” ends up.

Another piece of advice I have used in both journalism
and research is the advice I was given about interviewing:
play dumb. Even if you know what your source is talking
about, don’t show it. You will be sure to get the facts right,
and your source may even explain things in a way your
readers can understand. Then you can quote her and make
her sound good, something she will appreciate far more
than being impressed by your knowledge of her field. It
makes perfect sense, but it is another way that journalists
and scientists differ. I spent far too much time in graduate
school playing smart and feeling dumb rather than the
other way around.

Not surprisingly, the different pressures scientists and
journalists feel can result in miscommunications and
frustrations when they interact. Hoping to write an article
about one of the talks at Evolution 2010, I attempted
to interview a woman who spoke about predicting flu
virus evolution. When I asked her a question after her
presentation, she told me impatiently that I would have
to take her freshman biology class if I was going to un-
derstand the answer. Before she stormed out, she shared
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the opinion that journalists want easy answers even when
there are none and are not above distorting the truth to
get them.

In my experience, journalists are very careful about
getting right the details that are important to them. Fact
checking takes on a new urgency when the facts are about
a real person and destined for the morning paper. And
journalists, like mathematicians, are expert at leaving just
enough detail out of a statement to make it correct. For
the most part, their sources and even their readers are
appreciative of their efforts.

This was really my favorite part of the summer: the
tangible sense I got that I was making a real difference in
peoples’ lives, whether by sharing their stories and their
passions, by shedding light on new problems, or even
occasionally by making a point or driving home a mes-
sage. My article on food waste was basically about the
dysfunctional food production and distribution system,
and it started an online conversation about food purchas-
ing and storage habits. My interviews from Evolution 2010
highlighted the fact that evolution has become a predictive
science, providing overwhelming evidence of the theory’s
explanatory power. And one of my stories was not about
math or science at all. Instead, it was about the product
stewardship movement, which attempts to hold manufac-
turers responsible for helping to dispose of their products
at the end of those products’ useful life.

We live in a time when accurate and rational voices are
sorely needed. One of the best reasons for mathematicians
and scientists to reach out to the larger community is to
bring whatever expertise we have in whatever capacity
possible to bear on the problems facing our community
and our country.

If the job market for mathematicians is bad, that for
journalists is worse. The newspaper industry is in peril
and, consequently, in flux. The Oregonian recently nixed
its science section, and the number of dedicated science
journalists at the paper and at large is dwindling. If this
trend continues, the responsibility for putting science
and math in the media will fall increasingly on the shoul-
ders of mathematicians and scientists. This will require
us to become less afraid of being wrong or appearing
stupid—less afraid of leaving our comfort zone—and
more afraid of the unchecked spread of misinformation,
because there are always people willing to discard the
facts or pretend to expertise if it serves their interests.

—Benjamin Pittman-Polletta

Deaths of AMS Members

EMIL R. BRANDLI, of Zurich, Switzerland, died on Janu-
ary 30, 2010. Born on October 24, 1916, he was a member
of the Society for 39 years.

A. JOHN COLEMAN, of Ontario, Canada, died on Septem-
ber 30, 2010. Born on May 20, 1918, he was a member of
the Society for 68 years.

HERBERT B. ENDERTON, professor at the University of
California Los Angeles, died on October 20, 2010. Born
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on April 15, 1936, he was a member of the Society for 49
years.

JOE W. JENKINS, from the National Science Foundation
in Arlington, VA, died on October 21, 2010. Born on Octo-
ber 17,1941, he was a member of the Society for 44 years.

NIGEL KALTON, of Columbia, Missouri, died on Au-
gust 31, 2010. Born on June 20, 1946, he was a member
of the Society for 32 years.

RICHARD MICHAEL KANE, University of Western Ontario,
died on October 1, 2010. Born on June 27, 1944, he was a
member of the Society for 19 years.

ROBERT J. LEVIT, of Oakland, California, died on
May 13, 2010. Born on August 17, 1916, he was a member
of the Society for 69 years.

WILLIAM S. MAHAVIER, professor emeritus, Emory Uni-
versity, died on October 8, 2010. Born on July 30, 1930,
he was a member of the Society for 55 years.

RICHARD J. MAHER, professor, Loyola University, died
on September 14, 2010. Born on July 13, 1943, he was a
member of the Society for 39 years.

J. E. MARSDEN, California Institute of Technology,
Pasadena, California, died on September 21, 2010. Born
on August 17, 1942, he was a member of the Society for
39 years.

G. C. MILOSLAVSKY, of Staten Island, New York, died on
July 1, 2010. Born on November 1, 1911, he was a member
of the Society for 62 years.

REINHARD M. OLIVIER, University of Bonn, Germany,
died on September 13, 2010. Born on October 3, 1933, he
was a member of the Society for 40 years.

JOHN RAUSEN, of New York, New York, died on Octo-
ber 31, 2010. Born on February 3, 1923, he was a member
of the Society for 61 years.

CONSTANCE REID, of San Francisco, California, died
on October 13, 2010. Born on January 3, 1918, she was a
member of the Society for 10 years.

JOEL E. SCHNEIDER, of New York, New York, died on Sep-
tember 12, 2004. Born on April 8, 1943, he was a member
of the Society for 38 years.

MICHAEL S. SKAFF, of Michigan, died on June 18, 2010.
Born on June 21, 1936, he was a member of the Society
for 50 years.

S. LEIF SVENSSON, of Sweden, died on February 13,
2010. Born on December 18, 1943, he was a member of
the Society for 17 years.

JOSEPH ]. TRIOLO, of Pennsylvania, died on January 20,
2010. Born on December 4, 1942, he was a member of the
Society for 16 years.

RONSON J. WARNE, of Birmingham, Alabama, died on
September 12, 2010. Born on June 14, 1930, he was a
member of the Society for 51 years.

DAVID A. WOODWARD, of Fair Oaks, California, died on
July 7, 2010. Born on November 23, 1932, he was a member
of the Society for 50 years.

DAVID M. YOUNG, of Texas, died on December 21, 2008.
Born on October 20, 1923, he was a member of the Society
for 59 years.
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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 feature articles, me-
morial articles, 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 managing editor is the person
to whom to send items for “Math-
ematics People”, “Mathematics Op-
portunities”, “For Your Information”,
“Reference and Book List”, and “Math-
ematics Calendar”. Requests for
permissions, as well as all other
inquiries, go to the managing editor.

The electronic-mail addresses are
notices@math.wustl.edu in the
case of the editor and notices@
ams.org in the case of the managing
editor. The fax numbers are 314-
935-6839 for the editor and 401-
331-3842 for the managing editor.
Postal addresses may be found in the
masthead.

Upcoming Deadlines

December 15, 2010: Applications for
Fields Institute Postdoctoral Fellow-
ships. See www.fields.utoronto.
ca/proposals/postdoc.html.

December 15, 2010: Abstracts for
contributed papers for ICIAM. See the
website http://www.iciam2011.
com/.

December 15, 2010: Applications
for PIMS Postdoctoral Fellowships.
See http://www.pims.math.ca/
scientific/postdoctoral.
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December 16, 2010: Applica-
tions for Mathematical Biosciences
Institute (MBI) Early Career Awards
and Postdoctoral Fellowships. See
http://mbi.osu.edu.

December 17, 2010: Applications
for Department of Defense (DoD) Na-
tional Defense Science and Engineer-
ing Graduate (NDSEG) Fellowships.
See http://ndseg.asee.org/.

January 10, 2011: Full proposals
for NSF Algorithms for Threat De-
tection program. See “Mathematics
Opportunities” in this issue.

January 10, 2011: Applications for
American Association of University
Women (AAUW) Selected Professions
Fellowships. See http://www.aauw.
org/fga/fellowships_grants/
selected.cfm or contact the AAUW
Educational Foundation, Selected
Professions Fellowships, Dept. 60,

301 ACT Drive, Iowa City, IA 52243-
4030; telephone: 319/337-1716, ext.
60; email: aauw@act.org.

January 15, 2011: Applications
for Jefferson Fellows (JSF) pro-
gram. See http://sites.nation-
alacademies.org/PGA/Jefferson/
PGA_046612,, email jsf@nas.edu, or
telephone 202-334-2643.

January 15, 2011: Applications
for AMS-AAAS Mass Media Summer
Fellowships. See “Mathematics Op-
portunities” in this issue.

January 21, 2011: Applications for
Math for America Foundation (MfA)
Fellowship Program. See http://
www.mathforamerica.org/.

January 27, 2011: Proposals for
NSF Computing Equipment and In-
strumentation Programs(SCREMS).See
http://www.nsf.gov/pubs/2007/
nstf07502/nsf07502.htm.
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p. 854

2010, p. 423

2010, p. 272

1488 (NSF Mathematics Education)

November 2010, p. 1328

Where to Find It
A brief index to information that appears in this and previous issues of the Notices.
AMS Bylaws—November 2009, p. 1320
AMS Email Addresses—February 2010, p. 268
AMS Ethical Guidelines—june/July 2006, p. 701
AMS Officers 2008 and 2009 Updates—May 2010, p. 670
AMS Officers and Committee Members—October 2010, p. 1152
Conference Board of the Mathematical Sciences—September 2010,

IMU Executive Committee—December 2010, page 1488
Information for Notices Authors—June/July 2009, p. 749
Mathematics Research Institutes Contact Information—August 2009,

National Science Board—january 2011, p. 77
New Journals for 2008— June/July 2009, p. 751
NRC Board on Mathematical Sciences and Their Applications—March

NRC Mathematical Sciences Education Board—April 2010, p. 541
NSF Mathematical and Physical Sciences Advisory Committee—February
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January 31, 2011: Nominations
for CAIMS/PIMS Early Career Award.
See “Mathematics Opportunities” in
this issue.

February 1, 2011: Applications
for February review for National
Academies Research Associateship
Programs. See “Mathematics Oppor-
tunities” in this issue.

February 1, 2011: Applications
for AWM Mentoring Travel Grants.
See http://www.awm-math.org/
travelgrants.html#standard.

February 1, 2011: Applications
for AWM Travel Grants. See http://
www.awm-math.org/travelgrants.
html#standard.

February 1, 2011: Applications
for AMS von Neumann Symposium.
See “Mathematics Opportunities” in
this issue.

February 4, 2011: Full propos-
als for NSF Mathematical Sciences
Research Institutes. See http://
www.nsf.gov/pubs/2010/
nsf10592/nsf10592.htm?WT.mc_
1d=USNSF_25&WT.mc_ev=c1ick.

February 15, 2011: Applica-
tions for AMS Congressional Fellow-
ship. See http://www.ams.org/
programs/ams-fellowships/ams-
aaas/ams-aaas-congressional-
fellowship or contact the AMS
Washington Office at 202-588-1100,
email: amsdc@ams.org.

February 21, 2011: Applica-
tions for EDGE for Women Sum-
mer Program. See http://www.
edgeforwomenorg/?page_1id=5.

February 27, 2011: Entries for As-
sociation for Women in Mathematics
(AWM) Essay Contest. See http://
www . awm-math.org/biographies/
contest.html.

May 1, 2011: Applications for
May review for National Academies
Research Associateship Programs.
See “Mathematics Opportunities” in
this issue.

May 1, 2011: Applications for
National Academies Christine Mirza-
yan Graduate Fellowship Program
for fall 2011. See http://sites.
nationalacademies.org/PGA/
policyfellows/index.htm.

May 1, 2011: Applications for
AWM Travel Grants. See http://
www . awm-math.org/travelgrants.
html#standard.
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August 1, 2011: Applications for
August review for National Acad-
emies Research Associateship Pro-
grams. See “Mathematics Opportuni-
ties” in this issue.

October 1, 2011: Applications for
AWM Travel Grants. See http://
www . awm-math.org/travelgrants.
html#standard.

October 1, 2011: Nominations for
the 2012 Emanuel and Carol Parzen
Prize. Contact Thomas Wehrly, De-
partment of Statistics, 3143 TAMU,
Texas A&M University, College Sta-
tion, Texas 77843-3143.

November 1, 2011: Applications
for November review for National
Academies Research Associateship
Programs. See “Mathematics Oppor-
tunities” in this issue.

National Science Board

The National Science Board is the
policymaking body of the National
Science Foundation. Listed below are
the current members of the NSB. For
further information, visit the website
http://www.nsf.gov/nsb/.

Mark R. Abbott

Dean and Professor

College of Oceanic and Atmospheric
Sciences Oregon State University

Camilla P. Benbow

Patricia and Rodes Hart Dean of Edu-
cation and Human Development

Peabody College of Education and
Human Development

Vanderbilt University

Ray M. Bowen (Chair)
President Emeritus
Texas A&M University

John T. Bruer

President

James S. McDonnell Foundation
St. Louis, Missouri

France A. Cordova
President
Purdue University

Patricia D. Galloway (Vice Chair)
Chief Executive Officer
Pegasus Global Holding, Inc.

José-Marie Griffiths

Vice President for Academic Affairs
Bryant University
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Esin Gulari (Vice Chair)
Dean of Engineering and Science
Clemson University

G. P. Peterson
President
Georgia Institute of Technology

Douglas D. Randall

Professor of Biochemistry and
Thomas Jefferson Fellow Direc-
tor, Interdisciplinary Plant Group

University of Missouri

Arthur K. Reilly
Senior Director
Cisco Systems, Inc.

Diane L. Souvaine

Professor and Chair, Computer Sci-
ence

Tufts University

Thomas N. Taylor

Roy A. Roberts Distinguished Profes-
sor

Department of Ecology and Evolu-
tionary Biology

Curator of Paleobotany in the Natural
History Museum and Biodiversity
Research Center

University of Kansas

Richard F. Thompson

Keck Professor of Psychology and
Biological Sciences

University of Southern California

The contact information for the
Board is: National Science Board,
National Science Foundation, 4201
Wilson Boulevard, Room 1225N, Ar-
lington, VA 22230; telephone 703-
292-7000; World Wide Web http://
www.nsf.gov/nsb/.

Book List

The Book List highlights books that
have mathematical themes and are
aimed at a broad audience potentially
including mathematicians, students,
and the general public. When a book
has been reviewed in the Notices, a
reference is given to the review. Gen-
erally the list will contain only books
published within the last two years,
though exceptions may be made in
cases where current events (e.g., the
death of a prominent mathemati-
cian, coverage of a certain piece of
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Reference and Book List

mathematics in the news) warrant
drawing readers’ attention to older
books. 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.

Apocalypse When?: Calculating
How Long the Human Race Will Sur-
vive, by Willard Wells. Springer Praxis,
June 2009. ISBN-13:978-03870-983-
64.

*The Best Writing on Mathematics:
2010, edited by Mircea Pitici. Prince-
ton University Press, December 2010.
ISBN-13: 978-06911-484-10.

Bright Boys: The Making of Infor-
mation Technology, by Tom Green.
A K Peters, April 2010. ISBN-13: 978-
1-56881-476-6.

The Calculus of Friendship: What a
Teacher and Student Learned about
Life While Corresponding about Math,
by Steven Strogatz. Princeton Uni-
versity Press, August 2009. ISBN-13:
978-0-691-13493-2. (Reviewed June/
July 2010.)

The Cult of Statistical Significance:
How the Standard Error Costs Us
Jobs, Justice, and Lives, by Stephen
T. Ziliak and Deirdre N. McCloskey,
University of Michigan Press, Febru-
ary 2008.ISBN-13: 978-04720-500-79.
(Reviewed October 2010.)

Duel at Dawn: Heroes, Martyrs,
and the Rise of Modern Mathematics,
by Amir Alexander. Harvard Univer-
sity Press, April 2010. ISBN-13: 978-
06740-466-10. (Reviewed November
2010.)

Euler's Gem: The Polyhedron For-
mula and the Birth of Topology, by
David S. Richeson. Princeton Univer-
sity Press, September 2008. ISBN-13:
97-80691-1267-77. (Reviewed Decem-
ber 2010.)

Here’s Looking at Euclid: A Surpris-
ing Excursion through the Astonish-
ing World of Math, by Alex Bellos.
Free Press, June 2010. ISBN-13: 978-
14165-882-52.

The Housekeeper and the Profes-
sor,by Yoko Ogawa. Picador, February
2009.1SBN-13:978-03124-278-01.(Re-
viewed May 2010.)

HowtoRead Historical Mathematics,
by Benjamin Wardhaugh. Princeton
University Press,March 2010.ISBN-13:
978-06911-401-48.

Isaac Newton on Mathematical
Certainty and Method, by Niccolo
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Guicciardini. MIT Press, October 2009.
ISBN-13:978-02620-131-78.

Logicomix: An Epic Search for Truth,
by Apostolos Doxiadis and Christos
Papadimitriou. Bloomsbury USA,
September 2009. ISBN-13: 978-15969-
145-20. (Reviewed December 2010.)

*The Math Book: From Pythagoras
to the 57th Dimension, 250 Milestones
in the History of Mathematics, by Clif-
ford A. Pickover. Sterling, September
2009.ISBN-13:978-14027-579-69.

Mathematicians: An Outer View
of the Inner World, by Mariana Cook.
Princeton University Press, June 2009.
ISBN-13:978-0-691-13951-7. (Reviewed
August 2010.)

Mathematicians Fleeing from Nazi
Germany: Individual Fates and Global
Impact, by Reinhard Siegmund-
Schultze. Princeton University Press,
July 2009. ISBN-13: 978-0-691-
14041-4. (Reviewed November 2010.)

Mathematics in Ancient Iraq: A
Social History, by Eleanor Robson.
Princeton University Press, August
2008.ISBN-13:978-06910-918-22.
(Reviewed March 2010.)

Mathematics in India, by Kim
Plofker. Princeton University Press,
January 2009. ISBN-13: 978-06911-
206-76. (Reviewed March 2010.)

A Motif of Mathematics: History
and Application of the Mediant
and the Farey Sequence, by Scott
B. Guthery. Docent Press, September
2010. ISBN-13 978-4538-105-76.

Mrs. Perkins’s Electric Quilt: And
Other Intriguing Stories of Mathemati-
cal Physics, Paul J. Nahin, Princeton
University Press, August 2009. ISBN-13:
978-06911-354-03.

Naming Infinity: A True Story of
Religious Mysticism and Mathemati-
cal Creativity, by Loren Graham and
Jean-Michel Kantor. Belknap Press
of Harvard University Press, March
2009. ISBN-13: 978-06740-329-34.

Nonsense on Stilts: How to Tell Sci-
ence from Bunk, by Massimo Pigliucci.
University of Chicago Press, May
2010. ISBN-13: 978-02266-678-67.

Numbers Rule: The Vexing Math-
ematics of Democracy, from Plato to the
Present, by George G. Szpiro. Princeton
University Press, April 2010. ISBN-13:
978-06911-399-44. (Reviewed in this
issue.)

The Numerati, by Stephen Baker.
Houghton Mifflin, August 2008. ISBN-
13: 978-06187-846-08. (Reviewed
October 2009.)
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Our Days Are Numbered: How
Mathematics Orders Our Lives, by
Jason Brown. Emblem Editions, April
2010. ISBN-13: 978-07710-169-74.

Perfect Rigor: A Genius and the
Mathematical Breakthrough of the
Century, by Masha Gessen. Houghton
Mifflin Harcourt, November 2009.
ISBN-13: 978-01510-140-64. (Re-
viewed in this issue.)

Pioneering Women in American
Mathematics: The Pre-1940 Ph.D.’s,
by Judy Green and Jeanne LaDuke.
AMS, December 2008. ISBN-13:978-
08218-4376-5.

Plato’s Ghost: The Modernist Trans-
formation of Mathematics, by Jeremy
Gray. Princeton University Press, Sep-
tember 2008. ISBN-13: 978-06911-
361-03. (Reviewed February 2010.)

Probabilities: The Little Numbers
That Rule Our Lives, by Peter Olofs-
son. Wiley, March 2010. ISBN-13: 978-
04706-244-56.

Proofs from THE BOOK, by Martin
Aigner and Giinter Ziegler. Expanded
fourth edition, Springer, October
2009. ISBN-13: 978-3-642-00855-9.
(Previous edition reviewed August
1999.)

Pythagoras’ Revenge: A Math-
ematical Mystery, by Arturo San-
galli. Princeton University Press, May
2009. ISBN-13: 978-06910-495-57.
(Reviewed May 2010.)

Recountings: Conversations with
MIT Mathematicians, edited by Joel
Segel. A K Peters, January 2009. ISBN-
13: 978-15688-144-90.

Roger Boscovich, by Radoslav
Dimitric (Serbian). Helios Publishing
Company, September 2006. ISBN-13:
978-09788-256-21.

The Shape of Inner Space: String
Theory and the Geometry of the Uni-
verse's Hidden Dimensions, by Shing-
Tung Yau (with Steve Nadis). Basic
Books, September 2010. ISBN-13:
978-04650-202-32.

The Solitude of Prime Numbers, by
Paolo Giordano. Pamela Dorman Books,
March 2010. ISBN-13: 978-06700-214-
82. (Reviewed September 2010.)

Solving Mathematical Problems: A
Personal Perspective, by Terence Tao.
Oxford University Press, September
2006. ISBN-13: 978-0-199-20560-8.
(Reviewed February 2010.)

The Strangest Man, by Graham
Farmelo. Basic Books, August 2009.
ISBN-13: 978-04650-182-77.
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Street-Fighting Mathematics: The
Art of Educated Guessing and Oppor-
tunistic Problem Solving, by Sanjoy
Mahajan. MIT Press, March 2010.
ISBN-13: 978-0-262-51429-3.

Survival Guide for Outsiders: How
to Protect Yourself from Politicians,
Experts, and Other Insiders, by Sher-
man Stein. BookSurge Publishing,
February 2010. ISBN-13: 978-14392-
532-74.

Symmetry in Chaos: A Search for
Pattern in Mathematics, Art, and Na-
ture, by Michael Field and Martin
Golubitsky. Society for Industrial
and Applied Mathematics, second
revised edition, May 2009. ISBN-13:
978-08987-167-26.

Teaching Statistics Using Base-
ball, by James Albert. Mathematical
Association of America, July 2003.
ISBN-13: 978-08838-572-74. (Re-
viewed April 2010.)

What’s Luck Got to Do with It? The
History, Mathematics and Psychology
of The Gambler’s Illusion, by Joseph
Mazur. Princeton University Press,
July 2010. ISBN: 978-0-691-13890-9.

JanuAary 2011

ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

Assistant Professor
of Mathematics

The Department of Mathematics
at ETH Zurich (www.math.ethz.ch)
invites applications for an assistant

professor position in Mathematics.

Duties of this position include,

in addition to research, an active
participation in the teaching of
mathematics courses for students
of mathematics, natural sciences,
and engineering. Candidates should
hold a PhD degree or equivalent
and have demonstrated the ability
to carry out independent research
work. Willingness to teach at all
university levels and to participate
in collaborative work both within
and outside the school is expected.
The new professor will be expect-
ed to teach undergraduate level
courses (German or English) and

graduate level courses (English).

Assistant professorships have been
established to promote the careers
of younger scientists. The initial
appointment is for four years with
the possibility of renewal for an

additional two year period.

Please submit your application
together with a curriculum vitae and
a list of publications to the President
of ETH Zurich, Prof. Dr. Ralph Eichler,
ETH Zurich, Raemistrasse 101,

8092 Zurich, Switzerland (or via
e-mail as one single PDF to faculty-
recruiting@sl.ethz.ch), no later

than January 15, 2011. With a view
towards increasing the number of
female professors, ETH Zurich specifi-
cally encourages qualified female

candidates to apply.

Mathematics Advanced
Study Semesters (MASS)

Department of Mathematics of the
Penn State University runs a yearly
semester-long intensive program for
undergraduate students from across
the USA seriously interested in
pursuing career in mathematics.
MASS is held during the fall
semester of each year. For most
of its participants, the program is
a spring board to graduate schools
in mathematics. The participants
are usually juniors and seniors.

The MASS program consists of
three core courses (4 credits each),
Seminar (3 credits) and Colloquium
(1 credit), fully transferable to the
participants’ home schools. The
core courses offered in 2010 are:

Spaces: from geometry to analysis
and back (A. Katok),

From FEuclid to Alexandrov; a
guided tour (A. Petrunin),
Introduction to Ramsey Theory (J.
Reimann).

Applications for fall semester
of 2011 are accepted now.

Financial arrangements:

Successful applicants are awarded
Penn State MASS Fellowship which
reduces their tuition to the in-state
level. Applicants who are US citi-
zens or permanent residents receive
NSF MASS Fellowship which cov-
ers room and board, travel to and
from Penn State and provides ad-
ditional stipend. Applicants with
outstanding previous record are
awarded additional MASS Merit
Fellowship. Participants who sig-
nificantly exceed expectations dur-
ing the program will be awarded
MASS Performance Fellowships at
the end of the semester.

For complete information, see
[http://www/math/psu.edu/mass |
e-mail to mass@math.psu.edu

or call (814)865-8462
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Mathematical Reviews/MathSciNet
Associate Editor

Applications are invited for a full-time position as an Associate Editor of

Mathematical Reviews/MathSciNet, to commence as soon as possible after
June 1, 2011. The Mathematical Reviews (MR) division of the American
Mathematical Society (AMS) is located in Ann Arbor, Michigan, in a
beautiful, historic building not far from the campus of the University of
Michigan. The editors are employees of the AMS; they also enjoy many

privileges at the University. At present, the AMS employs over seventy

people including sixteen mathematical editors at Mathematical Reviews/

MathSciNet. MR’s mission is to develop and maintain the MR Database,
from which all MR-related products are produced: MathSciNet and the journals
Mathematical Reviews and Current Mathematical Publications.

An Associate Editor is responsible for a broad area of the mathematical sciences.
Editors select articles and books for coverage, classify these items, determine the type
of coverage, assign selected items for review to reviewers, and edit the reviews when
they are returned.

An individual is sought who has mathematical breadth, with an interest in current
developments, and is willing to learn new topics in pure and applied mathematics;
the ability to write well in the English language is essential, and the ability to read
mathematics in the principal foreign languages is an advantage. Evidence of written
scholarship in mathematics is expected. The applicant should normally have several
years of relevant academic (or equivalent) experience beyond the Ph.D.

The twelve-month salary will be commensurate with the experience that the applicant
brings to the position. Interested applicants are invited to write (or telephone) for
further information.

Applications (including curriculum vitae; bibliography; and the names, addresses,
phone numbers, and email addresses of at least three references) should be sent to

Dr. Graeme Fairweather email: gxf@ams.org
Executive Editor Tel: (734) 996-5257
Mathematical Reviews Fax: (734) 996-2916
P. O. Box 8604 URL:(www.ams.org/mr-database|

Ann Arbor, MI 48107-8604

Applications received by March 18, 2011 will receive full consideration.

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

AMERICAN MATHEMATICAL SOCIETY

[ Mwwamsorg |
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Mathematics Calendar

Please submit conference information for the Mathematics
Calendar through the Mathematics Calendar submission form at
|http://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
|http://www.ams.org/mathcal/|.

January 2011

*10-14 ERC School on Geometric Measure Theory and Analysis
in Metric Spaces, Centro di Ricerca Matematica “Ennio De Giorgi”
Palazzo Puteano, Piazza dei Cavalieri 3 56100, Pisa, Italy.
Description: The school consists of five courses organized for Ph.D.
students and post-docs interested in geometric measure theory and
analysis in metric spaces. Special emphasis will be put on the theory
of currents, isoperimetric and filling problems, and regularity theory.
Funded: The school is funded by the ERC Advanced Grant GeMeTh-
nES, geometric measure theory in non-Euclidean spaces.
Lecturers: Dimitri Burago (Pennsylvania State University), Robert
Hardt (Rice University), Stephen Keith: TBA, Emanuele Spadaro
(Hausdorff Center for Mathematics, Bonn), Robert Young (IHES,
Paris).

Support: Financial support will be made available for a restricted
number of participants (10-15 students) upon selection. For the se-
lection procedure please link to: http: //www.crm. sns.it/hpp/
events/event.html?id=181;sez=financial.

Information: http://www.crm.sns.it/hpp/events/event.
html?id=181.

*10-14 Nonlinear PDEs in Valparaiso, Universidad Técnica Federico
Santa Maria, Valparaiso, Chile.
Description: This workshop will be an opportunity to meet young
and senior researchers sharing their latest results in the field of

the fully nonlinear elliptic and parabolic partial differential and in-
tegral equations.

Plenary Speakers: Henri Berestycki, Luis Caffarelli, Halil Mete Soner,
Louis Nirenberg, Panagiotis Souganidis, Neil Trudinger.

Organizers: Patricio Felmer, Alexander Quaas, Boyan Sirakov.
Information: http://npdeval.dim.uchile.cl/.

*25-29 International Conference “Groups and Semigroups: Interac-

tions and Computations”, University of Lisbon, Portugal.
Description: The aim of this conference is to deepen the existing
interactions between group theory and semigroup theory. The main
themes of the conference include, not exclusively: the application of
permutation group theory in the theory of transformation semigroups;
computational techniques in group theory and semigroup theory;
and combinatorial methods in group theory and semigroup theory.
Information: http://caul.cii.fc.ul.pt/GSConf2011.

February 2011

* 1-5 Centennial Congress of the Spanish Royal Mathematical Soci-

ety, RSME 2011, Palacio de Congresos, Avila, Spain.

Plenary speakers: Antonio Cérdoba (Universidad Autonoma de Ma-
drid), Edward Frenkel (University of California at Berkeley), Francisco
Gancedo, Rubio de Francia Prize 2009 (University of Chicago), Carlos
Kenig (University of Chicago), Jean Francois Le Gall (Université Paris-
Sud 11), Marc Noy (Universitat Politecnica de Catalunya), Joaquim
Ortega Cerd’a (Universtitat de Barcelona), Alvaro Pelayo, Rubio de

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

JANUARY 2011

in the mathematical sciences should be sent to the Editor of the Noticesin
care of the American Mathematical Society in Providence or electronically
tonotices@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: http://
www .ams.org/.
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Francia Prize 2010 (Washington University in St. Louis), Antonio Ros
(Universidad de Granada), Mike Shub (University of Toronto), Cédric
Villani, Fields Medal 2010 (Ecole Normale Supérieure de Lyon, Institut
Henri Poincaré). In addition, there will be 16 special sessions whose
titles are available at the Congress website and a poster session.
Information: For more information and on-line registration please
check the web: http://campus.usal.es/rsme2011.

21-25 NCTS(Taiwan)-CPT(France) Joint Workshop on Symplectic
Geometry and Quantum Symmetries in Mathematical Physics, Na-
tional Center for Theoretical Sciences, National Tsing-Hua University,
Hsin-Chu, Taiwan.

Description: The aim of this workshop is to bring together mathema-
ticians and mathematical physicists with various backgrounds to dis-
cuss prospective advances in the areas covered by the title. Another
purpose is to foster interactions between several groups of French
and Taiwanese scientists working in those fields. Interested research-
ers from all countries are invited to attend. We hope to attract Ph.D.
students, postdoctoral students, and young scholars.

Information: http://math.cts.nthu.edu.tw/Mathematics/
2011Taiwan-FranceWorkshop.htm.

24-25 IAMCS Workshop in Large-Scale Inverse Problems and Uncer-
tainty Quantification, Texas A&M University, College Station, Texas.
Description: The ability to solve large-scale inverse problems and to
quantify uncertainty is an essential precondition towards the goal
of accurate predictions in many data-intensive applications. Chal-
lenges in this area are numerous due to multiple scales and uncer-
tainties in physical processes. The workshop will focus on: efficient
data assimilation techniques, robust and accurate model reduction
techniques, constructing and assessing the statistical accuracy of
emulators, and implementation of these methods on today’s com-
puter architectures. Interested participants should contact: email:
inverseug@gmail . com.

Information: http://isc.tamu.edu/event/inverseuq.

*24-26 IMPACT-Workshop in honour of Peter Imkeller’s 60th birth-

day, Humboldt University, Berlin, Germany.

Description: This workshop honors Peter Imkeller’s remarkable work
in the field of Stochastic Analysis, on the occasion of his 60th birthday.
Topics: Random dynamical systems, Malliavin calculus, backward sto-
chastic differential equations and stochastic finance, among others.
Information: For the program, registration and further informa-
tion please visit the workshop’s webpage: http://www.math.
hu-berlin.de/~heinc/impact/.

*26-27 Southern California Geometric Analysis Seminar, University

of California San Diego, La Jolla, California.

Description: The Southern California Geometric Analysis Seminar is
an annual conference in geometric analysis organized jointly by UC
Irvine and UC San Diego. Some travel funds are available. Graduate
students, junior faculty members without support, and members of
underrepresented groups are especially encouraged to apply. Prior-
ity will be given to those who request support before January 15th,
2011. Please register on the website.

Information: http://www.math.ucsd.edu/~scgas/.

March 2011

environment, whereby feedback between individuals within a group
and their environment determine collective patterns.
Information: http://www.mbi.osu.edu/2010/
ws4description.html.

*17-18 Finitely presented solvable groups, The City College of New

*

York, New York, New York.

Description: The conference will explore the structure and geometry
of finitely presented solvable groups. Gromov’s work on finitely gen-
erated groups of polynomial growth has led to research exploring
the extent to which the asymptotic properties of a finitely generated
solvable group determine its algebraic structure. This conference is
designed to join two rather different points of view, the geometric and
the combinatorial, to suggest interesting new directions for research.
Information: http://www.sci.ccny.cuny.edu/~cleary/
fpsolconf.html.

22-26 Current Topic Workshop: New Developments in Dynamical
Systems Arising from the Biosciences, Mathematical Biosciences
Institute, The Ohio State University, Columbus, Ohio.

Description: The biosciences provide rich grounds for mathematical
problems, and many questions require the development of new math-
ematical theory and algorithms. With this workshop we give particular
attention to new ideas and developments in dynamical systems. We
have chosen four themes to showcase how the biosciences inspired
recent progress: systems with delays, systems with multiple scales,
dynamics of networks, and stochastic bifurcation theory. The meeting
will highlight and discuss new directions of fundamental research in
each of the themes, how they are connected, and how they contribute
to the understanding of specific questions in bioscience applications.
Information: http://www.mbi.osu.edu/2010/
ddsdescription.html.

25-27 The Seventh International Conference on Number Theory
and Smarandache Notions, Weinan Teachers University, Weinan,
Shaanxi, People’s Republic of China.

Description: The theme of the conference will include all branches
of number theory and Smarandache Notions.

Information: email: wpzhang@nwu . edu. cn.

29-30 International Workshop on Mathematical and Physical Foun-
dations of Discrete Time Quantum Walk, Oh-Okayama Campus,
Tokyo Institute of Technology, Meguro, Tokyo, Japan.

Description: What is probability and stochastic process in quantum
mechanics? To study the foundations of the stochastic process in
quantum mechanics, the discrete time quantum walk (DTQW), which
is a quantum analogue of the random walk, may be useful. This has
recently been the hot research field, especially in quantum information
science, and been experimentally realized. This workshop will bring
together the theoretical researchers in the DTQW. While this workshop
is focused on the theoretical side, we also welcome experimentalists.
We take the advantage of special opportunities to invite founders of
DTQW. The organizers strongly encourage young researchers to ac-
tively join us to this workshop.

Information: http://www.th.phys.titech.ac.jp/~shikano/
dtqw/.

April 2011

14-18 Workshop 4: Insect Self-organization and Swarming, Math-
ematical Biosciences Institute, The Ohio State University, Columbus,
Ohio.

Description: Collective insect behavior is interesting from the point
of view of evolution because understanding the non-linear dynamics
provides insights into self-organization in natural systems which in
turn serves as an inspiration for computer algorithms and robots.
Many of the emergent collective phenomena involve synchroniza-
tion where large numbers of individuals move in the same direction
or co-ordinate their activities. Lastly, mass movement of insects such
as grasshoppers and crickets involve large-scale interactions with the
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1-3 Underrepresented Students in Topology and Algebra Research
Symposium (USTARS): Research symposium for underrepresented
graduate students in algebra and topology, University of lowa, lowa
City, Iowa.

Description: The Underrepresented Students in Topology and Alge-
bra Research Symposium (USTARS) is a graduate student conference
proposed by a group of underrepresented students in the University
of lTowa Mathematics Department and will be largely run and orga-
nized by graduate students. The symposium will be structured so that
speakers give 20-minute parallel research talks with one distinguished
graduate student and one invited faculty member, Prof. Emille Davie
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Lawrence, giving 1-hour presentations on Saturday and a mentoring
brunch on Sunday. The broader impact of this event is that graduate
students who attend USTARS will be better equipped to find academic
positions and continue the cycle of research and collaboration.
Information: http://www.mathalliance.org/ustars.asp.

11-16 The Fifth de Brun Workshop: Groups, Combinatorics, Com-
puting, National University of Ireland, Galway, Ireland.

Description: The primary aim of the workshop is to bring together
experts in group theory and combinatorics, to discuss computational
and algorithmic aspects that have recently emerged at the interface of
both subjects. Three short lecture courses will be delivered by lead-
ing experts. There will also be contributed research talks. The work-
shop will be beneficial and suitable both for early-stage researchers
(including Ph.D. students), as well as those who are more established.
Information: http://larmor.nuigalway.ie/~detinko/
DeBrun5.shtml.

12-14 International Conference on Mathematical and Computa-
tional Biology 2011(ICMCB201 1), Malacca, Malaysia.

Description: The International conference on Mathematical and
Computational Biology provides the opportunity to bring together
researchers and students from all over the world to share their ex-
periences and explore the challenges of applying mathematics to
biological problems.

Scope: Bioinformatics, biometrics, cancer modelling, computational
biology, computational ecology, epidemiology, genetics and evolu-
tion, mathematical biology, mathematical ecology, neural networks,
population dynamics, stochastic modelling & other topics relevant
to this area.

Information: http://einspem.upm.edu.my/icmcb2011.

May 2011

10-13 Second Buea International Conference on the Mathematical
Sciences, University of Buea, Cameroon.

Description: The University of Buea, Cameroon, will be organizing
its Second International Conference on the Mathematical Sciences,
with the aim of bringing together academicians and professionals
with cross-disciplinary interests related to mathematical sciences, to
demonstrate the vital role that mathematics plays in society, and to
bridge as well as nurture understanding and collaboration between
global and Cameroon regional mathematical scientists and practitio-
ners. The conference will be in conjunction a two-week CIMPA summer
school on analysis and its applications to other sciences.
Information: http://www.bueaconference.com.

14-15 Methodological Aspects of Teaching Mathematics, Faculty
of Education in Jagodina, Jagodina, Serbia.

Description: The general aim of the Conference is to contribute to the
development, promotion and improvement of teaching mathematics
in primary school, as well as to the development of teacher competen-
cies necessary for modern primary education. The Conference will be
held in the form of plenary and thematic sessions: multidisciplinary
approach in methodology and teaching mathematics, innovative pro-
grams in teaching mathematics, teaching mathematics in inclusive set-
tings, pedagogical and psychological aspects of teaching mthematics,
individual talks in sessions will be allocated 20 minutes.
Information: http://matm2011.blogspot.com.

*16-20 IMA Hot Topics Workshop: Strain Induced Shape Formation:

Analysis, Geometry and Materials Science, Institute for Mathemat-
ics and its Applications (IMA), University of Minnesota, Minneapolis,
Minnesota.

Description: This workshop is devoted to analytical aspects of mor-
phogenesis (shape formation), arising as a consequence of the inelas-
tic effects associated with growth, swelling, shrinkage or plasticity.
Such effects result in a local and heterogeneous incompatibility of
strains and naturally lead to the non-trivial shapes, seen even in the
absence of any external forces, in a variety of science and technology

JANUARY 2011

situations. A large body of experimental data, as well as numerous
formal derivations, present in physics and mechanics literature, sug-
gest various approaches to coupling between residual strain and the
ultimate shape of an object. On the other hand, the rigorous results
are sparse, and call for a more detailed analysis. During the work-
shop, we hope to stimulate discussions and enhance further inter-
actions between applied mathematicians, physicists, analysts and
geometers, who pursue research around problems in strain-induced
morphogenesis.

Information: http://www.ima.umn.edu/2010-2011/
SW5.16-20.11/.

*29-June 4 Function spaces—Approximation, Inequalities and Line-

ability, Paseky nad Jizerou, Czech Republic.

Invited speakers and titles: Richard M. Aron (Kent State University)
(title to be announced); David Cruz-Uribe, SFO (Trinity College): Recent
advances in the theory of weights: Extrapolation and sharp one- and
two-weight norm inequalities; Michael Lacey (Georgia Institute of Tech-
nology): Two-weight inequalities in harmonic analysis: First results
and outstanding challenges; Andrei K. Lerner (Bar-Ilan University): The
local sharp maximal function and some applications.

Organizers: Jaroslav Lukes and Lubos Pick (Charles University,
Prague, Czech Republic).

Deadlines: For a reduced fee or support, February 1, 2011; email:
pasejune@karlin.mff.cuni.cz.

Information: http://www.karlin.mff.cuni.cz/katedry/kma/
ss/junll/.

*30-June 2 Discrete Groups and Geometric Structures, with Appli-

*
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cations IV, This workshop will be held at Hotel Royal Astrid in Oos-
tende, Belgium.

Description: The workshop will focus on research topics related to
discrete groups and geometric structures, e.g., crystallographic groups
and their generalisations, discrete subgroups of Lie groups, mapping
class groups, affine structures and the Auslander conjecture, etc...
A special part of the program will be dedicated to the memory and
mathematics of Fritz Grunewald, who was involved in the organisa-
tion of all previous editions of this workshop.

Invited speakers: Martin Bridson (Oxford), William Goldman (Mary-
land), Ursula Hamenstaedt (Bonn), Alex Lubotzky (Jerusalem), Ludovic
Marquis (Rennes), Alan Reid (Austin), Alain Valette (Neuchatel), Anna
Wienhard (Princeton).

Information: http://www.kuleuven-kortrijk.be/workshop.

30-June 3 International Conference on Asymptotics and Special
Functions, City University of Hong Kong, Hong Kong.

Description: Special functions is a very classic subject which together
with their asymptotics has many connections to various areas of pure
and applied mathematics. Since the 1980s, special functions, orthogo-
nal polynomials and their asymptotics have seen tremendous devel-
opments. Many new areas evolved such as the combinatorial theory
of orthogonal polynomials, special functions on root systems, several
variable and matrix valued special functions, uniform asymptotics,
and the application of Riemann-Hilbert techniques to orthogonal poly-
nomials. The conference will bring together researchers with diverse
backgrounds whose research interests overlap with special functions
and orthogonal polynomials and their asymptotics. The speakers will
report on the state of the art in these areas and we expect the pres-
ence of such talent in one place will lead to significant developments.
The program will also contain some symbolic algebra presentations.
Information: http://www6.cityu.edu.hk/rcms/ICASF2011/
index.html.

31-June 3 Nonlinear Modeling and Analysis International Confer-
ence: 4th Chaotic Modeling and Simulation International Confer-
ence (CHAOS2011), Agios Nikolaos, Crete, Greece.

Topics: The general topics and the special sessions proposed for the
conference include but are not limited to: chaos and nonlinear dy-
namics, stochastic chaos, chemical chaos, data analysis and chaos,
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hydrodynamics, turbulence and plasmas, optics and chaos, chaotic  methods, scientific computing, solitons and transport processes which
oscillations and circuits, chaos in climate dynamics, geophysical flows,  can be complemented by some specific topics in contributed special
biology and chaos, neurophysiology and chaos, Hamiltonian systems,  sessions. You are welcomed to announce and organize special sessions
chaos in astronomy and astrophysics, chaos and solitons, micro- and  that should be within the general topic of the conference. If you are
nano-electro-mechanical systems, neural networks and chaos, ecol- interested in attending AMiTaNS’'11 please prepare a short abstract
ogy and Economy. within 300 words clearly stating the goal, tools, and and fill out the
Publications: Include: 1. The book of abstracts in electronic and in  online application form.

paper form. 2. Electronic Proceedings in CD and in the Web in a per-  Deadline: The deadline for submissions is March 31, 2011.

manent website. 3. A book including selected papers presented in  Information: http://2011.eac4amitans.org.

the conference. B . .
Information: For more information and Abstract/Paper submission 20—Ju}y 1 (N]_EW D_ATE) Polyhe.dral Geometry and. Algebraic Combi
natorics, University of Wyoming, Laramie, Wyoming.

and Special Session Proposals please visit the conference website at: L . . L
Description: This program will expose participants to recent devel-

http://www. cmsim. ore. opments in polyhedral geometry and algebraic combinatorics. Topics
June 2011 include the theory of valuations on cones, combinatorial reciprocity
theorems, and computational polyhedral geometry. No specialized
prior knowledge will be assumed. The program will begin with a tuto-
rial phase to provide a solid background to all participants.

Aim: To prepare participants to pursue open problems in the subject.
Anyone interested in the theory or applications of polyhedral geom-

*8-11 2011 International Symposium on Symbolic and Algebraic
Computation (ISSAC 2011), San Jose Convention Center, 150 West
San Carlos St., San Jose, California.

Description: The International Symposium on Symbolic and Alge-

braic Computation (ISSAC) is the premier conference for research in

symbolic computation and computer algebra. ISSAC 2011 is the 36th etry and algebraic combinatorics will be interested in this conference.
meeting in the series, started in 1966 and held annually since 1981,in  SPeakers: Matthias Back (San Francisco State Univ.); Jess De Loera

North America, Europe, and Asia. The conference presents a range of ~ (Univ. of California, Davis); Victor Reiner (Univ. of Minnesota).

invited speakers, tutorials, poster sessions, software demonstrations ~ SPOnsors: Rocky Mountain Mathematics Consortium. NSF and IMA

and vendor exhibits with a centerpiece of contributed research papers. ~ Funding possible.

Information: http: //www.issac-conference.org/2011. Deadline: For applications/abstracts of talks: April 1, 2011.
Information: Tyrrell McAllister, email: tmcallis@uwyo.edu; A.
Duane Porter, email: adporter@uwyo.edu; http://math.uwyo.
edu/rmmc/2011.

*12-17 Geometric and nonlinear analysis, meeting in Lorraine, Uni-
versité Henri Poincaré, Nancy, France.
Description: This meeting is dedicated to cover large sectors of non-
linear and geometric analysis. July 2011
Scientific committee: Emmanuel Hebey, Oussama Hijazi, Fang-Hua
Lin, Frank Pacard, Richard M. Schoen and Michael Struwe.
Organizers: Dong Ye (Metz) and Frédéric Robert (Nancy).
Information: http://www.iecn.u-nancy.fr/~frobert/.

*5-7 The 4th Congress of the Turkic World Mathematical Society
(TWMS), Baku, Azerbaijan.
Description: The aim of the Congress is to provide a forum where
scientists and mathematicians from academia and industry can meet

*13-16 FPP6: Foundations of Probability and Physics-6, Linnaeus (o share ideas of latest research work in all branches of pure and ap-
University, Vaxjo, Sweden. plied mathematics.
Description: This is the 12th conference arranged at Vaxjo which is  |nformation: http: //www.twmsc2011.com/.
devoted to quantum foundations and quantum information, especially
the clarification of fundamental questions in probabilistic founda-
tions, interplay of classical and quantum probability and statistics.
Organization committee: V. Belavkin (University of Nottingham,
United Kingdom), M. D’Ariano (University of Pavia, Italy), S.-M. Fei
(Capital Normal University, China), B. Hiesmayr (University of Vienna,
Austria), G. Jaeger (Boston University, USA), A. Khrennikov (Linnaeus
University, Vaxjo, Sweden), J-A. Larsson (Linképing University, Swe-
den), M. Ozawa (Nagoya University, Japan), S. Stenholm (Stockholm
University, Sweden), J. Tollaksen (Chapman University, USA).
Information: http://www.lnu.se/fpp6.

*19-22 The SUMMER 9th International Conference on Computing,
Communications and Control Technologies: CCCT 2011, Orlando,
Florida.

Goal: To bring together researchers representing various fields related
to the numerical modeling of objects and visualization for science,
engineering and medicine. This is a sincere effort to make a contribu-
tion to: Achieving better solutions for more realistic computational
models; establish a bridge between clinicians and researchers from
diverse fields; set the major lines of development for the near future.
Topics: Mathematics and computer graphics, biomechanics, statistics,
computational biology, medical imaging, image acquisition, image
segmentation, objects tracking, objects matching, computational vi-
sion, scientific visualization.

Organizer: Dr. Mohammad Siddique, Fayetteville State University,
North Carolina.

Information: For submission: msiddiqu@uncfsu.edu;
http://www.iiis2011l.org/imeti/Invitedsession/
InvitedSessionPre.asp?vc=35.

*20-24 Permutation Patterns 2011, California Polytechnic State Uni-
versity, San Luis Obispo, California.
Description: The invited speakers for this, the ninth annual, session
are Herbert Wilf from the University of Pennsylvania and Igor Pak from
the University of California at Los Angeles. Researchers wishing to
present a talk on or related to permutation patterns should submit
an abstract to Robert Brignall, email: r.brignall@open.ac.uk, by
April 1, 2011. Details on lodging, travel, and registration will be avail-
able by January 1, 2011 through the link below. *28-30 International Conference on Special Functions & their Ap-
Information: http://math.calpoly.edu/PP2011/index.html. Pplications (ICSFA 2011), Department of Mathematics & Statistics,
J. N. Vyas University, Jodhpur (Rajasthan) 342 005, India.
Description: The organizers extend a coordial invitation to those
who are interested to participate and call for papers for presentation.
Information: For further details contact: Dr. R. K. Yadav, rkmdyadav
@gmail.com, Organizing Secretary, CSFA 2011; http://www.
ssfaindia.webs.com/conf.htm.

*20-25 3rd Conference of the Euro-American Consortium for Pro-
moting the Application of Mathematics in Technical and Natural
Sciences, Resort of Albena, Bulgaria.

Description: The conference will be scheduled in plenary and keynote
lectures followed by special and contributed sessions. The accents of
the conference will be on applied analysis, applied physics, biomath-
ematics, continuum mechanics, mathematical physics, numerical
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August 2011

*8-13 Toposym 2011: 11th Prague Topological Symposium, Prague,
Czech Republic.
Description: It will be organized under the auspices of: The Centre for
Theoretic Study, Mathematical Institute of Czechoslovak Academy of
Sciences and Faculty of Mathematics and Physics of Charles University.
Information: http://www.toposym.cz/.

*

22-24 The 3rd International Conference on Control and Optimi-
zation with Industrial Applications: COIA 2011, Bilkent University,
Ankara, Turkey.

Description: The conference will provide a forum where engineers,
scientists and mathematicians from academia, industry and govern-
ment organizations can meet to share ideas on recent advances in all
disciplines of science and engineering involving control and optimi-
zation. Latest industrial applications of the control and optimization
theory will be presented in thematic special sessions. Selected papers
will be published in Applied and Computational Mathematics (ISSN
1683-3511) indexed in Scopus and in Science Citation Index Expanded.
Detailed instructions for paper submission will be posted on the con-
ference web site:http://www.ee.bilkent.edu.tr/~coia2011.
Important Dates: Extended Abstract Submission: February 15, 2011.
Author Notification: April 30, 2011. Early Registration and Submis-
sion of the Final Extended Abstract: May 31, 2011.

Information: Please contact the secretariat: coia2011@ee.bilkent.
edu.tr; http://www.ee.bilkent.edu.tr/~coia2011.

22-27 10th International Symposium on Generalized Convexity
and Monotonicity (GCM10), Babes-Bolyai University, Cluj-Napoca,
Romania.

Description: The GCM10 symposium aims to continue the series of
nine conferences organized in the area of generalized convexity and
monotonicity during the last three decades: 1980 (Vancouver, Canada),
1986 (Canton, U.S.A.), 1988 (Pisa, Italy), 1992 (Pécs, Hungary), 1996
(Luminy-Marseille, France), 1999 (Karlovassi-Samos, Greece), 2002
(Hanoi, Vietnam), 2005 (Varese, Italy), and 2008 (Kaohsiung, Taiwan).
As all recent editions, this one is organized by the Working Group
on Generalized Convexity; http://www. genconv.org—a scientific
community with more than 450 members from 52 countries. Its theme
covers generalized convexity and monotonicity, variational analysis,
and their applications in optimization, control, economics, statistics,
finance, engineering and related areas.

Information: http://www.cs.ubbcluj.ro/gcmlO0.

*29-September 2 European Conference on Combinatorics, Graph
Theory and Applications 2011, Alfred Renyi, Institute of Mathemat-
ics, Budapest, Hungary.

Description: In the tradition of EuroComb01 (Barcelona), EuroComb03
(Prague), EuroComb05 (Berlin), EuroComb07 (Seville) and EuroComb09
(Bordeaux), this conference will cover the full range of combinatorics
and graph theory including applications in other areas of mathemat-
ics, computer science and engineering. Topics include, but are not
limited to: enumerative combinatorics, designs and configurations,
graph theory, extremal combinatorics, algebraic combinatorics, to-
pological combinatorics, ordered sets, combinatorial number theory,
combinatorial geometry, random methods.

Information: http://www.renyi.hu/conferences/ecll.

JANUARY 2011

The following new announcements will not be repeated until
the criteria in the next to the last paragraph at the bottom of
the first page of this section are met.

February 2012

*27-March 2 IMA Workshop: Network Links: Connecting Social,

Communication and Biological Network Analysis, Institute for
Mathematics and its Applications (IMA), University of Minnesota, Min-
neapolis, Minnesota.

Description: Networks occur in a large variety of disciplines, e.g., so-
cial networks, communication networks, gene regulatory networks,
disease transmission networks, financial networks, power networks,
etc. Common problems are how to model, map and measure the
network, how to understand and adjust to network evolution and
dynamics, and how network structure affects information flow and
robustness/resilience of networks. These problems have often been
studied in each discipline individually. In this workshop, we bring
together researchers and methodologies of network analysis from
three disciplines, to build on the similarities and contrasts among
their approaches.

Information: http://www.ima.umn.edu/2011-2012/
w2.27-3.2.12/.

March 2012

*26-30 (NEW DATE) IMA Workshop: Machine Learning: Theory and

Computation, Institute for Mathematics and its Applications (IMA),
University of Minnesota, Minneapolis, Minnesota.

Topics: Topics to be discussed at the workshop include the interplay
between machine learning (kernel learning, graphical models, online
learning, active learning) with (a) statistical modeling and learning
theory, (b) theoretical computer science, (c) numerical optimization,
(d) topological methods, (e) tensor methods, and (f) sparse methods.
Information: http://www.ima.umn.edu/2011-2012/
wW3.26-30.12/.
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New Publications
Offered by the AMS

To subscribe to email notification of new AMS publications,

please go to http://www.ams.org/bookstore-email.

Algebra and Algebraic
Geometry

¢ . FIELDS INSTITUTE
é COMMUNICATIONS

Geometric
Representation Theory
and Extended Affine
Lie Algebras

Geometric
Representation
Theory and Extended
Affine Lie Algebras

Erhard Neher and Alistair
Savage, University of Ottawa,
ON, Canada, and Weigiang
Wang, University of Virginia,
Charlottesville, VA, Editors

@ -

Lie theory has connections to many other disciplines such as
geometry, number theory, mathematical physics, and algebraic
combinatorics. The interaction between algebra, geometry and
combinatorics has proven to be extremely powerful in shedding
new light on each of these areas.

This book presents the lectures given at the Fields Institute Summer
School on Geometric Representation Theory and Extended Affine
Lie Algebras held at the University of Ottawa in 2009. It provides a
systematic account by experts of some of the exciting developments
in Lie algebras and representation theory in the last two decades.
It includes topics such as geometric realizations of irreducible
representations in three different approaches, combinatorics and
geometry of canonical and crystal bases, finite W-algebras arising
as the quantization of the transversal slice to a nilpotent orbit,
structure theory of extended affine Lie algebras, and representation
theory of affine Lie algebras at level zero.

This book will be of interest to mathematicians working in Lie
algebras and to graduate students interested in learning the basic
ideas of some very active research directions. The extensive
references in the book will be helpful to guide non-experts to the
original sources.

Titles in this series are co-published with the Fields Institute for
Research in Mathematical Sciences (Toronto, Ontario, Canada).

Contents: J. Kamnitzer, Geometric constructions of the irreducible
representations of GLy; S.-J. Kang, Introduction to crystal bases;
A. Savage, Geometric realizations of crystals; W. Wang, Nilpotent
orbits and finite W-algebras; E. Neher, Extended affine Lie
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algebras—An introduction to their structure theory; V. Chari,
Representations of affine and toroidal Lie algebras; Bibliography;
Index.

Fields Institute Communications, Volume 59
February 2011, 213 pages, Hardcover, ISBN: 978-0-8218-5237-8,
LC2010043432,2010 Mathematics Subject Classification: 16G20,

17B10, 17B35, 17B37, 17B50, 17B65, 17B67, AMS members
US$79.20, List US$99, Order code FIC/59

Analysis

Wavelet Theory

Translations of

M MovoGRAPHS I. Ya. Novikov, Voronezh
wmes | State University, Russia,
Wavelet Theory V. Yu. Pr_otast, MOS?OW

State University, Russia, and
V. Vi rotasov M. A. Skopina, St. Petersburg
M. A. Skopina

University, Russia

Wavelet theory lies on the crossroad of
pure and computational mathematics,
with connections to audio and video signal
processing, data compression, and information transmission.

The present book is devoted to a systematic exposition of modern
wavelet theory. It details the construction of orthogonal and
biorthogonal systems of wavelets and studies their structural and
approximation properties, starting with basic theory and ending
with special topics and problems. The book also presents some
applications of wavelets. Historical commentary is supplied for
each chapter in the book, and most chapters contain exercises.

The book is intended for professional mathematicians and graduate
students working in functional analysis and approximation theory.
Itis also useful for engineers applying wavelet theory in their work.
Prerequisites for reading the book consist of graduate courses in

real and functional analysis.

This item will also be of interest to those working in applications.

Contents: Wavelets on the line; Multivariate wavelets; Compactly
supported refinable functions; Wavelets with compact support;
Fractal properties of wavelets; Factorization of refinement
equations; Smoothness of compactly supported wavelets;
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New Publications Offered by the AMS

Nonstationary wavelets; Periodic wavelets; Approximation by
periodic wavelets; Remarkable properties of wavelet bases;
Auxiliary facts of the theory of functions and functional analysis;
Historical comments; Bibliography; Index.

Translations of Mathematical Monographs, Volume 239

April 2011, approximately 508 pages, Hardcover, ISBN: 978-0-8218-
4984-2,1.C 2010035110, 2010 Mathematics Subject Classification:
42C40, AMS members US$104.80, List US$131, Order code
MMONO/239

Differential Equations

Introduction to
Differential Equations

Michael E. Taylor, University of
North Carolina, Chapel Hill, NC

A
Lure and Asp
UNDERGRADUATE //TE:

Introduction
to Differential
Equations

The mathematical formulations of
problems in physics, economics, biology,
and other sciences are usually embodied
in differential equations. The analysis of
the resulting equations then provides new
insight into the original problems. This
book describes the tools for performing
that analysis.

The first chapter treats single differential equations, emphasizing
linear and nonlinear first order equations, linear second order
equations, and a class of nonlinear second order equations arising
from Newton’s laws. The first order linear theory starts with a
self-contained presentation of the exponential and trigonometric
functions, which plays a central role in the subsequent development
of this chapter. Chapter 2 provides a mini-course on linear algebra,
giving detailed treatments of linear transformations, determinants
and invertibility, eigenvalues and eigenvectors, and generalized
eigenvectors. This treatment is more detailed than that in most
differential equations texts and provides a solid foundation for the
next two chapters. Chapter 3 studies linear systems of differential
equations. It starts with the matrix exponential, melding material
from Chapters 1 and 2, and uses this exponential as a key tool
in the linear theory. Chapter 4 deals with nonlinear systems of
differential equations. This uses all the material developed in the
first three chapters and moves it to a deeper level. The chapter
includes theoretical studies, such as the fundamental existence and
uniqueness theorem, but also has numerous examples, arising from
Newtonian physics, mathematical biology, electrical circuits, and
geometrical problems. These studies bring in variational methods, a
fertile source of nonlinear systems of differential equations. The
reader who works through this book will be well prepared for
advanced studies in dynamical systems, mathematical physics, and
partial differential equations.

Contents: Single differential equations; Linear algebra; Linear
systems of differential equations; Nonlinear systems of differential
equations; Bibliography; Index.

Pure and Applied Undergraduate Texts, Volume 14

March 2011, approximately 415 pages, Hardcover, ISBN: 978-
0-8218-5271-2, LC 2010037816, 2010 Mathematics Subject
Classification: 34-01, AMS members US$58.40, List US$73, Order
code AMSTEXT/14

JANUARY 2011

Geometry and Topology

Tropical Geometry
and Mirror Symmetry

Mark Gross, University of
California, San Diego, CA

Tropical Geometry
and Mirror Symmetry

Mark Gross

Tropical geometry provides an
explanation for the remarkable power of
mirror symmetry to connect complex and
symplectic geometry. The main theme
of this book is the interplay between
tropical geometry and mirror symmetry,
culminating in a description of the recent
work of Gross and Siebert using log geometry to understand how
the tropical world relates the A- and B-models in mirror symmetry.

The text starts with a detailed introduction to the notions of tropical
curves and manifolds, and then gives a thorough description of both
sides of mirror symmetry for projective space, bringing together
material which so far can only be found scattered throughout the
literature. Next follows an introduction to the log geometry of
Fontaine-Illusie and Kato, as needed for Nishinou and Siebert’s
proof of Mikhalkin’s tropical curve counting formulas. This latter
proof is given in the fourth chapter. The fifth chapter considers the
mirror, B-model side, giving recent results of the author showing
how tropical geometry can be used to evaluate the oscillatory
integrals appearing. The final chapter surveys reconstruction
results of the author and Siebert for “integral tropical manifolds.” A
complete version of the argument is given in two dimensions.

This item will also be of interest to those working in mathematical
physics.

A co-publication of the AMS and CBMS.

Contents: The three worlds: The tropics; The A- and B-models;
Log geometry; Example: P2: Mikhalkin’s curve counting formula;
Period integrals; The Gross-Siebert program: The program and
two-dimensional results; Bibliography; Index of symbols; General
index.

CBMS Regional Conference Series in Mathematics, Number 114

February 2011, 317 pages, Softcover, ISBN: 978-0-8218-5232-3,
LC 2010043384, 2010 Mathematics Subject Classification: 14T05,
14M25, 14N35,14J32,14J33,52B20, AMS members US$45.60, All
Individuals US$45.60, List US$57, Order code CBMS/114
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New Publications Offered by the AMS

Mathematical Physics

. Motives, Quantum

paeeeemmeee  Field Theory, and

H Pseudodifferential
Operators

Alan Carey, Australian
National University, Canberra,
Australia, David Ellwood,

Clay Mathematics Institute,
Cambridge, MA, Sylvie Paycha,
Université Blaise Pascal, Aubiere,
France, and Steven Rosenberg,
Boston University, MA, Editors

This volume contains articles related to the conference “Motives,
Quantum Field Theory, and Pseudodifferntial Operators” held at
Boston University in June 2008, with partial support from the
Clay Mathematics Institute, Boston University, and the National
Science Foundation. There are deep but only partially understood
connections between the three conference fields, so this book is
intended both to explain the known connections and to offer
directions for further research.

In keeping with the organization of the conference, this book
contains introductory lectures on each of the conference themes
and research articles on current topics in these fields. The
introductory lectures are suitable for graduate students and new
Ph.D.’s in both mathematics and theoretical physics, as well as for
senior researchers, since few mathematicians are expert in any two
of the conference areas.

Among the topics discussed in the introductory lectures are the
appearance of multiple zeta values both as periods of motives
and in Feynman integral calculations in perturbative QFT, the
use of Hopf algebra techniques for renormalization in QFT, and
regularized traces of pseudodifferential operators. The motivic
interpretation of multiple zeta values points to a fundamental link
between motives and QFT, and there are strong parallels between
regularized traces and Feynman integral techniques.

The research articles cover arange of topics in areas related to the
conference themes, including geometric, Hopf algebraic, analytic,
motivic and computational aspects of quantum field theory and
mirror symmetry. There is no unifying theory of the conference
areas at present, so the research articles present the current state of
the art pointing towards such a unification.

This item will also be of interest to those working in differential
equations and algebra and algebraic geometry.

Titles in this series are co-published with the Clay Mathematics
Institute (Cambridge, MA).

Contents: Introductory articles: Y. André, An introduction to
motivic zeta functions of motives; D. Kreimer, Algebra for
quantum fields; M. Lesch, Pseudodifferential operators and
regularized traces; D. Manchon, Renormalization in connected
graded Hopf algebras: An introduction; Research articles: P. Albin
and R. Melrose, Fredholm realizations of elliptic symbols on
manifolds with boundary II: Fibered boundary; J. Bergstrom and
F. Brown, Inversion of series and the cohomology of the moduli
spaces j\/lg_n; P. Bouwknegt, K. C. Hannabuss, and V. Mathai,
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C*-algebras in tensor categories; J. Bliimlein, Structural relations of
harmonic sums and Mellin transforms at weight w = 6; L. Foissy,
Hopf subalgebras of rooted trees from Dyson-Schwinger equations;
J. Mickelsson, From gauge anomalies to Gerbes and Gerbal actions;
R. Ponge, A microlocal approach to Fefferman’s program in
conformal and CR geometry; M. Roth and N. Yui, Mirror symmetry
for elliptic curves: The A-model (fermionic) counting; C. Schneider,
A symbolic summation approach to find optimal nested sum
representations; S. Scott, Logarithmic structures and TQFT; W. D.
van Suijlekom, Renormalization Hopf algebras for gauge theories
and BRST-symmetries.

Clay Mathematics Proceedings, Volume 12

January 2011, 349 pages, Softcover, ISBN: 978-0-8218-5199-9,
LC 2010040806, 2010 Mathematics Subject Classification: 14-02,
14F42,16TO05, 33F10, 58-02, 58J42, 81-02,81T15,81T18, 81Q30,
AMS members US$71.20, List US$89, Order code CMIP/12

Probability and Statistics

Mathematical
Statistics

Asymptotic Minimax
Theory

Mathematical
Statistics

Asymptotic Minimax Theory

Alexander Korostelev
Olga Korosteleva

Alexander Korostelev, Wayne
State University, Detroit, MI, and
Olga Korosteleva, California
State University, Long Beach, CA

Graduate Stucies
in Mathematics

Volume 119

(1571 American Mathwmaticatsocity

This book is designed to bridge the gap
between traditional textbooks in statistics and more advanced
books that include the sophisticated nonparametric techniques.
It covers topics in parametric and nonparametric large-sample
estimation theory. The exposition is based on a collection
of relatively simple statistical models. It gives a thorough
mathematical analysis for each of them with all the rigorous proofs
and explanations. The book also includes a number of helpful
exercises.

Prerequisites for the book include senior undergraduate/beginning
graduate-level courses in probability and statistics.

Contents: Parametric models: The Fisher efficiency; The Bayes and
minimax estimators; Asymptotic minimaxity; Some irregular
statistical experiments; Change-point problem; Sequential
estimators; Linear parametric regression; Nonparametric
regression: Estimation in nonparametric regression; Local
polynomial approximation of regression function; Estimation of
regression in global norms; Estimation by splines; Asymptotic
optimality in global norms; Estimation in nonparametric
models: Estimation of functionals; Dimension and structure

in nonparametric regression; Adaptive estimation; Testing of
nonparametric hypotheses; Bibliography; Index of notation; Index.

Graduate Studies in Mathematics, Volume 119
February 2011, approximately 243 pages, Hardcover, ISBN:
978-0-8218-5283-5, LC 2010037408, 2010 Mathematics Subject

Classification: 62F12, 62G08; 62F10, 62G05, 62G10, 62G20, AMS
members US$50.40, List US$§63, Order code GSM/119
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New AMS-Distributed Publications

New AMS-Distributed
Publications

Algebra and Algebraic
Geometry

Ulrich Grtz | Torsten Wedhorn
Algebraic
Geometry I

Algebraic Geometry I

Schemes. With Examples
and Exercises

Ulrich Gortz, University of Bonn,
Germany, and Torsten Wedhorn,
University of Paderborn,
Germany

This book introduces the reader to
modern algebraic geometry. It presents
Grothendieck’s technically demanding language of schemes that is
the basis of the most important developments in the last fifty years
within this area. A systematic treatment and motivation of the
theory is emphasized, using concrete examples to illustrate its
usefulness. The two example classes of Hilbert modular surfaces
and determinantal varieties are used methodically to discuss the
covered techniques. For the reader the further development of the
theory yields a better understanding of these fascinating objects.

The text is complemented by many exercises that serve to enhance
comprehension, treat additional examples, or give an outlook on
further results. This book, the first of two volumes, serves as an
introductory volume on schemes. The second volume concerns the
cohomology of schemes.

Volume I requires only basic knowledge in abstract algebra and
topology. Essential facts from commutative algebra are assembled
in an appendix.

A publication of Vieweg Verlag. The AMS is exclusive distributor in
North America. Vieweg Verlag Publications are available worldwide
from the AMS outside of Germany, Switzerland, Austria, and Japan.
Contents: Prevarieties; Spectrum of a ring; Schemes; Fiber
products; Schemes over fields; Local properties of schemes;
Quasi-coherent modules; Representable functors; Separated
morphisms; Finiteness conditions; Vector bundles; Affine and
proper morphisms; Projective morphisms; Flat morphisms and
dimension; One-dimensional schemes; Examples.

Vieweg Advanced Lectures in Mathematics

June 2010, 615 pages, Softcover, ISBN: 978-3-8348-0676-5, AMS
members US$81.90, List US§91, Order code VWALM/12

JANUARY 2011

Algebraic Geometry in
East Asia (Seoul, 2008)

JongHae Keum, Korea Institute
for Advanced Study, Seoul,
Korea, Shigeyuki Kondo, Nagoya
University, Japan, and Kazuhiro
Konno and Keiji Oguiso, Osaka
University, Japan, Editors

The international conference “Algebraic
Geometry in East Asia, III” was held at the Korea Institute for
Advanced Study in Seoul, Korea in November 2008. The 21 invited
lectures (including four lectures by Europeans and Americans) were
presented at the conference.

This volume consists of three survey articles and 10 research
articles. The papers explore a wide variety of topics, including
algebraic surfaces, Fano varieties, variety of general type, bundles,
Cremona groups, Mordell-Weil groups, fundamental group scheme,
and quantum rings.

Published for the Mathematical Society of Japan by Kinokuniya,
Tokyo, and distributed worldwide, except in Japan, by the AMS.

Contents: Survey Articles: 1. V. Dolgachev, Finite subgroups of the
plane Cremona group; M. Schiitt and T. Shioda, Elliptic surfaces;
X. Sun, Frobenius morphism and semi-stable bundles; Research
Articles: J.-X. Cai, Automorphisms of an irregular surface with
low slope acting trivially in cohomology; J. -C. Chen, On Fano
varieties with large pseudo-index; M. Chen, On pluricanonical
systems of algebraic varieties of general type; H. Esnault and P. H.
Hai, Two small remarks on Nori fundamental group scheme;

J. Keum, Projective surfaces with many nodes; Y. Lee, Complex
structure on the rational blowdown of sections in E(4); H. -W. Lin,
Quantum invariance under P! flops of type (k + 2, k); N. Nakayama,
Separable endomorphisms of surfaces in positive characteristic;
K. Oguiso, The third smallest Salem number in automorphisms
of K3 surfaces; I. Shimada, Topology of curves on a surface and
lattice-theoretic invariants of coverings of the surface.

Advanced Studies in Pure Mathematics, Volume 60

September 2010, 382 pages, Hardcover, ISBN: 978-4-931469-63-1,
2010 Mathematics Subject Classification: 14-06; 14E07, 14J27,
06B05,11G05,11G07,11G50,14J20,14J50, 14E30, 14E05, 14E25,
14L15,14J17,14J29,14J10, 53D05, 14N35, 53D45, 14J26, 14]28,
14H50, 14E20, 14]J60, AMS members US$53.60, List US$67, Order
code ASPM/60
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New AMS-Distributed Publications

Matide Marcoli | Deepak Parashar (Eds)

Quantum Groups
and Noncommutative
Spaces

Perspectives on Quantum Geometry.

Quantum Groups
and Noncommutative
Spaces

Perspectives on Quantum
Geometry

Matilde Marcolli, California
Institute of Technology, Pasadena,
CA, and Deepak Parashar,
University of Cambridge, UK,
Editors

This book aims to present different
methods and perspectives in the theory of quantum groups and to
provide a bridge between the algebraic, representation-theoretic,
analytic, and differential-geometric approaches. It also covers
recent developments in noncommutative geometry which have
close relations to quantization and quantum group symmetries.
The volume includes surveys by experts. The surveys originated
from an activity at the Max Planck Institute for Mathematics in Bonn.

A publication of Vieweg Verlag. The AMS is exclusive distributor in
North America. Vieweg Verlag Publications are available worldwide
from the AMS outside of Germany, Switzerland, Austria, and Japan.

Contents: Contributions by Tomasz Brzezinski, Branimir Cacic,
Rita Fioresi, Rita Fioresi and Fabio Gavarini, Debashish Goswami,
Christian Kassel, Avijit Mukherjee, Alfons Van Daele, Robert
Wisbauer, and Alessandro Zampini.

Vieweg Aspects of Mathematics, Volume 40

September 2010, 240 pages, Hardcover, ISBN: 978-3-8348-1442-5,
2010 Mathematics Subject Classification: 17B37, 58B32, 20G42,
16T05, 19D55, 81T75, AMS members US$67.50, List US$75, Order
code VWAM/40

Motivic Aspects of
Hodge Theory

Chris Peters, Université Grenoble
I, St. Martin d’Heres, France

Motivic Aspects
of Hodge Theory

These notes are based on a series of
lectures given at the Tata Institute of
Fundamental Research, Mumbai, in 2007,
on the theme of Hodge theoretic motives
Narosa associated to various geometric objects.
Starting with the topological setting, the
notes go on to Hodge theory and mixed
Hodge theory on the cohomology of varieties. Degenerations,
limiting mixed Hodge structures and the relation to singularities
are addressed next. The original proof of Bittner’s theorem on
the Grothendieck group of varieties, with some applications, is
presented as an appendix to one of the chapters.

Chris Peters

The situation of relative varieties is addressed next using the
machinery of mixed Hodge modules. Chern classes for singular
varieties are explained in the motivic setting using Bittner’s
approach, and their full functorial meaning is made apparent using
mixed Hodge modules.

An appendix explains the treatment of Hodge characteristic in
relation with motivic integration and string theory. Throughout
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these notes, emphasis is placed on explaining concepts and giving
examples.

A publication of the Tata Institute of Fundamental Research.
Distributed worldwide except in India, Bangladesh, Bhutan,
Maldavis, Nepal, Pakistan, and Sri Lanka.

Contents: Motives and topology; The Hodge characteristic makes
its appearance; The Hodge characteristic: examples; Hodge theory
revisited; Mixed Hodge theory; Motivic Hodge theory; Motivic
aspects of degenerations; Motivic nearby fibre: examples; Motivic
aspects of degenerations: Applications; Motives in the relative
setting: Topological aspects; Variations of Hodge structure; Hodge
modules; Motives in the relative setting: Mixed Hodge modules; The
motivic Chern class transformation; Bibliography; Index.

Tata Institute of Fundamental Research

April 2010, 141 pages, Softcover, ISBN: 978-81-8487-012-1, 2010
Mathematics Subject Classification: 14C30, 14D07, 32535, 32520,
32560; 34M50, 32C38, 19E15, AMS members US$32, List US$40,
Order code TIFR/15

Fixed Point Theory
and Trace for
Bicategories

Kate Ponto, University of Notre
Dame, IN

ASTERISQUE

FIXED POINT THEORY AND
TRACE FOR BICATEGORIES

Kate Ponto

The Lefschetz fixed point theorem follows
easily from the identification of the
Lefschetz number with the fixed point
index. This identification is a consequence
of the functoriality of the trace in
symmetric monoidal categories. There are refinements of the
Lefschetz number and the fixed point index that give a converse
to the Lefschetz fixed point theorem. An important part of this
theorem is the identification of these different invariants.

The author defines a generalization of the trace in symmetric
monoidal categories to a trace in bicategories with shadows. She
shows the invariants used in the converse of the Lefschetz fixed
point theorem are examples of this trace and that the functoriality
of the trace provides some of the necessary identifications. The
methods used here do not use simplicial techniques and so
generalize readily to other contexts.

A publication of the Société Mathématique de France, Marseilles
(SME), distributed by the AMS in the U.S., Canada, and Mexico.
Orders from other countries should be sent to the SMF. Members of
the SMF receive a 30% discount from list.

Contents: A review of fixed point theory; The converse to the
Lefschetz fixed point theorem; Topological duality and fixed point
theory; Why bicategories?; Duality for parametrized modules;
Classical fixed point theory; Duality for fiberwise parametrized
modules; Fiberwise fixed point theory; A review of bicategory
theory; Index; Index of notation; Bibliography.
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Individual member US$40.50, List US$45, Order code AST/333
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New AMS-Distributed Publications

Differential Equations

Creation of Fermions
by Rotating Charged
Black Holes

Dietrich Hifner, Université
Bordeaux 1, Talence, France

Numéro 117 CREATION OF FERMIONS
Nouvelle série BY ROTATING CHARGED
BLACK HOLES

This work is devoted to the mathematical
study of the Hawking effect for fermions
in the setting of the collapse of arotating
charged star. The author shows that an
observer who is located far away from the
star and at rest with respect to the Boyer-Lindquist coordinates
observes the emergence of a thermal state when his proper time
goes to infinity.

Dietrich HAFNER

The author first introduces a model of the collapse of the star.
He supposes that the space-time outside the star is given by the
Kerr-Newman metric. The assumptions on the asymptotic behavior
of the surface of the star are inspired by the asymptotic behavior of
certain timelike geodesics in the Kerr-Newman metric. The Dirac
equation is then written using coordinates and a Newman-Penrose
tetrad, which are adapted to the collapse. This coordinate system
and tetrad are based on the so-called simple null geodesics. The
quantization of Dirac fields in a globally hyperbolic space-time is
described.

The author formulates and proves a theorem about the Hawking
effect in this setting. The proof of the theorem contains a minimal
velocity estimate for Dirac fields that is slightly stronger than the
usual ones and an existence and uniqueness result for solutions of a
characteristic Cauchy problem for Dirac fields in the Kerr-Newman
space-time. In an appendix the author constructs explicitly a
Penrose compactification of block I of the Kerr-Newman space-time
based on simple null geodesics.

This item will also be of interest to those working in geometry and
topology.

A publication of the Société Mathématique de France, Marseilles
(SMEF), distributed by the AMS in the U.S., Canada, and Mexico.
Orders from other countries should be sent to the SMF. Members of
the SMF receive a 30% discount from list.

Contents: Introduction; Strategy of the proof and organization
of the article; The model of the collapsing star; Classical Dirac
fields; Dirac quantum fields; Additional scattering results; The
characteristic Cauchy problem; Reductions; Comparison of the
dynamics; Propagation of singularities; Proof of the main theorem;
Bibliography.

Mémoires de la Société Mathématique de France, Number 117

October 2010, 158 pages, Softcover, ISBN: 978-2-85629-284-6, 2010
Mathematics Subject Classification: 35P25, 35Q75, 58J45, 83C47,
83C57, 83C60, Individual member US$37.80, List US$42, Order
code SMFMEM/117
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The AMS Book and Journal Donation Program
matches donors with academic institutions in

countries that have a crucial need for research-level
publications to support their mathematics programs.
Potential donors are invited to contact the AMS
with information about books and primary research (L_ 5
journals that they are willing to donate to those

libraries. (Please note that textbooks and the Notices
or Bulletin are not candidates for this program.)

Suitable publications are used to fill existing inquiries,
or are listed on our website as an invitation for libraries

to request the items. Under this program, donations are
shipped not to the AMS but directly to the receiving
institutions, and the Society reimburses donors for
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shipping costs.
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For more information, see

[www.ams.org/programs/donations|
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Positions available, items for sale, services available, and more

CALIFORNIA

prints

(6) Selected reprints and/or pre-

math, applied math and statistics to begin
August 1, 2011. A Ph.D. (or completion by

UNIVERSITY OF CALIFORNIA, IRVINE
Department of Mathematics
Irvine, CA 92697-3875
Job #5096-Assistant Professor-level
positions
in mathematics

The Department of Mathematics at the
University of California, Irvine, is seek-
ing outstanding candidates to fill one or
more (pending budgetary considerations)
tenure-track positions to start July 1,
2011. The positions may be upgraded
to a tenured position for extraordinarily
strong candidates. Applicants must hold
a Ph.D. and should have demonstrated
excellence in research and teaching. We
encourage applications from any area in
pure and applied mathematics. The level
of appointment will be commensurate
with qualifications and experience. Ap-
plications are welcome at any time. The
review process starts December 1, 2010,
and will continue until positions are filled.
Completed applications must be sub-

mitted electronically and must contain:

(1) AMS cover sheet

(2) Curriculum Vitae

(3) Cover letter

(4) Research statement

(5) Teaching statement

(7) Three reference letters sent elec-
tronically through:
[mathjobs.org, or

emailed to: recruit@math.uci.edu.
Reference Job #5096 in subject

line of all correspondence.

Instructions for the electronic application
process_can be found at:
Indicate your area of mathematical
specialization in field labeled “Area of
Specialization” for example: “Applied &
Computational Mathematics”.

UCI is an Equal Opportunity Employer
committed to excellence through diversity
and strongly encourages applications
from all qualified applicants, including

women and minorities.
000011

date of appointment) in mathematics, sta-
tistics, or a related field, as well as a dem-
onstrated potential for excellence in re-
search and in teaching are required. Rank
and salary will be commensurate with
qualifications. For more detailed informa-
tion, as well as minimum qualifications,

see: |http://www.math.iupui.edu/
Apply online at: mathjobs.
org. A complete application must includ
e: letter of interest, curriculum vitae, state-
ments of research and teaching philoso-
phy, and three letters of recommendation.
Screening of completed applications will
begin on November 30, 2010, and will
continue until all approved positions
are filled. IUPUI is an EEO/AA Employer,
M/E/D.

000012

INDIANA

KANSAS

INDIANA UNIVERSITY PURDUE
UNIVERSITY INDIANAPOLIS
Tenure-Track Positions in
Mathematics and Statistics

The TUPUI Department of Mathematical
Sciences invites applications for several
tenure-track faculty positions in pure

KANSAS STATE UNIVERSITY
Department of Mathematics

Applications are invited for a Visiting
Assistant Professorship commencing
August 7, 2011. These will be annual
appointments with the possibility of
two subsequent one-year appointments

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 2010 rate is $3.25 per word. No discounts for multiple ads or
the same ad in consecutive issues. For an additional $10 charge, an-
nouncements 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: February
2011 issue-November 29, 2010; March 2011 issue-December 28, 2010;
April 2011 issue-January 30, 2011; May 2011 issue-February 28 2011;

JAaNuARrY 2011

June/July 2011 issue-April 28, 2011; August 2011 issue-May 27, 2010.
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 U.S. 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 U.S. laws. Details and specific
wording may be found on page 1373 (vol. 44).

Situations wanted advertisements from involuntarily unemployed math-
ematicians are accepted under certain conditions for free publication. Call
toll-free 800-321-4AMS (321-4267) in the U.S. and Canada or 401-455-4084
worldwide for further information.

Submission: Promotions Department, AMS, P.O. Box 6248, Providence,
Rhode Island 02940; 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 20904. Advertisers will be
billed upon publication.
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depending on performance, funding, and
need of services. A Ph.D. in mathematics
or a Ph.D. dissertation accepted with only
formalities to be completed is required by
the time of appointment. The department
seeks candidates whose research interests
mesh well with current faculty. The de-
partment has research groups in algebra,
analysis, differential equations, geometry/
topology, and number theory. Successful
candidates are expected to participate in
the department’s programs integrating
undergraduate and graduate research,
including mentoring undergraduate stu-
dents during summer programs. The
successful candidate should have strong
research credentials as well as strong ac-
complishments or promise in teaching,
and should value working with colleagues
and students from diverse backgrounds.
Applicants must submit the following: A
letter of application, curriculum vita, out-
line of teaching philosophy, a statement
of research objectives, and four letters
of reference, at least one of which ad-
dresses the applicant’s teaching ability or
potential. All application materials must
be submitted electronically via:(http://
[www.mathjobs.orgl Screening of applica-
tions begins December 1, 2010, and con-
tinues until positions are closed. Kansas
State University is an Equal Opportunity
Employer and actively seeks diversity
among its employees and encourages ap-
plications from women and minorities. A
background check is required.

000002

and minorities. A background check is
required.
000003

KANSAS STATE UNIVERSITY
Department of Mathematics

Applications are invited for a tenure-track
assistant professor position to commence
August 7, 2011, with salary commen-
surate with qualifications. A Ph.D. in
mathematics is required. The department
seeks candidates whose research interests
are in geometry. The successful candidate
should have strong research credentials as
well as strong accomplishment or promise
in teaching, should demonstrate a strong
commitment to mentoring students, and
should value working with colleagues
and students from diverse backgrounds.
Applicants must submit the following: a
letter of application, curriculum vita, out-
line of teaching philosophy, a statement
of research objectives, and four letters of
reference, at least one of which addresses
the applicant’s teaching ability and po-
tential. All application materials must

be submitted electronically via:

www.mathjobs.orgl Screening begins
November 8, 2010, and continues until the
position is closed. Kansas State University
is an Equal Opportunity Employer and ac-
tively seeks diversity among its employees
and encourages applications from women
and minorities. A background check is
required.

000004

KANSAS STATE UNIVERSITY
Department of Mathematics

Applications are invited for a tenure-track
assistant professor position to commence
August 7, 2011, with salary commen-
surate with qualifications. A Ph.D. in
mathematics is required and preference
will be given to candidates with some
postdoctoral experience. The department
seeks candidates whose research interests
are in mathematics and its applications.
The successful candidate should have
strong research credentials as well as
strong accomplishment or promise in
teaching, should demonstrate a strong
commitment to mentoring students, and
should value working with colleagues
and students from diverse backgrounds.
Applicants must submit the following: a
letter of application, curriculum vita, out-
line of teaching philosophy, a statement
of research objectives, and four letters of
reference, at least one of which addresses
the applicant’s teaching ability and po-
tential. All application materials must
be submitted electronically via:[http: //
|www.mathjobs.orgl Screening begins
November 1, 2010, and continues until the
position is closed. Kansas State University
is an Equal Opportunity Employer and ac-
tively seeks diversity among its employees
and encourages applications from women

94

UNIVERSITY OF KANSAS
Department of Mathematics
Assistant Professor

Applications are invited for a tenure-track
assistant professor position in Fourier
analysis or differential equations/dynami-
cal systems expected to begin as early as
August 18, 2011. Ph.D. or ABD in math or
arelated field is expected by the start date
of the appointment; commitment to ex-
cellence in teaching in mathematics; and
commitment to excellence in research.
Apply online at: |http://jobs.ku.edu,
search for position 00002070. Review of
applications will begin on November 15,
2010, and continues as long as needed to
identify a qualified pool. EO/AA Employer.

000005

UNIVERSITY OF KANSAS
Department of Mathematics

Applications are invited for the Robert
D. Adams Visiting Assistant Professor
positions expected to begin as early as
August 18, 2011. These are term posi-
tions, initially for one academic year and
renewable for a second year with the
expectation that one additional one-year
appointment is possible. Preference will
be given to candidates in differential

NOTICES OF THE AMS

equations/dynamical systems, numerical
analysis and commutative algebra/alge-
braic geometry. Ph.D. or ABD in math or a
related field is expected by the start date
of the appointment; commitment to ex-
cellence in teaching in mathematics; and
commitment to excellence in research.
Apply online at:|http://jobs.ku.edu
search for position 00002891. Review of
applications will begin on November 15,
2010, and continues as long as needed to
identify a qualified pool. EO/AA Employer.

000006

MASSACHUSETTS

UNIVERSITY OF MASSACHUSETTS
AMHERST
Department of Mathematics and
Statistics

The Department of Mathematics and Sta-
tistics (http://www.math.umass.edu)
invites applications for three-year visiting
assistant professor/lecturer positions
(non-tenure-track) to start September 1,
2011. Candidates should have completed
the Ph.D. by the beginning of the appoint-
ment. Exceptional promise in research and
a commitment to outstanding teaching at
all levels of the curriculum are expected.
The search will encompass the following
areas: algebra and number theory, alge-
braic geometry, analysis and partial dif-
ferential equations, applied and computa-
tional mathematics, differential geometry
and topology, mathematical physics, prob-
ability, representation theory and Lie
theory, and statistics. Applications should
be submitted electronically through the
AMS website:[http://MathJobs.ord.
Alternatively, applicants may send a cur-
riculum vitae and research and teaching
statements, and arrange to have three
letters of recommendation sent, to: Search
Committee, Department of Mathematics
and Statistics, Lederle Graduate Research
Center, 710 North Pleasant St., Amherst,
MA 01003-9305. Review of applications
will begin January 18, 2011. Applications
will continue to be accepted until all posi-
tions are filled. The department is com-
mitted to the development of a diverse
faculty, student body, and workplace;
women and members of minority groups
are encouraged to apply. The University of
Massachusetts is an Affirmative Action/
Equal Opportunity Employer.

000013

MICHIGAN

WAYNE STATE UNIVERSITY
Department of Mathematics

Tenure-track position for fall 2011 in alge-
bra, but exceptional candidates from any
area of mathematics are welcome to apply.
Applications should include a signed,
detailed vita, description of current
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research interests, and four letters of
recommendation, one of which should
address teaching.

There is also a possibility of a visiting
position for the 2011-2012 academic year.

The position is posted at:[http:/7/]
E’obs .waZne . eduL Applicants must apply
online through this website. For further
information, please consult the depart-
ment’s website, [http://www.math.]|
[wayne.edy.

Wayne State University is an Equal Op-

portunity/Affirmative Action Employer.
000001

MINNESOTA

UNIVERSITY OF MINNESOTA
School of Mathematics

The School of Mathematics of the Univer-
sity of Minnesota is seeking outstanding
candidates for 2-4 tenured or tenure-track
faculty positions starting fall semester
2011. Candidates should have a Ph.D. or
equivalent degree in mathematics or a
closely related field and excellent records
in both research and teaching.

For full consideration, applications and
all supporting materials must be submit-
ted electronically through:[http://www.]|
[mathjobs.orgJby January 1, 2011. Appli-
cations received after the deadline will be

considered as positions remain.

Applicants must include the following:
Cover letter, Curriculum vitae, at least 4
letters of recommendation, one of which
should address teaching ability, and a re-
search and teaching statement. Reference
letter writers should be asked to submit
their letters on line through:
If they are unable to do so,
they may send their letters to the above
mentioned address. In addition to your
MathJobs application, the University of
Minnesota requires all applicants to reg-
ister at the website:|nttp://employment.|
[umn~ edd. At this site you should first click
on the link “Search Positions”. Enter Req-
uisition Number 169056 for tenure-track
positions and 169055 for tenured posi-
tions. When the job listing appears click
the “View” link in the Position Title field
and then the button “Apply for this Post-
ing”. At this point you will be prompted
to “Fill out a new Application”.

In your application, you should enter
your name and optional demographic
information. It is not necessary to fill out
your complete contact information or to
submit your other application material
to this site.

The University of Minnesota is an Equal
Opportunity Employer/Educator.

000015
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NEW JERSEY

RUTGERS UNIVERSITY-CAMDEN
Department of Mathematical Sciences

The Department of Mathematical Sciences
at Rutgers University-Camden invites
applications for a tenure-track position
at the assistant professor level. Candi-
dates with strong background in analysis
and an established research record are
encouraged to apply. The department
is particularly interested in applicants
whose research activities are related to
the current faculty research areas such
as differential equations, dynamical sys-
tems, stochastic processes, and geometric
control theory. The appointee should
have a good potential to interact with our
Center for Computational and Integra-
tive Biology and its newly established
Ph.D. program. Appointment is effective
July 1, 2011. Application material, which
must include a current vita, a statement of
research plan, and at least three letters of
recommendation should be sent to: Search
Committee, Department of Mathematical
Sciences, Rutgers University, Camden,
NJ 08102. Rutgers University is an Equal
Opportunity Employer. Qualified women
and minority group members are urged
to apply.

000116

OHIO

CASE WESTERN RESERVE UNIVERSITY
Department of Mathematics

The Department of Mathematics at Case
Western Reserve University anticipates at
least one new tenure-track position (rank
open, junior preferred). Applications are
encouraged from any area of applied,
computational, or interdisciplinary math-
ematics. Preference will be given to candi-
dates whose research areas will augment
and broaden one or more of the applied
research groups active in the department,
which include imaging, life sciences, prob-
ability and its applications, and scientific
computing. Demonstrated excellence in
teaching and a strong research record is
required for consideration at the rank of
associate professor. A strong record in
mentoring and leadership is required for
consideration at the rank of professor. All
candidates should hold a Ph.D. in math-
ematics or a related field by the time of
appointment, have demonstrated teach-
ing experience, and a publication record
appropriate to rank. The normal teaching
load is two courses per semester.
Candidates should submit a letter of
application, curriculum vitae, a statement
of teaching philosophy and experience,
evidence of teaching excellence, and a
statement of current and future research
plans. In addition, they should arrange
for three letters of recommendation
to be submitted directly by writers. All

NOTICES OF THE AMS

application materials should be submitted
electronically through the AMS website
mathjobs.org or mailed to:

Faculty Search

Department of Mathematics

Case Western Reserve University

10900 Euclid Avenue

Cleveland, OH 44106-7058

More detailed information regarding the
department may be found on our website:
|http://www.cwru.edu/artsci/math/.

In employment, as in education, Case
Western Reserve University is commit-
ted to Equal Opportunity and Diversity.
Women, veterans, members of underrep-
resented minority groups, and individuals
with disabilities are encouraged to apply.
Case Western Reserve University is sup-
portive of the needs of dual career couples
and is an Equal Opportunity /Affirmative
Action Employer. Application will be re-
viewed upon arrival. Applications received
by December 15, 2010, will be given full
consideration.

Case Western Reserve University is
located in the University Circle cultural
district of Cleveland Ohio, home of the
internationally famous Cleveland Or-
chestra, the Cleveland Museum of Art,
the Cleveland Institute of Music, and the
Cleveland Institute of Art. Within a five-
mile radius of campus are the nation’s
second largest theater district, multiple
professional sports teams, a wide range
of musical, artistic, and culinary venues,
and numerous, diverse communities in
which to live.

Items to be submitted with the applica-
tion:

- AMS Cover Sheet

- Curriculum Vitae

- Publication List

- Research Statement

- Teaching Statement

- 3 Reference Letters (submitted di-
rectly by writers)

000008

CASE WESTERN RESERVE UNIVERSITY
Department of Mathematics

The Department of Mathematics at Case
Western Reserve University anticipates at
least one new tenure-track position (rank
open, junior preferred). Applications are
encouraged in all areas of mathematics;
applicants whose areas of research will
augment and broaden the department’s
strengths are particularly encouraged.
Currently active areas of research in the
department include algebra, analysis, ge-
ometry and probability. Demonstrated ex-
cellence in teaching and a strong research
record is required for consideration at
the rank of associate professor. A strong
record in mentoring and leadership is
required for consideration at the rank
of professor. All candidates should hold
a Ph.D. in mathematics by the time of
appointment, have demonstrated teach-
ing experience, and a publication record
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appropriate to rank. The normal teaching
load is two courses per semester.
Candidates should submit a letter of

application, curriculum vitae, a statement
of teaching philosophy and experience,
evidence of teaching excellence, and a
statement of current and future research
plans. In addition, they should arrange
for three letters of recommendation to
be submitted directly by writers. All ap-
plication materials should be submitted
electronically through the AMS website
mathjobs.org or mailed to:

Faculty Search

Department of Mathematics

Case Western Reserve University

10900 Euclid Avenue

Cleveland, OH 44106-7058

More detailed information regarding the
department may be found on the website:
lhttp://www.cwru.edu/artsci/math/|.

In employment, as in education, Case
Western Reserve University is commit-
ted to Equal Opportunity and Diversity.
Women, veterans, members of underrep-
resented minority groups, and individuals
with disabilities are encouraged to apply.
Case Western Reserve University is sup-
portive of the needs of dual career couples
and is an Equal Opportunity /Affirmative
Action Employer. Applications will be re-
viewed upon arrival. Applications received
by December 15, 2010, will be given full
consideration.

Case Western Reserve University is
located in the University Circle cultural
district of Cleveland Ohio, home of the
internationally famous Cleveland Or-
chestra, the Cleveland Museum of Art,
the Cleveland Institute of Music, and the
Cleveland Institute of Art. Within a five-
mile radius of campus are the nation’s
second largest theater district, multiple
professional sports teams, a wide range
of musical, artistic, and culinary venues,
and numerous, diverse communities in
which to live.

Items to be submitted with the applica-
tion:

- AMS Cover Sheet

- Curriculum Vitae

- Publication List

- Research Statement

- Teaching Statement

- 3 Reference Letters (submitted di-
rectly by writers)

000009

OKLAHOMA

UNIVERSITY OF CENTRAL OKLAHOMA
John T. Beresford Endowed Chair
in Mathematics & Statistics

The University of Central Oklahoma in-
vites applications for a tenure-track assis-
tant professor in pure or applied mathe-
matics starting August 8, 2011: the John T.
Beresford Endowed Chair in Mathematics
& Statistics. Duties include teaching day/
evening classes, graduate/undergraduate

96

courses, scholarly activities, and service.
In particular, the successful applicant will
be expected to engage in teaching and
research in an area of mathematics that
supports the computer science discipline.
Representatives from the Personnel Com-
mittee will be attending the Joint Meetings
in January. Applicants must be eligible
to work in the United State Q_app

submit materials online to
luco.edd UCO is AA/EOE. UCO strongly

promotes diversity.
000007

CHINA

EAST CHINA NORMAL UNIVERSITY
Center for Partial Differential Equations
Applicants for Postdoctoral Positions

The successful candidates are expected to
be young researchers with Ph.D. degrees
in mathematics or related areas, with a
strong research record in at least one of
the following areas: analysis/computa-
tion/modeling. More information about
the positions as well as the introduction

This recently established position has the
duration of 4-5 years.

Application for regular (resp. post-
doctoral and Research Scholar) positions
completed by Jan. 15, 2011 (resp. May 31,
2011) will be given full considerations.

Interested applicants should have the
following materials

1. curriculum vitae

2. doctoral degree certificate

3. description of research

4. copies of representative publications

5. three letters of reference

either sent to

The Chairman
The Hiring Committee
Institute of Mathematics
Academia Sinica
6F, Astronomy-Mathematics Building
No.1, Sec. 4, Roosevelt Rd.
Taipei 10617, Taiwan
or input to the site: |http:
sinica.edu.tw/applican

For any questions on applications,
please contact: personnel@math.
sinica.edu.tw.

For general information about the Inst.,
please see:[http://www.math.sinica.|

www.math.

of the Center are available at: [http://]
laspx71d=31
000111

CYPRUS

UNIVERSITY OF CYPRUS
Department of Mathematics and
Statistics

The Department invites applications for
one position in algebra or geometry at
the rank of lecturer or assistant profes-
sor. The language of instruction at the
department is Greek. The deadline for

applications is February 14, 2011. For
more information, see:
lac.cy/goto/mathstatistics/en-US/|
[HOME . aspx}

000014

TAIWAN

ACADEMIASINICA
Institute of Mathematics
Taiwan, R.O.C.

The Institute of Mathematics, Academia
Sinica is entrusted to promote math-
ematical research. The Institute strives to
become a national center of mathematical
sciences in Taiwan, as well as an interna-
tional mathematical institute. Mathemati-
cal researchers are welcome to apply for
regular positions as well as 2011-2012
post-doctoral positions.

There is also the Institute of Mathemat-
ics Research Scholar position for young
Ph.D. with exceptional research potential.
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edu. tw

000016

NATIONAL TSING HUA UNIVERSITY
Department of Mathematics

The Department of Mathematics at Na-
tional Tsing Hua University of Taiwan
invites applications for all levels of faculty
positions in pure and applied mathemat-
ics. Applications received by January 1,
2011, are given full consideration, but all
applications are considered until posi-
tions are filled. Send signed cover letter,
CV, research statement, three letters of
recommendation, copies of publications
to: Chairman, Department of Mathemat-
ics, National Tsing Hua University, 101
Kuang Fu Road, Hsinchu 300, Taiwan.
For more information, visit our webpage:
|http://www.math.nthu.edu.tw

000120
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The AMS Bookstore

www.ams.org/bookstore

.ams.org/bookstore

Where you can ...

° Get the best deals on AMS titles
* Special Member Pricing — up to 20% off

¢ » Online sales every month — discounts up to 75%

° Browse new and forthcoming
books from the AMS

* View the Table of Contents
* Read a sample chapter

 + Visit the author’s supple-
: mentary material page

: » Browse the “What’s New”
. section for upcoming titles

i o Find the right textbook
TEXTBOOKS | :
R ; for your course
* Textbook titles sorted by subject area

» Specifically designed for undergraduate or
:  graduate courses

SAVE MONEY!

SAVE TIME! GO 1o the

STAY INFORMED! .
AMS Online Bookstore
www.ams.org/bookstore
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Callfor Conterence Proposals
2012 MRC Conferences

Mentoring strong, eager students in small groups is one of the most rewarding things we do.
Imagine the opportunity to choose a group of advanced graduate students and beginning postdocs
in your field, from around the country, and spend an intense week getting to know them and helping
them learn some new and valuable elements of your field.

— David Eisenbud, Chair, MRC Advisory Board.

The American Mathematical Society (AMS) invites
individuals and groups of individuals to serve as
organizers of summer conferences of the Math-
ematics Research Communities (MRC) program to
be held in Snowbird, Utah, in the summer of 2012.
The MRC program is funded by a grant from the
National Science Foundation.

About the Mathematics Research
Communities program

Mathematics Research Communities, a program
of the American Mathematical Society, nurtures
early-career mathematicians—those who are close
to finishing their doctorate or have recently fin-
ished—and provides them with opportunities to
build social and collaborative networks through
which they can inspire and sustain each other in
their work.

The structured program is designed to engage
and guide all participants as they start their ca-
reers. The program includes a one-week summer
conference for each topic, Special Sessions at the
national meeting, discussion networks by research
topic, and a longitudinal study of early career
mathematicians.

Those accepted into this program will be fully
supported for the summer conference, and will
be partially supported for their participation in
the following Joint Mathematics Meetings. The
summer conferences of the MRC are held in the
breathtaking mountain setting of the Snowbird Re-
sort, Utah, where participants can enjoy the natural
beauty and a collegial atmosphere. The MRC pro-
gram is open to individuals who are United States
citizens as well as to those who are affiliated with
U.S. institutions. Women and underrepresented
minorities are especially encouraged to participate.

The Division of Meetings and Professional
Services of the AMS coordinates the Mathematics
Research Communities program, and supports
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organizers throughout the entire program. Ques-
tions about the overall MRC program should be
addressed to Ellen J. Maycock, associate executive
director, at ejm@ams .org or 401-455-4101.

Summer Conferences

The American Mathematical Society’s Meetings and
Conferences staff members arrange all the logistics
of the summer conferences for the Mathematics
Research Communities program. This adminis-
trative support allows organizers to focus almost
exclusively on providing a high-quality scientific
program and enables both organizers and partici-
pants to concentrate on the conference and take
advantage of the services, venue, and surrounding
attractions. The AMS Meetings and Conferences
Department provides general information and de-
tails online at www . ams .org/amsmtgs/mrc.htmT.

The dates for the MRC conferences in sum-
mer 2012 are June 10-16, June 17-23, and June
24-30. The program pays for air transportation
for all participants and organizers, up to US$630
in 2012, transportation by van from the Salt Lake
City airport to the resort and back, as well as room
and board for the stay at Snowbird. Each organizer
receives an honorarium of US$3,000. Addition-
ally, each organizing committee has the option of
choosing a graduate student to assist with work be-
fore and during the conference, for an honorarium
of US$3,000. Young mathematicians should apply
to be participants in the MRC program by March 1,
2012. The organizers of each summer conference
choose among these applicants during the month
of March, 2012, paying special attention to creat-
ing a diverse group of participants. Although the
main emphasis of the summer conferences is the
scientific program, it is important for the orga-
nizers to spend time with participants discussing
professional development topics, such as the job
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search, writing grant proposals, giving talks, and
other activities.

How to Submit a Proposal

Members of the MRC Advisory Board and AMS staff
members are pleased to provide guidance on the
preparation of proposals.

Proposals:

The MRC Advisory Board encourages individuals
to submit inquiries to ensure sufficient time for
feedback. Proposals need to include the following
information:

(1) Organizing Committee members, with names
and addresses (4-5 for a 40-participant conference,
2-3 for a 20-participant conference).

(2) Scientific narrative addressing the focus,
importance and timeliness of the topic, no more
than five (5) pages long.

(3) Organization of the week of the summer
conference.

Preparation and submission guidelines are
available at http://www.ams.org/programs/
research-communities/Guidlines_for_2012_
MRC_proposals_v1l.pdf. The current MRC Advi-
sory Board members are listed at http://www.
ams.org/programs/research-communities/
mrc-contact.

Send inquiries and proposals to:

Mathematics Research Communities
American Mathematical Society

by email: mrc2012@ams.org

bymail: 201 Charles Street, Providence, R1 02904
by fax: 401-455-4004

Dates for 2012 MRCs
June 10-16, June 17-23, June 24-30

Deadlines for 2012 MRCs

Intent to submit proposal: March 1, 2011
Proposals: April 1, 2011

All individuals who submit proposals will be
notified of the decisions before Monday, August 1,
2011.

About Showbird Resort

Situated in a beautiful, breathtaking mountain
setting, Snowbird Resort provides an extraor-
dinary environment for the MRC program. The
atmosphere is comparable to the collegial gather-
ings at Oberwolfach and other conferences that
combine peaceful natural ambience with stimulat-
ing meetings. MRC participants have access to a
range of activities such as a tram ride to the top
of the mountain, walking and hiking trails in the
surrounding mountains, and swimming in heated
outdoor pools. Participants also enjoy the simpler
pleasures of convening on the patios at the resort
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to read, work, and socialize. At the conclusion of
the day’s program colleagues may enjoy informal
gatherings to network and continue discussion of
the day’s sessions over refreshments. Within a half
hour of the University of Utah, Snowbird is easily
accessible from the Salt Lake City International
Airport. For more information about Snowbird
Resort, see www. snowbird. com.

— Ellen J. Maycock Associate Executive Director
Meetings and Professional Services

AMERICAN MATHEMATICAL SOCIETY

A Mathematical
Medley

Fifty Easy Pieces
on Mathematics

George G. Szpiro

A Mathematical Medley

Fifty Easy Pieces on Mathematics

Easy-to-read articles that explain mathematical
problems and research for an audience with little specialized
knowledge of the subject

Order code MBK/73

EEEHH For many more publications of interest,
visit the AMS Bookstore MS
I A

aseocros WWW.ams.org/bookstore] 5

George G. Szpiro, Neue Ziircher Zeituny, Zurich, Switzerland

2010; 236 pages; Softcover; ISBN: 978-0-8218-4928-6; List US$35; AMS members US$28;
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General Information Regarding
Meetings & Conterences of the AMS

Speakers and Organizers: The Council has decreed that no
paper, whether invited or contributed, may be listed in the
program of a meeting of the Society unless an abstract of the
paper has been received in Providence prior to the deadline.

Special Sessions: The number of Special Sessions at an An-
nual Meeting is limited. Special Sessions at annual meetings
are held under the supervision of the Program Committee
for National Meetings and, for sectional meetings, under the
supervision of each Section Program Committee. They are
administered by the associate secretary in charge of that
meeting with staff assistance from the Meetings and
Conferences Department in Providence. (See the list of
associate secretaries on page 223 of this issue.)

Each person selected to give an Invited Address is also
invited to generate a Special Session, either by personally
organizing one or by having it organized by others. Propos-
als to organize a Special Session are sometimes solicited
either by a program committee or by the associate secre-
tary. Other proposals should be submitted to the associate
secretary in charge of that meeting (who is an ex officio
member of the program committee) at the address listed
on page 223. These proposals must be in the hands of the
associate secretary at least seven months (for sectional
meetings) or nine months (for national meetings) prior to
the meeting at which the Special Session is to be held in
order that the committee may consider all the proposals
for Special Sessions simultaneously. Special Sessions must
be announced in the Noticesin a timely fashion so that any
Society member who so wishes may submit an abstract
for consideration for presentation in the Special Session.

Talks in Special Sessions are usually limited to twenty
minutes; however, organizers who wish to allocate more
time to individual speakers may do so within certain limits.
A great many of the papers presented in Special Sessions
at meetings of the Society are invited papers, but any
member of the Society who wishes to do so may submit
an abstract for consideration for presentation in a Special
Session, provided it is submitted to the AMS prior to the
special early deadline for consideration. Contributors
should know that there is a limit to the size of a single
Special Session, so sometimes all places are filled by invi-
tation. Papers submitted for consideration for inclusion
in Special Sessions but not accepted will receive consid-
eration for a contributed paper session, unless specific
instructions to the contrary are given.

The Society reserves the right of first refusal for the pub-
lication of proceedings of any Special Session. If published
by the AMS, these proceedings appear in the book series
Contemporary Mathematics. For more detailed information
on organizing a Special Session, see www.ams.org/
meetings/specialsessionmanual.html.
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Contributed Papers: The Society also accepts abstracts
for ten-minute contributed papers. These abstracts will be
grouped by related Mathematical Reviews subject classifi-
cations into sessions to the extent possible. The title and
author of each paper accepted and the time of presenta-
tion will be listed in the program of the meeting. Although
an individual may present only one ten-minute contributed
paper at a meeting, any combination of joint authorship
may be accepted, provided no individual speaks more than
once. An author may speak by invitation in more than one
Special Session at the same meeting.

Other Sessions: In accordance with policy estab-
lished by the AMS Committee on Meetings and Con-
ferences, mathematicians interested in organizing a
session (for either an annual or a sectional meeting)
on employment opportunities inside or outside aca-
demia for young mathematicians should contact the
associate secretary for the meeting with a proposal by
the stated deadline. Also, potential organizers for poster
sessions on a topic of choice should contact the associate
secretary before the deadline.

Abstracts: Abstracts for all papers must be received
by the meeting coordinator in Providence by the stated
deadline. Unfortunately, late papers cannot be accom-
modated.

Submission Procedures: Visit the Meetings and Confer-
ences homepage on the Web at http://www.ams.org/
meetings and select “Submit an abstract”.

Site Selection for Sectional Meetings

Sectional meeting sites are recommended by the associate
secretary for the section and approved by the Secretariat.
Recommendations are usually made eighteen to twenty-
four months in advance. Host departments supply local
information, ten to fifteen rooms with overhead projec-
tors and a laptop projector for contributed paper sessions
and Special Sessions, an auditorium with twin overhead
projectors and a laptop projector for Invited Addresses,
space for registration activities and an AMS book exhibit,
and registration clerks. The Society partially reimburses
for the rental of facilities and equipment and for staffing
the registration desk. Most host departments volunteer;
to do so, or for more information, contact the associate
secretary for the section.
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of the AMS

issue of the Notices as noted below for each meeting.

IMPORTANT INFORMATION REGARDING MEETINGS PROGRAMS: AMS Sectional Meeting programs donot 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. Seelhttp://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

Pucon, Chile

December 15-18,2010
Wednesday - Saturday

Meeting #1066

First Joint International Meeting between the AMS and the
Sociedad de Matematica de Chile.

Associate secretary: Steven H. Weintraub
Announcement issue of Notices: August 2010

Program first available on AMS website: Not applicable
Program issue of electronic Notices: Not applicable

Issue of Abstracts: Not applicable

Deadlines

For organizers: Expired

For consideration of contributed papers in Special Ses-
sions: To be announced

For abstracts: Expired

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

AMS Invited Addresses

Ricardo Baeza, Universidad de Talca, Chile, p-cohomo-
logical dimension of fields of characteristic p.

Igor Dolgachev, University of Michigan, Cremona
groups and their subgroups.

Andres Navas, Universidad de Santiago de Chile,
Probabilistic, dynamical and topological aspects of order-
able groups.

Rodolfo Rodriguez, Universidad de Concepcion, Nu-
merical approximation of the spectrum of the curl operator.

Gunther Uhlmann, University of Washington, Inside-
out: Inverse problems.
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S. R. Srinivasa Varadhan, New York University, Large
deviations.

AMS Special Sessions

Algebra and Model Theory, Thomas Scanlon, University
of California, Berkeley, Xavier Vidaux, Universidad de
Concepcion, Charles Steinhorn, Vassar College, and Alf
Onshuus, Universidad de los Andes, Columbia.

Algebraic Modeling of Knotted Objects, Vaughan F. R.
Jones, University of California, Berkeley, Jesuis Juyumaya,
Universidad de Valparalso, Louis H. Kauffman, University
of Illinois at Chicago, and Sofia Lambropoulou, National
Technical University of Athens.

Applications of Differential and Difference Equations
in Biology and Ecology, J. Robert Buchanan, Millersville
University, Fernando Cordova, Universidad Catolica de
Maule, and Jorge Velasco Hernandez, Institute Nacional
de Petroleo.

Arithmetic of Quadratic Forms and Integral Lattices,
Maria Ines Icaza, Universidad de Talca, Chile, Wai Kiu
Chan, Wesleyan University, and Ricardo Baeza, Universi-
dad de Talca, Chile.

Automorphic Forms and Dirichlet Series, Yves Martin,
Universidad de Chile, and Solomon Friedberg, Boston
College.

Complex Algebraic Geometry, Giancarlo Urzua and
Eduardo Cattani, University of Massachusetts.

Foliations and Dynamics, Andrés Navas, Universidad
de Santiago de Chile, and Steve Hurder, University of 1I-
linois at Chicago.

Group Actions: Probability and Dynamics, Andrés
Navas, Universidad de Santiago de Chile, and Rostislav
Grigorchuk, University of Texas.

Inverse Problems and PDE Control, Matias Courdurier,
Pontificia Universidad Catolica de Chile, Axel Osses,
Universidad de Chile, and Gunther Uhlmann, University
of Washington.
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Non-Associative Algebras, Alicia Labra, Universidad
de Chile, and Kevin McCrimmon, University of Virginia.

Probability and Mathematical Physics, Hui-Hsiung Kuo,
Louisiana State University, and Rolando Rebolledo, Pon-
tificia Universidad Catélica de Chile.

Representation Theory, Jorge Soto Andrade, Universi-
dad de Chile, and Philip Kutzko, University of Iowa.

Spectral Theory and Mathematical Physics, Bruno
Nachtergaele, University of California, Davis, and Rafael
Tiedra, Pontificia Universidad Catolica de Chile.

New Orleans,
Louisiana

New Orleans Marriott and Sheraton New
Orleans Hotel

January 6-9,2011
Thursday - Sunday

Meeting #1067

Joint Mathematics Meetings, including the 117th Annual
Meeting of the AMS, 94th Annual Meeting of the Math-
ematical Association of America, annual meetings of the
Association for Women in Mathematics (AWM) and the
National Association of Mathematicians (NAM), and the
winter meeting of the Association for 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 2010

Program first available on AMS website: November 1, 2010
Program issue of electronic Notices: January 2011

Issue of Abstracts: Volume 32, Issue 1

Deadlines

For organizers: Expired

For consideration of contributed papers in Special Ses-
sions: Expired

For abstracts: Expired

Statesboro, Georgia

Georgia Southern University

March 12-13,2011
Saturday - Sunday

Meeting #1068

Southeastern Section

Associate secretary: Matthew Miller

Announcement issue of Notices: January 2011

Program first available on AMS website: January 27, 2011
Program issue of electronic Notices: March 2011

Issue of Abstracts: Volume 32, Issue 2
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Deadlines

For organizers: Expired

For consideration of contributed papers in Special Ses-
sions: Expired

For abstracts: January 20, 2011

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

Invited Addresses

Jason A. Behrstock, Lehman College (CUNY), The quasi-
isometric classification of 3-manifold groups.

Gordana Matic, University of Georgia, Title to be an-
nounced.

Jeremy T. Tyson, University of Illinois at Urbana-
Champaign, Sobolev mappings into metric spaces.

Brett D. Wick, Georgia Institute of Technology, The
Corona Problem.

Special Sessions

Advances in Biomedical Mathematics (Code: SS 4A),
Yangbo Ye, University of Iowa, and Jiehua Zhu, Georgia
Southern University.

Advances in Optimization (Code: SS 20A), Goran Lesaja,
Georgia Southern University.

Algebraic Geometry (Code: SS 18A), Jing Zhang, State
University of New York at Albany, Roya Beheshti Zavareh,
Washington University in St Louis, and Qi Zhang, Univer-
sity of Missouri at Columbia.

Algebraic and Geometric Combinatorics (Code: SS 13A),
Drew Armstrong, University of Miami, and Benjamin
Braun, University of Kentucky.

Applied Combinatorics (Code: SS 2A), Hua Wang,
Georgia Southern University, Miklos Bona, University of
Florida, and Laszlo Szekely, University of South Carolina.

Categorical Topology (Code: SS 9A), Frederic Mynard,
Georgia Southern University, and Gavin Seal, EPFL, Lau-
sanne.

Control Systems and Signal Processing (Code: SS 14A),
Zhiqgiang Gao, Cleveland State University, Frank Goforth,
Georgia Southern University, Thomas Yang, Embry-Riddle
Aeronautical University, and Yan Wu, Georgia Southern
University.

Dynamic Equations on Time Scales with Applications
(Code: SS 17A), Billur Kaymakcalan, Georgia Southern
University, and Bonita Lawrence, Marshall University.

Fractals and Tilings (Code: SS 3A), Ka-Sing Lau, The
Chinese University of Hong Kong, Sze-Man Ngai, Georgia
Southern University, and Yang Wang, Michigan State
University.

Geometric Group Theory (Code: SS 7A), Xiangdong Xie,
Georgia Southern University, Jason A. Behrstock, Lehman
College, CUNY, and Denis Osin, Vanderbilt University.

Geometric Mapping Theory in Euclidean and Non-Eu-
clidean Spaces (Code: SS 11A), Jeremy Tyson, University
of Illinois at Urbana-Champaign, David A. Herron, Uni-
versity of Cincinnati, and Xiagdong Xie, Georgia Southern
University.
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Harmonic Analysis and Applications (Code: SS 5A), Dmi-
triy Bilyk, University of South Carolina, Laura De Carli,
Florida International University, Alex Stokolos, Georgia
Southern University, and Brett Wick, Georgia Institute of
Technology.

Harmonic Analysis and Partial Differential Equations
(Code: SS 1A), Paul A. Hagelstein, Baylor University, Al-
exander Stokolos, Georgia Southern University, Xiaoyi
Zhang, IAS Princeton and University of Iowa, and Shijun
Zheng, Georgia Southern University.

Homological Methods in Commutative Algebra (Code:
SS 6A), Alina C. Iacob, Georgia Southern University, and
Adela N. Vraciu, University of South Carolina.

Low Dimensional Topology and Contact and Symplectic
Geometry (Code: SS 19A), Gordana Matic, University of
Georgia, and John Etnyre, Georgia Institute of Technology.

Matrix Theory and Numerical Linear Algebra (Code: SS
8A), Richard S. Varga, Kent State University, and Xiezhang
Li, Georgia Southern University.

Nonlinear Analysis of PDEs (Code: SS 15A), Ronghua
Pan, Georgia Institute of Technology, Tristan Roy, In-
stitiute for Advanced Study, and Shijun Zheng, Georgia
Southern University.

Set-theoretic Topology (Code: SS 16A), Frederic Mynard,
Georgia Southern University, and Peter Nyikos, University
of South Carolina.

Sparse Data Representations and Applications (Code:
SS 10A), Alexander Petukhov and Alex Stokolos, Georgia
Southern University, Ahmed Zayed, DePaul University,
and Inna Kozlov, Holon Institute of Technology, Depart-
ment of Computer Science.

Symplectic and Poisson Geometry (Code: SS 12A), Yi Lin,
Georgia Southern University, Alvaro Pelayo, Washington
University, St. Louis, and Francois Ziegler, Georgia South-
ern University.

Accommodations

Participants should make their own arrangements directly
with the properties listed below. Special rates for the meet-
ing are available at the properties shown below for the
period of March 11-13, 2011. When making reservations
participants should state that they are with the Ameri-
can Mathematical Society (AMS). Hotels have varying
cancellation or early checkout penalties; be sure to ask
for details when making your reservation. The room rates
listed do not include applicable taxes; the current tax rate
on hotel rooms is 12%. To guarantee a room reservation,
we advise making your travel plans early.

A shuttle service between the airport (SAV) and the six
hotels below has been arranged by the local coordinators.
There will also be a limited bus service between these six
hotels and the buildings where the meeting will take place:

Best Western University Inn, 1 Jameson Avenue,
Statesboro, Georgia, 30458. Phone: 912-681-7900; fax: 912-
681-7905; http://www.bestwestern.com/. US$52.50 per
night, single/double occupancy. Amenities include compli-
mentary breakfast, free wireless Internet access, and free
parking; approximately 0.3 mile (5-10 minute walk) from
the College of Information Technology Building.
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Baymont Inn and Suites, 425 South Main Street, States-
boro, Georgia, 30458. Phone: 912-489-7368; fax: 912-489-
3081; http://www.baymontstatesboro.com. US$69 per
night, single/double occupancy. When you make your
reservation please cite the group code AMEMAT. Cancel-
lation must be made seven days prior to arrival to avoid
being charged for the first night. Amenities include com-
plimentary hot breakfast, computer in every room with
free Internet access, free long distance phone calls, and
free parking; approximately one mile (15-20 minute walk)
from the College of Information Technology Building. The
deadline for reservations is 30 days prior to arrival.

Hampton Inn, 616 Fair Road, Statesboro, Georgia,
30458. Phone: 912-681-7700; fax: 912-681-9677; http://
www . hampton-inn.com/hi/statesboro. US$69 per
night, one to four persons in a room. Amenities include
complimentary hot breakfast, free wireless Internet ac-
cess, and free parking; approximately 1.2 miles (15-20
minute walk) from the College of Information Technology
building.

Howard Johnson Inn and Suites, 316 South Main
Street, Statesboro, Georgia, 30458. Phone: 912-489-2626;
fax: 912-764-6030; http://www.hojo.com. US$49.99
per night, single/double occupancy. Every room includes
microwave oven, refrigerator, iron and ironing board, and
hair dryer. Amenities include complimentary continental
breakfast, free wireless Internet access, and free parking;
approximately 1.3 miles (20-25 minute walk) from the
College of Information Technology Building.

La Quinta Inn, 225 Lanier Drive, Statesboro, Geor-
gia, 30458. Phone: 912-871-2525; fax: 912-871-3535;
http://www.896.1q.com. US$55 per night, one to four
persons in a room. When you make your reservation please
cite group number 138. Amenities include complimentary
hot breakfast, free wireless Internet access, and compli-
mentary parking; approximately 1.5 miles (20-25 minute
walk) from the College of Information Technology Build-
ing. The deadline for reservations is December 15, 2010.

Statesboro Quality Inn and Suites, 230 South Main
Street, Statesboro, GA 30458. Phone: 912-489-3995; fax:
912-489-4157; http://www.qualityinnstatesboro.
com. US$50.99 per night, single/double occupancy.
Amenities include complimentary breakfast, free wireless
Internet access, 10% discount at onsite restaurant Manny’s
Neighborhood Grille, and free parking; approximately 1.4
miles (25-30 minute walk) from the College of Information
Technology Building.

Participants who drive to Statesboro may also consider
the following hotels. However, no shuttle or bus service
has been arranged to or from these hotels, although they
are not too far from the campus, ranging from two to
five miles.

Spring Hill Suites Statesboro, 105 Springhill Dr.
Statesboro, GA 30458, Phone: 800-230-4134; http://
www.hotelplanner.com/Hotels/271510-Statesboro/
Deal-Springhill-Stes-Statesboro-105-
Springhil1-Dr-30458.

Holiday Inn Statesboro—University area, 455 Com-
merce Drive, Statesboro, GA 30458. Phone: 912-489-4545;
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http://www.holidayinn.com/hotels/us/en/
statesboro/tbrhi/hoteldetail.

Comfort Inn and Suites, 17870 Hwy 67, Statesboro, GA
30458. Phone: 912-681-2400; http://www.comfortinn.
com/hotel-statesboro-georgia-GA380?sid=_M81g.
VHEPtgGheg.13.

Local Information and Maps.

Please visit the AMS website at www.ams .org/meetings/
sectional/2173_other.html and check the many links
for various local area, campus, and on-campus parking
maps. Information about the Department of Mathematics
may be found at math.georgiasouthern.edu/.

Other Activities

AMS Book Sale: Stop by the on-site AMS bookstore and
review the newest titles from the AMS, enjoy up to 25%
off all AMS publications, or take home an AMS t-shirt!
Complimentary coffee will be served courtesy of AMS
Membership Services.

AMS Editorial Activity: An acquisitions editor from the
AMS book program will be present to speak with prospec-
tive authors. If you have a book project that you would like
to discuss with the AMS, please stop by the book exhibit.

Parking

Parking on campus is free on Saturday, March 12, and
Sunday, March 13, and is free after 4:00 p.m. on Friday,
March 11. Parking Lots 41 and 42 are closest to the College
of Information Technology and the College of Business
Administration Buildings, where the sessions will be held.

Registration and Meeting Information

The meeting will take place on the Statesboro campus of
Georgia Southern University. All of the activities for the
meeting will be held in the College of Information Technol-
ogy (CIT or IT) and the College of Business Administration
(COBA) Buildings. Registration, the AMS book sale, Invited
Addresses, and some Special Sessions will be held in CIT,
while some Special Sessions will be held in COBA. The
registration desk will be open Saturday, March 12, 7:30
a.m.-4:00 p.m., and Sunday, March 13, 8:00 a.m.-noon.
Fees are US$50 for AMS members, US$70 for nonmembers;
and USS$5 for students, unemployed mathematicians, and
emeritus members. Fees are payable on-site by cash, check,
or credit card.

Travel Information

Statesboro is located in Southeast Georgia, about a
50-minute drive from Savannah/Hilton Head International
Airport (SAV) and is 10 minutes due north of Interstate
I-16.

By air: The closest airport is Savannah/Hilton Head
International Airport (SAV). Participants arriving by air
who do not rent a car are encouraged to use the shuttle
service arranged by the local coordinators. The shuttle
will leave from Savannah Airport to Statesboro on Friday
March 11th and take participants back on Sunday, March
13, and Monday, March 14. Participants who take a train
or bus to Savannah should consider taking a taxi to the
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Savannah Airport and catch this shuttle. The shuttle fare
is US$50 round-trip or US$30 one-way. Shuttle tickets
may be purchased from Georgia Southern faculty and/or
student volunteers at the K-Shuttle (Kelly Tours) counter
near the baggage claim area of the airport. Return tickets
can also be purchased from the registration desk inside
the College of Information Technology Building during the
meeting. Only cash or a check drawn on a U.S. bank will
be accepted as payment for the shuttle fare.

Participants whose arrival and/or departure schedule
do not permit them to take the shuttle may contact the
local coordinators via email at smngai@georgiasouth-
ern.edu on or before March 1, 2011, to make reservations
for special shuttle service. The same fares apply. There
is no taxi or other public transportation service from
Statesboro back to the airport.

Special Airport Shuttle Schedule for this Meeting

Friday, March 11, 2011: Leaving Savannah International
Airport for Statesboro and dropping off passengers at the
following Statesboro hotels only: Hampton Inn, Howard
Johnson Inn and Suites, Statesboro Quality Inn and Suites,
Baymont Inn and Suites, Best Western University Inn, and
La Quinta Inn.

The shuttle will depart from the Savannah International
Airport every hour on the hour from 10:00 a.m. through
11 p.m. (and a final departure at 12:30 a.m.), arriving in
Statesboro every hour on the hour from 11:00 a.m. through
12 midnight (and a final arrival time at 1:30 a.m.)

Sunday, March 13, 2011: The shuttle will leave from the
parking lot adjacent to the College of Information Tech-
nology Building and the College of Education Building
(Parking Lot 41).

The shuttle will depart from the College of Information
and Technology every hour on the hour from 10:00 a.m.
through 5:00 p.m., arriving at the Savannah International
Airport every hour on the hour from 11:00 a.m. through
6:00 p.m.

Monday, March 14, 2011: See the table on the following
page. The shuttle will pick up passengers from the indi-
cated six hotels, in the order shown. Please wait outside of
the hotel 10 minutes before the scheduled departure time.

Other ways of traveling between Savannah
Airport and Statesboro

1) Rental car. The following rental car companies are located
at the Savannah International Airport: Avis, Budget, Dollar,
Enterprise, Hertz, National/Alamo, and Thrifty. For addi-
tional information, see http://www.savannahairport.
com/airport/ground_transportation/.

2) Taxi. One way taxi fare from the airport to Statesboro
is approximately US$100-US$120. There is NO taxi service
from Statesboro to the airport.

By car: Take the interstate I-16 and take exit 116 if you
are traveling East (coming from Atlanta/Macon). Turn left
on US301,/US25 until you reach the entrance of the GSU
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Departing Arriving at
from
Hampton Howard Quality Inn | Baymont Best La Quinta Savannah
Inn Johnson Inn Western International
Airport
04:00 am - 04:10 am 05:10 am
05:30 am - 05:40 am 06:40 am
07:00 am - 07:10 am 08:10 am
08:30 am - 08:40 am 09:40 am
10:00 am - 10:10 am 11:10 am

campus. If you are traveling West on I-16 (coming from
Savannah or from 1-95), take exit 127 and take a right on
US-67. Stay on US-67 (Fair Road) until you reach an entry
to the GSU campus.

Transportation from hotels to campus

A limited free bus service between the College of Infor-
mation Technology Building and the following will be
provided: Hampton Inn, Howard Johnson Inn and Suites,
Statesboro Quality Inn and Suites, Baymont Inn and Suites,
Best Western University Inn, and La Quinta Inn. The bus
will leave the hotels in the early mornings of Saturday,
March 12 and Sunday, March 13, and take participants
back from College of Information Technology Building to
the hotels in the evening.

Weather

The average high temperature in Statesboro for March is
67°F. (19°C.); the average low temperature is 46°F. (8°C.).
The average rainfall during March is about four inches.

Information for International Participants

Visa regulations are continually changing for travel to the
United States. Visa applications may take from three to
four months to process and require a personal interview,
as well as specific personal information. International
participants should view the important information
about traveling to the U.S. found at http://sites.na-
tionalacademies.org/pga/biso/visas/and http://
travel.state.gov/visa/visa_1750.html. If you need
a preliminary conference invitation in order to secure a
visa, please send your request to pfs@ams.org.

If you discover you do need a visa, the National Acad-

emies website (see above) provides these tips for success-
ful visa applications:
* Visa applicants are expected to provide evidence that
they are intending to return to their country of residence.
Therefore, applicants should provide proof of “binding”
or sufficient ties to their home country or permanent
residence abroad. This may include documentation of
the following:

-family ties in home country or country of legal per-
manent residence

- property ownership

- bank accounts
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- employment contract or statement from employer
stating that the position will continue when the employee
returns;

* Visa applications are more likely to be successful if
done in a visitor’s home country than in a third country;

* Applicants should present their entire trip itinerary,
including travel to any countries other than the United
States, at the time of their visa application;

* Include a letter of invitation from the meeting orga-
nizer or the U.S. host, specifying the subject, location and
dates of the activity, and how travel and local expenses
will be covered,;

* If travel plans will depend on early approval of the
visa application, specify this at the time of the application;

* Provide proof of professional scientific and/or
educational status (students should provide a University
transcript).

This list is not to be considered complete. Please visit
the websites above for the most up-to-date information.

Iowa City, Iowa

University of Iowa

March 18-20,2011
Friday-Sunday

Meeting #1069

Central Section

Associate secretary: Georgia Benkart

Announcement issue of Notices: January 2011

Deadlines for abstracts: January 25, 2011

Program first available on AMS website: February 12,
2011

Issue of Abstracts: Volume 32, issue 2

Deadlines

For organizers: Expired

For consideration of contributed papers in Special Ses-
sions: Expired

For consideration of contributed papers: Expired

For Abstracts: March 8, 2011
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The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses

Mihai Ciucu, Indiana University, Title to be announced.

David Damanik, Rice University, Title to be announced.

Chiu-Chu Liu, Columbia University, Title to be an-
nounced.

Kevin B. Ford, University of Illinois Urbana-Champaign,
Prime chains, arithmetic functions and branching random
walks.

Special Sessions

Algebraic Combinatorics (Code: SS 19A), Mihai Ciucu,
Indiana University.

Algebraic K-Theory and Homotopy Theory (Code: SS 8A),
Teena Gerhardt, Michigan State University, and Daniel
Ramras, New Mexico State University.

Analytic and Algebraic Number Theory (Code: SS 5A),
Ling Long, Iowa State University, and Yangbo Ye, Univer-
sity of Iowa.

Commutative Ring Theory (Code: SS 6A), Daniel D.
Anderson, University of Iowa, and David F. Anderson,
University of Tennessee Knoxville.

Computational Medical Imaging (Code: SS 21A), Jun Ni
and Lihe Wang, University of Iowa.

Geometric Commutative Algebra and Applications
(Code: SS 7A), David Anderson, University of Washington,
and Julianna Tymoczko, University of Iowa.

Global and P-adic Representation Theory (Code: SS
3A), Muthukrishnan Krishnamurthy, Philip Kutzco, and
Yangbo Ye, University of Iowa.

Graph Theory (Code: SS 17A), Maria Axenovich, Lale
Ozkahya, and Michael Young, lowa State University.

History of Mathematics (Code: SS 13A), Colin McKinney,
Bradley University.

Modelling, Analysis and Simulation in Contact Mechanics
(Code: SS 1A), Weimin Han, University of Iowa, and Mircea
Sofonea, University of Perpignan.

Nonlinear Partial Differential Equations (Code: SS 20A),
Hongjie Dong, Brown University, and Dong Li, Lihe Wang,
and Xiaoyi Zhang, University of Iowa.

Numerical Analysis and Scientific Computing (Code:
SS 14A), Kendall E. Atkinson, Bruce P. Ayati, Weimin
Han, Laurent O. Jay, Suely Oliveira, and David Stewart,
University of Iowa.

Recent Advances in Hyperbolic and Kinetic Problems
(Code: SS 15A), Tong Li, University of Iowa, and Hailing
Liu, Towa State University.

Recent Developments in Nonlinear Evolution Equations
(Code: SS 4A), Yinbin Deng, Central China Normal Univer-
sity, Yong Yu and Yi Li, University of lowa, and Shuangjie
Peng, Central China Normal University.

Recent Developments in Schubert Calculus (Code: SS 9A),
Leonardo Mihalcea, Baylor University.

Representations of Algebras (Code: SS 2A), Frauke Ble-
her, University of Iowa, and Calin Chindris, University of
Missouri.
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Spectral Theory (Code: SS 12A), David Damanik, Rice
University, and Christian Remling, University of Okla-
homa.

Stochastic Processes with Applications to Mathematical
Finance (Code: SS 18A), Igor Cialenco, Illinois Institute
of Technology, and José E. Figueroa-Lopez, Purdue Uni-
versity.

Thin Position (Code: SS 11A), Jesse Johnson, Oklahoma
State University, and Maggie Tomova, University of Iowa.

Topological Problems in Molecular Biology (Code: SS
16A), Isabel K. Darcy, University of Iowa, Stephen D. Lev-
ene, University of Texas at Dallas, and Jonathan Simon,
University of Iowa.

Universal Algebra and Order (Code: SS 10A), John
Snow, Concordia University, Jeremy Alm, Illinois College,
Clifford Bergman, Iowa State University, and Kristi Meyer,
Wisconsin Lutheran College.

Accommodations

Participants should make their own arrangements directly
with a hotel of their choice as early as possible. Special
rates have been negotiated with the hotels listed below.
Rates quoted do not include sales tax of 12%. The AMS
is not responsible for rate changes or for the quality of
the accommodations. When making a reservation, par-
ticipants should state that they are with the American
Mathematical Society (AMS) Meeting at the University of
Iowa group. Cancellation and early checkout policies vary;
be sure to check when you make your reservation.

Iowa House Hotel, 100 North Madison St., Iowa City,
IA, 52242; Phone: 319-335-3513, fax: 319-335-0497; www.
iowahousehotel . com. Rates are US$85 per night—single/
double and includes parking, wireless Internet, and con-
tinental breakfast. The hotel is only about three blocks
away from the meeting site on campus. Cancellation and
early checkout policies vary; be sure to check when you
make your reservation. The deadline for reservations is
February 18, 2011.

Hotel Vetro Boutique Hotel, 201 S. Linn Street, Iowa
City, IA 52240; Phone: 800-848-1335, fax: 319-337-7037;
www . hotelvetro.com. Rates are US$119 per night—sin-
gle/double and includes parking, wireless Internet, and
continental breakfast. The hotel is only about three blocks
away from the meeting site on campus. Cancellation and
early checkout policies vary; be sure to check when you
make your reservation. The deadline for reservations is
February 18, 2011.

Sheraton Iowa City Hotel, 100 210 South Dubuque
Street, Iowa City, TA 52240; Phone: 319-337-4058, fax:
319-337-7037; www.sheratoniowacity.com. Rates are
US$99 per night—single/double and includes parking,
Internet, and continental breakfast. The hotel is only
about three blocks away from the meeting site on campus.
Cancellation and early checkout policies vary; be sure to
check when you make your reservation. The deadline for
reservations is February 15, 2011.

Heartland Inn Hotel;, 87 2nd Street, Coralville, TIA
52241; Phone: 319-351-8132, fax 319-351-2916; http://
www. heartTandinns.com/Toc_IowaCity.php.Rates are
USS$75 per night for a standard two queen or single king
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room. Includes free wireless Internet, deluxe continental
breakfast, free parking, and an indoor pool. A limited
complimentary shuttle to and from the meeting is also
being provided by the hotel. The Heartland Inn is about
two miles away from the meeting site on the University
of Towa campus. The deadline for reservations is Febru-
ary 17, 2011.

Food Service

A list of on-campus and off-campus restaurants will be
available at the registration desk.

Other Activities

Book Sales: Stop by the on-site AMS bookstore and review
the newest titles from the AMS, enjoy up to 25% off all
AMS publications, or take home an AMS t-shirt! Compli-
mentary coffee will be served courtesy of AMS Member-
ship Services.

AMS Editorial Activity: An acquisitions editor from the
AMS book program will be present to speak with prospec-
tive authors. If you have a book project that you would like
to discuss with the AMS, please stop by the book exhibit.

Parking

Iowa House guests may park at no charge in the IMU Park-
ing Ramp. Fee-based parking is also available near the
University’s Pentacrest at the parking ramp on the south
end of the Old Capitol Center.

Registration and Meeting Information

Registration and AMS Book Exhibit will be held in the Iowa
Memorial Union (IMU) Ballroom. Invited Addresses and all
other sessions will be held in The IMU Building 3rd floor
as well as the Math Department of MacLean Hall. Please
refer to the campus map for specific location at http://
www.uiowa.edu/~maps/i/imurl.htm. The registration
desk will be open Friday, March 18th, 12:00 p.m.-4:00 p.m.;
Saturday, March 19th, 7:30 a.m.-4:00 p.m. Fees are US$50
for AMS members, US$70 for nonmembers; and US$5 for
students, unemployed mathematicians, and

emeritus members. Fees are payable on-site via cash, check
or credit card.

Travel

By Plane: Nearby airports are located in Cedar Rapids,
IA (CID) (22 miles); Moline, IL (MLI) (67 miles); and Des
Moines, IA (DSM) (118 miles). Shuttle service is available at
the Eastern Iowa Regional Airport (CID) in Cedar Rapids.

By bus: Greyhound bus services are located at 170 E
Court Street in Iowa City, lowa—just a few blocks away
from the University of Iowa. Iowa City is not currently
serviced by Amtrak.

By car: The University of Iowa is located in Iowa City,
IA, 65 miles west of the Mississippi River, along Interstate
80. To reach the central campus, exit Interstate 80 at the
Dubuque Street exit (Exit 244) and follow Dubuque Street
south along the Towa River to downtown Iowa City. Turn
right on Market Street and then turn left on Madison
Street and drive one block to the Towa Memorial Union.
The registration desk will be on the 2nd floor of the IMU.
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Car Rental

Avis Rent A Car is the official car rental company for the
meeting. Depending on variables such as location, length
of rental, and size of vehicle, Avis will offer participants
the best available rate which can range from 5-25% dis-
count off regular rates. Participants must use the assigned
Meeting Avis Discount Number (J098887) and meet Avis
rate requirements to receive the discount. (Rate discounts
are available at all corporate and participating licensee
locations.)Reservations can be made by calling 800-331-
1600 or online at www.avis.com.

All car rentals include unlimited free mileage and are
available to renters 25 years and older. Renters must also
meet Avis’s driver and credit requirements. Return to the
same rental location or additional surcharges may apply.
Rates do not include any state or local surcharges, tax,
optional coverages, or gas refueling charges.

Weather

A typical climate summary for the month of March for
Iowa City shows an average daily temperature from 27°
Fahrenheit to 46° Fahrenheit with a slight chance of snow
or rain.

Information for International Participants

Visa regulations are continually changing for travel to the
United States. Visa applications may take from three to
four months to process and require a personal interview,
as well as specific personal information. International
participants should view the important information
about traveling to the U.S. found at http://sites.na-
tionalacademies.org/pga/biso/visas/and http://
travel.state.gov/visa/visa_1750.html.If you need
a preliminary conference invitation in order to secure a
visa, please send your request to pfs@ams.org.

If you discover you do need a visa, the National Acad-

emies website (see above) provides these tips for success-
ful visa applications:
* Visa applicants are expected to provide evidence that
they are intending to return to their country of residence.
Therefore, applicants should provide proof of “binding”
or sufficient ties to their home country or permanent
residence abroad. This may include documentation of
the following:

-family ties in home country or country of legal per-
manent residence

- property ownership

- bank accounts

- employment contract or statement from employer
stating that the position will continue when the employee
returns;

* Visa applications are more likely to be successful if
done in a visitor’s home country than in a third country;

* Applicants should present their entire trip itinerary,
including travel to any countries other than the United
States, at the time of their visa application;

* Include a letter of invitation from the meeting orga-
nizer or the U.S. host, specifying the subject, location and
dates of the activity, and how travel and local expenses
will be covered;
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* If travel plans will depend on early approval of the
visa application, specify this at the time of the application;

* Provide proof of professional scientific and/or
educational status (students should provide a University
transcript).

This list is not to be considered complete. Please visit
the websites above for the most up-to-date information.

Worcester,
Massachusetts

College of the Holy Cross

April 9-10,2011
Saturday - Sunday

Meeting #1070

Eastern Section

Associate secretary: Steven H. Weintraub
Announcement issue of Notices: February 2011
Program first available on AMS website: March 10, 2011
Program issue of electronic Notices: April 2011

Issue of Abstracts: Volume 32, Issue 3

Deadlines

For organizers: Expired

For consideration of contributed papers in Special Ses-
sions: December 21, 2010

For abstracts: February 15, 2011

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

Invited Addresses

Vitaly Bergelson, Ohio State University, Title to be an-
nounced.

Kenneth M. Golden, University of Utah, Title to be an-
nounced.

Walter D. Neumann, Columbia University, What does a
complex surface really look like?

Natasa Sesum, University of Pennsylvania, Title to be
announced.

Special Sessions

Celestial Mechanics (Code: SS 16A), Glen R. Hall, Boston
University, and Gareth E. Roberts, College of the Holy
Cross.

Combinatorial Representation Theory (Code: SS 14A),
Cristina Ballantine, College of the Holy Cross, and Rosa
Orellana, Dartmouth College.

Combinatorics of Coxeter Groups (Code: SS 19A), Dana
C. Ernst, Plymouth State University, and Matthew Macau-
ley, Clemson University.

Complex Analysis and Banach Algebras (Code: SS 1A),
John T. Anderson, College of the Holy Cross, and Alex-
ander J. Izzo, Bowling Green State University.
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Computability Theory and Applications (Code: SS 18A),
Brooke Andersen, Assumption College.

Dynamics of Rational Systems of Difference Equations
with Applications (Code: SS 3A), M. R. S. Kulenovic and
0. Merino, University of Rhode Island.

Geometric and Topological Problems in Curvature
(Code: SS 17A), Megan Kerr and Stanley Chang, Wellesley
College.

Geometry and Applications of 3-Manifolds (Code: SS
13A), Abhijit Champanerkar and Ilya Kofman, College
of Staten Island, CUNY, and Walter Neumann, Barnard
College, Columbia University.

Geometry of Nilpotent Lie Groups (Code: SS 11A),
Rachelle DeCoste, Wheaton College, Lisa DeMeyer, Cen-
tral Michigan University, and Maura Mast, University of
Massachusetts-Boston.

History and Philosophy of Mathematics (Code: SS 5A),
James ]J. Tattersall, Providence College, and V. Frederick
Rickey, United States Military Academy.

Interactions between Dynamical Systems, Number
Theory, and Combinatorics (Code: SS 9A), Vitaly Bergel-
son, The Ohio State University, and Dmitry Kleinbock,
Brandeis University.

Mathematical and Computational Advances in Interfa-
cial Fluid Dynamics (Code: SS 15A), Burt S. Tilley, Worces-
ter Polytechnic Institute, and Lou Kondic, New Jersey
Institute of Technology.

Mathematics and Climate (Code: SS 8A), Kenneth M.
Golden, University of Utah, Catherine Roberts, College of
the Holy Cross, and MaryLou Zeeman, Bowdoin College.

Modular Forms, Elliptic Curves, L-functions, and Number
Theory (Code: SS 20A), Sharon Frechette and Keith Ouel-
lette, College of the Holy Cross.

New Trends in College and University Faculty Engage-
ment in K-12 Education (Code: SS 21A), Jennifer Beineke,
Western New England College, and Corri Taylor, Wellesley
College.

Number Theory, Arithmetic Topology, and Arithmetic
Dynamics (Code: SS 10A), Michael Bush, Smith College,
and Farshid Hajir, University of Massachusetts, Amherst.

Physically Inspired Higher Homotopy Algebra (Code: SS
4A), Thomas J. Lada, North Carolina State University, and
Jim Stasheff, University of North Carolina, Chapel Hill.

Random Processes (Code: SS 7A), Andrew Ledoan,
Boston College, and Steven J. Miller and Mihai Stoiciu,
Williams College.

The Algebraic Geometry and Topology of Hyperplane
Arrangements (Code: SS 6A), Graham Denham, University
of Western Ontario, and Alexander I. Suciu, Northeastern
University.

Topics in Partial Differential Equations and Geometric
Analysis (Code: SS 12A), Maria-Cristina Caputo, University
of Arkansas, and Natasa Sesum, Rutgers University.

Topological, Geometric, and Quantum Invariants of
3-manifolds (Code: SS 2A), David Damiano, College of the
Holy Cross, Scott Taylor, Colby College, and Helen Wong,
Carleton College.

Undergraduate Research (Code: SS 22A), David Dami-
ano, College of the Holy Cross, Giuliana Davidoff, Mount
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Holyoke College, Steve Levandosky, College of the Holy
Cross, and Steven J. Miller, Williams College.

Las Vegas, Nevada

University of Nevada

April 30-May 1,2011
Saturday - Sunday

Meeting #1071

Western Section

Associate secretary: Michel L. Lapidus

Announcement issue of Notices: February 2011
Program first available on AMS website: March 17, 2011
Program issue of electronic Notices: April 2011

Issue of Abstracts: Volume 32, Issue 3

Deadlines

For organizers: Expired

For consideration of contributed papers in Special Ses-
sions: January 1, 2011

For abstracts: March 8, 2011

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

Invited Addresses

Elizabeth Allman, University of Alaska, Evolutionary
trees and phylogenetics: An algebraic perspective.

Danny Calegari, California Institute of Technology,
Stable commutator length in free groups.

Hector Ceniceros, University of California Santa Bar-
bara, Immersed boundaries in complex fluids.

Tai-Ping Liu, Stanford University, Hilbert Sixth Problem.

Special Sessions

Advances in Modeling, Numerical Analysis and Compu-
tations of Fluid Flow Problems (Code: SS 2A), Monika Neda,
University of Nevada, Las Vegas.

Computational Algebra, Groups and Applications (Code:
SS 7A), Benjamin Fine, Fairfield University, Gerhard
Rosenberger, University of Hamburg, Germany, and De-
laram Kahrobaei, City University of New York.

Discrete Dynamical Systems in Graph Theory, Combi-
natorics, and Geometry (Code: SS 15A), Eunjeong Yi and
Cong X. Kang, Texas A&M University at Galveston.

Extremal Combinatorics (Code: SS 6A), Jozsef Balogh,
University of California San Diego, and Ryan Martin, lowa
State University.

Flow-Structure Interaction (Code: SS 9A), Paul Atz-
berger, University of California Santa Barbara.

Geometric Group Theory and Dynamics (Code: SS 12A),
Matthew Day, Danny Calegari, and Joel Louwsma, Cali-
fornia Institute of Technology, and Andy Putnam, Rice
University.
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Geometric PDEs (Code: SS 1A), Matthew Gursky, Notre
Dame University, and Emmanuel Hebey, Université de
Cergy-Pontoise.

Knots, Surfaces and 3-manifolds (Code: SS 18A), Stan-
islav Jabuka, Swatee Naik, and Chris Herald, University
of Nevada, Reno.

Lie Algebras, Algebraic Transformation Groups and
Representation Theory (Code: SS 16A), Andrew Douglas
and Bart Van Steirteghem, City University of New York.

Multilevel Mesh Adaptation and Beyond: Computational
Methods for Solving Complex Systems (Code: SS 4A), Peng-
tao Sun, University of Nevada, Las Vegas, and Long Chen,
University of California Irvine.

Nonlinear PDEs and Variational Methods (Code: SS 11A),
David Costa and Hossein Tehrani, University of Nevada,
Las Vegas, and Zhi_Qiang Wang, Utah State University.

Partial Differential Equations Modeling Fluids (Code:
SS 5A), Quansen Jiu, Capital Normal University, Beijing,
China, and Jiahong Wu, Oklahoma State University.

Recent Advances in Finite Element Methods (Code: SS
3A), Jichun Li, University of Nevada, Las Vegas.

Recent Developments in Stochastic Partial Differential
Equations (Code: SS 8A), Igor Cialenco, Illinois Institute of
Technology, and Nathan Glatt-Holtz, Indiana University,
Bloomington.

Set Theory (Code: SS 14A), Douglas Burke and Derrick
DuBose, University of Nevada, Las Vegas.

Special Session in Arithmetic Dynamics (Code: SS 17A),
Arthur Baragar, University of Nevada, Las Vegas, and
Patrick Ingram, University of Waterloo.

Special Session on Computational and Mathematical
Finance (Code: SS 13A), Hongtao Yang, University of Ne-
vada, Las Vegas.

Topics in Modern Complex Analysis (Code: SS 10A), Zair
Ibragimov, California State University, Fullerton, Zafar
Ibragimov, Urgench State University, and Hrant Hako-
byan, Kansas State University.

Ithaca, New York

Cornell University

September 10-11,2011
Saturday - Sunday

Meeting #1072

Eastern Section

Associate secretary: Steven H. Weintraub
Announcement issue of Notices: June 2011

Program first available on AMS website: July 28, 2011
Program issue of electronic Notices: September 2011
Issue of Abstracts: Volume 32, Issue 4

Deadlines

For organizers: February 10, 2011

For consideration of contributed papers in Special Ses-
sions: May 24, 2011

For abstracts: July 19, 2011

NOTICES OF THE AMS 109



Meetings & Conferences

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

Invited Addresses

Mladen Bestvina, University of Utah, Title to be an-
nounced.

Nigel Higson, Pennsylvania State University, Title to
be announced.

Gang Tian, Princeton University, Title to be announced.

Katrin Wehrheim, Massachusetts Institute of Technol-
ogy, Title to be announced.

Special Sessions

Difference Equations and Applications (Code: SS 1A),
Michael Radin, Rochester Institute of Technology.

Parabolic Evolution Equations of Geometric Type (Code:
SS 4A), Xiaodong Cao, Cornell University, and Bennett
Chow, University of California, San Diego.

Partial Differential Equations of Mixed Elliptic-
Hyperbolic Type and Applications (Code: SS 3A), Marcus
Khuri, Stony Brook University, and Dehua Wang, Univer-
sity of Pittsburgh.

Set Theory (Code: SS 2A), Paul Larson, Miami University,
Ohio, Justin Moore, Cornell University, and Ernest Schim-
merling, Carnegie Mellon University.

Special Session in Symplectic Geometry and Topology
(Code: SS 5A), Tara Holm, Cornell University, and Katrin
Wehrheim, M.I.T.

Winston-Salem,
North Carolina

Wake Forest University

September 24-25,2011
Saturday - Sunday

Meeting #1073

Southeastern Section

Associate secretary: Matthew Miller

Announcement issue of Notices: June 2011

Program first available on AMS website: August 11, 2011
Program issue of electronic Notices: September 2011
Issue of Abstracts: Volume 32, Issue 4

Deadlines

For organizers: February 24, 2011

For consideration of contributed papers in Special Ses-
sions: June 7, 2011

For abstracts: August 2, 2011

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

Benjamin B. Brubaker, Massachusetts Institute of
Technology, Title to be announced.

Shelly Harvey, Rice University, Title to be announced.

Allen Knutson, Cornell University, Title to be an-
nounced.

Seth M. Sullivant, North Carolina State University, Title
to be announced.

Lincoln, Nebraska

University of Nebraska-Lincoln

October 14-16,2011
Friday - Sunday

Meeting #1074

Central Section

Associate secretary: Georgia Benkart

Announcement issue of Notices: August 2011

Program first available on AMS website: September 1, 2011
Program issue of electronic Notices: October 2011

Issue of Abstracts: Volume 32, Issue 4

Deadlines

For organizers: March 14, 2011

For consideration of contributed papers in Special Ses-
sions: June 28, 2011

For abstracts: August 23, 2011

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

Invited Addresses

Lewis Bowen, Texas A&M University, Title to be an-
nounced.

Emmanuel Candes, Stanford University, Title to be an-
nounced (Erdés Memorial Lecture).

Alina Cojocaru, University of Illinois at Chicago, Title
to be announced.

Michael Zieve, University of Michigan, Title to be an-
nounced.

Special Sessions

Association Schemes and Related Topics (Code: SS 1A),
Sung Y. Song, Iowa State University, and Paul Terwilliger,
University of Wisconsin, Madison.
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Meetings & Conferences

Salt Lake City, Utah

University of Utah

October 22-23,2011
Saturday - Sunday

Meeting #1075

Western Section

Associate secretary: Michel L. Lapidus

Announcement issue of Notices: August 2011

Program first available on AMS website: September 8, 2011
Program issue of electronic Notices: October 2011

Issue of Abstracts: Volume 32, Issue 4

Deadlines

For organizers: March 22, 2011

For consideration of contributed papers in Special Ses-
sions: July 5, 2011

For abstracts: August 30, 2011

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

Invited Addresses

Graeme Milton, University of Utah, Title to be an-
nounced.

Lei Ni, University of California San Diego, Title to be
announced.

Igor Pak, University of California Los Angeles, Title to
be announced.

Monica Visan, University of California Los Angeles,
Title to be announced.

Special Sessions

Geometric Evolution Equations and Related Topics.
(Code: SS 2A), Andrejs Treibergs, University of Utah, Salt
Lake City, Lei Ni, University of California San Diego, and
Brett Kotschwar, Arizona State University.

Special Session on Geometric, Combinatorial, and
Computational Group Theory (Code: SS 1A), Eric Freden,
Southern Utah University, and Eric Swenson, Brigham
Young University.

JANUARY 2011

Port Elizabeth,
Republic of South
Africa

Nelson Mandela Metropolitan University

November 29 - December 3,2011
Tuesday - Saturday

Meeting #1076

First Joint International Meeting between the AMS and the
South African Mathematical Society.

Associate secretary: Matthew Miller

Announcement issue of Notices: June 2011

Program first available on AMS website: Not applicable
Program issue of electronic Notices: Not applicable

Issue of Abstracts: Not applicable

Deadlines

For organizers: February 23, 2011

For consideration of contributed papers in Special Ses-
sions: 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/
internmtgs.html.

Invited Addresses

Mark J. Ablowitz, University of Colorado, Title to be
announced.

James Raftery, University of Kwazulu Natal, Title to
be announced.

Daya Reddy, University of Cape Town, Title to be an-
nounced.

Peter Sarnak, Princeton University, Title to be an-
nounced.

Robin Thomas, Georgia Institute of Technology, Title
to be announced.

Amanda Weltman, University of Cape Town, Title to
be announced.

Boston,
Massachusetts

John B. Hynes Veterans Memorial Conven-
tion Center, Boston Marriott Hotel, and
Boston Sheraton Hotel

January 4-7,2012

Wednesday - Saturday

Joint Mathematics Meetings, including the 118th Annual
Meeting of the AMS, 95th Annual Meeting of the Math-
ematical Association of America, annual meetings of the
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Meetings & Conferences

Association for Women in Mathematics (AWM) and the
National Association of Mathematicians (NAM), and the
winter meeting of the Association for 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 2011

Program first available on AMS website: November 1, 2011
Program issue of electronic Notices: January 2012

Issue of Abstracts: Volume 33, Issue 1

Deadlines

For organizers: April 1, 2011

For consideration of contributed papers in Special Ses-
sions: To be announced

For abstracts: To be announced

Honolulu, Hawaii

University of Hawaii

March 3-4,2012

Saturday - Sunday

Western Section

Associate secretary: Michel L. Lapidus

Announcement issue of Notices: March 2012

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 3, 2011

For consideration of contributed papers in Special Ses-
sions: To be announced

For abstracts: To be announced

Tampa, Florida

University of South Florida

March 10-11,2012

Saturday - Sunday

Southeastern Section

Associate secretary: Matthew Miller

Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Program issue of electronic Notices: March 2012

Issue of Abstracts: To be announced

Deadlines

For organizers: August 10, 2011

For consideration of contributed papers in Special Ses-
sions: To be announced

For abstracts: To be announced
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Washington, District
of Columbia

George Washington University

March 17-18,2012

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: March 2012

Issue of Abstracts: To be announced

Deadlines

For organizers: August 17, 2011

For consideration of contributed papers in Special Ses-
sions: To be announced

For abstracts: To be announced

Lawrence, Kansas

University of Kansas

March 30 - April 1,2012

Friday - 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: April 2012

Issue of Abstracts: To be announced

Deadlines

For organizers: To be announced

For consideration of contributed papers in Special Ses-
sions: To be announced

For abstracts: To be announced

New Orleans,
L.ouisiana

Tulane University

October 13-14,2012

Saturday - Sunday

Southeastern Section

Associate secretary: Matthew Miller

Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Program issue of electronic Notices: October 2012

Issue of Abstracts: To be announced
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Deadlines

For organizers: January 13, 2012

For consideration of contributed papers in Special Ses-
sions: To be announced

For abstracts: To be announced

San Diego, California

San Diego Convention Center and San
Diego Marriott Hotel and Marina

January 9-12,2013

Wednesday - Saturday

Joint Mathematics Meetings, including the 119th Annual
Meeting of the AMS, 96th Annual Meeting of the Math-
ematical Association of America, annual meetings of the
Association for Women in Mathematics (AWM) and the
National Association of Mathematicians (NAM), and the
winter meeting of the Association for Symbolic Logic (ASL),
with sessions contributed by the Society for Industrial and
Applied Mathematics (SIAM).

Associate secretary: Georgia Benkart

Announcement issue of Notices: October 2012

Program first available on AMS website: November 1, 2012
Program issue of electronic Notices: January 2012

Issue of Abstracts: Volume 34, Issue 1

Deadlines

For organizers: April 1, 2012

For consideration of contributed papers in Special Ses-
sions: To be announced

For abstracts: To be announced

Ames, lowa

Iowa State University

April 27-28,2013

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: April 2013

Issue of Abstracts: To be announced

Deadlines

For organizers: September 27, 2012

For consideration of contributed papers in Special Ses-
sions: 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.

JANUARY 2011

Special Sessions

Operator Algebras and Topological Dynamics (Code:
SS 1A), Andrejs Treibergs, University of Utah, Salt Lake
City, Lei Ni, University of California, San Diego, and Brett
Kotschwar, Arizona State University.

Alba Iulia, Romania

First Joint International Meeting of the AMS and the
Romanian Mathematical Society, in partnership with
the “Simion Stoilow” Institute of Mathematics of the
Romanian Academy.

June 27-30,2013

Thursday - Sunday

Associate secretary: Robert J. Daverman
Announcement issue of Notices: To be announced
Program first available on AMS website: Not applicable
Program issue of electronic Notices: Not applicable
Issue of Abstracts: Not applicable

Deadlines

For organizers: To be announced

For consideration of contributed papers in Special Ses-
sions: To be announced

For abstracts: To be announced

Baltimore, Maryland

Baltimore Convention Center, Baltimore
Hilton, and Marviott Inner Harbor

January 15-18,2014

Wednesday - Saturday

Joint Mathematics Meetings, including the 120th Annual
Meeting of the AMS, 97th Annual Meeting of the Math-
ematical Association of America, annual meetings of the
Association for Women in Mathematics (AWM) and the
National Association of Mathematicians (NAM), and the
winter meeting of the Association for Symbolic Logic, with
sessions contributed by the Society for Industrial and Ap-
plied Mathematics (SIAM).

Associate secretary: Matthew Miller

Announcement issue of Notices: October 2013

Program first available on AMS website: November 1, 2013
Program issue of electronic Notices: January 2013

Issue of Abstracts: Volume 35, Issue 1

Deadlines

For organizers: April 1, 2013

For consideration of contributed papers in Special Ses-
sions: To be announced

For abstracts: To be announced
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San Antonio, Texas

Henry B. Gonzalez Convention Center and
Grand Hyatt San Antonio

January 10-13,2015

Saturday - Tuesday

Joint Mathematics Meetings, including the 121st Annual
Meeting of the AMS, 98th Annual Meeting of the Math-
ematical Association of America, annual meetings of the
Association for Women in Mathematics (AWM) and the
National Association of Mathematicians (NAM), and the
winter meeting of the Association of Symbolic Logic, with
sessions contributed by the Society for Industrial and Ap-
plied Mathematics (SIAM).

Associate secretary: Steven H. Weintraub

Announcement issue of Notices: October 2014

Program first available on AMS website: To be announced
Program issue of electronic Notices: January 2015

Issue of Abstracts: Volume 36, Issue 1

Deadlines

For organizers: April 1, 2014

For consideration of contributed papers in Special Ses-
sions: To be announced

For abstracts: To be announced

Seattle, Washington

Washington State Convention & Trade
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 Math-
ematical Association of America, annual meetings of the
Association for Women in Mathematics (AWM) and the
National Association of Mathematicians (NAM), and the
winter meeting of the Association of Symbolic Logic, with
sessions contributed by the Society for Industrial and Ap-
plied 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 consideration of contributed papers in Special Ses-
sions: To be announced

For abstracts: To be announced
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Atlanta, Georgia

Hyatt Regency Atlanta and Marriott
Atlanta Marquis

January 4-7,2017

Wednesday - Saturday

Joint Mathematics Meetings, including the 123rd Annual
Meeting of the AMS, 100th Annual Meeting of the Math-
ematical Association of America, annual meetings of the
Association for Women in Mathematics (AWM) and the
National Association of Mathematicians (NAM), and the
winter meeting of the Association of Symbolic Logic, with
sessions contributed by the Society for Industrial and Ap-
plied Mathematics (SIAM).

Associate secretary: Georgia Benkart

Announcement issue of Notices: October 2016

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 consideration of contributed papers in Special Ses-
sions: To be announced

For abstracts: To be announced

San Diego, California

San Diego Convention Center

January 10-13,2018

Wednesday - Saturday

Associate secretary: Matthew Miller

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 consideration of contributed papers in Special Ses-
sions: To be announced

For abstracts: To be announced
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AMS on Social Networks

“Like” us—and

find others who
“Like” the AMS—at
our AMS Facebook

page.

Follow us on Twitter.

Set up an RSS feed
to receive content
electronically when-
ever it is updated on
the ams.org website.

Subscribe to our
videos, share them,
comment on them
and embed them in
your own sites from
the AMS YouTube
channel.

As part of the Society’s commitment
to the open flow of communication
and community engagement, the AMS
uses several social networking tools
to supplement the channels currently
in place for members, press, and the
general public. We invite you to follow
and share content of interest.

We invite you to use these networks to
find news, updates on AMS programs,
commentary, and contests; to connect
with others who have similar interests;
and to communicate with each other
and the AMS. Link from www.ams.org.

www.ams.org/about-us/social
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Presenters of Papers

New Orleans, Louisiana; January 6-9, 2011

Numbers following the name indicate the speaker’s position on the program.
* Special Session Speaker, » MAA Retiring Presidential Address, mNAM Invited Lecturer, aSIAM Invited
Lecturer, « AMS Invited Lecturer, - MAA Invited Lecturer, < Joint Invited Lecturer, ¢ ASL Invited Lecturer,
o AWM Emmy Noether Lecturer, » Graduate Student, <« Undergraduate Student

» Aazami, A.B. ............ 1760
o Abbott, S. ............ .. 1332
» Abernathy, K. ..... 820
» Abernathy, Z. .............. 819
Aboufadel, E. F. .......... 160
¢ Abramsky, S. ... .. 1635
Achuthan, S. ... 980
Ackleh, A.S. ... 518
Addington, S. L. ......... 190
Addington, S. L. ........ 1558
» Adhikari, D. ........ .. 1862
Adhikari, D. R. ........... 2108
Adongo, D. ............. 1082
Affouf, M. ........
* Agusto, F. B. ... .
* Ahangar, R.R. ............. 91
Ahlgren, A. .................. 176
*»Ahmad, M. N. ..... L1411
Ahmed, A. O. ...... .. 1307
* Ahrendt, C. R. ... 2046
» Akar, M. ... 762
Al-Rawashdeh, W. K. 2100

» Al-Sharadgah, A. A. ... 367

xAlali, B. ...................... 2016
Alayont, F. ... 1003
Alberts, K. ........ .. 2118
Albree, J. ... 556

x Aldroubi, A. ... 936

* Alexander, D. S. .......... 591
Alford, J. G. ......... 1523

* Algom-Kfir, Y. ... 82
Alhakim, A. M. ... 433

ST 809
..... 830
1576

xAllen, L. J. ... 66
Allen, R. F. ... 2105

<Allenby, M. ....... 2242

» Allison, M. E. ... 2193
Allocca, M. P. ... 1226

<Alpert, H. ..................... 700

*x AlSharawi, Z. ...... 2028
Altomare, C.J. ............ 691
Aluffi, P. ... 844
Alvarado, A. .............. 1618

* Anastassiou, G. A. ... 2041

* Andersen, K. ... 39
Andersen, T. D. ......... 1254

116

* Anderson, D. E. ......... 1997
* Anderson, D. R. ........ 2040
*» Anderson, M. B. .......... 911
Anderson, S. ... 1017
* Anderson, S. W. ... 1913
* Anguelova, I. I. ... 1373
Ankney, R. M. ... 491
*x Annaby, M. H. ... 937
x<Anselm, M. ................. 572
Aouina, M. .......... . 1222
Archdeacon, D. ......... 1885
Archey, D. ... 2212
» Arellano, J. J. ................ 229
Arganbright, D. E. ... 1777
s Arias, A. ... 1673
x» Armond, C. ... 1423
» Armstrong, J. K. ........ 1224
Arney, C. ... 728
Arney, C. ... .. 2156
Arney, K. ... 2164
Arrigo, D. ... 811
Aryana, C. P. . .. 2095
x Asadian, F. ... 67
<Ascher, K. B. ............. 2067
Ash,J. M. ... 1288
xAslan, B. C. ... 1385
Athanassov, Z. S. ... 1476
Athorne, C. ... 845
Atkinson, B.W. ............ 501
Attele, K. R. ...... .. 1293
Atwood, B. ... 161
Auby, K. . 151
Auckly, D. ... 145
* Auckly, D. ... 924
<Aung, T. ... .. 1284
e Auroux, D. ... 252
x Avalos, G. .................... 657
* Avalos, G. ...... .. 1654
xAvigad, J. ... 604
* Avigad, J. ....... 1665
x» Avsec, S. ... ... 1988
Awerbuch, T. Y. ... 824
Awtrey, C. ..o 219
Axenovich, M. . .. 2222
*Ay, B. 1395
Ayoola, E. O. ... 1753
Azarian, M. K. ..
<Azzam, A. A. ... 1572

Babenko, Y. ................ 2279
<«Backus, G. A. ... 248
*x» Badger, M. ..... .. 1445
Baeth, N.R. ... 2061
* Bagci, I .o 1362
Baggett, P. ... ... 198
Baggett, P. ... .. 1806
* Baginski, P. ............... 914
Baginski, P. ............. 2065
» Bahmanian, A. .. ... 124
Bailey, B. ........... ... 480
Bailey, B. ....................... 492
Bailey, B. ..................... 1097
* Bakalov, B. . .. 897
xBal, G. ... ... 346
xBall, J.A. ... 1672
»Ballif, S. C. ............... 2195
Balreira, E. C. ... 1231
» Bancroft, E. D. .. .. 2186
» Bancroft, E. E. ........... 2199
<«Banks, K.R. .................. 426
* Bao, E. S. ... .. 2015
*Bao, G. ... ... 348
Baraniuk, G. R. ........ 1823
* Barbaro, A. ............... 1200
Barbato, M. ... .. 738
Bard, G. V. ... 1571
Bard, G. V. ... 2066
Bardzell, M. J. ...... 517
Bargagliotti, A. E. 223
» Barghi, A. ... ... 119
Barker, A. T. ................. 800
* Barker-Plummer, D. .... 587
* Barnard, R. W. ......... 1929
Barnes, R. .......... . 2137
Barnett, J. H. .............. 1016
* Barrow-Green, J. E. ...... 595
Bart, A. ... 725
Bart, A. ... 1776
* Barton, A. E. ...... . 1442
* Basmajian, A.S. ... 671
*Basu, S. ... .. 1451
» Basyal, D. ...... .. 1556
x < Battista, C. ... ... 577
xBaum, P. F. ... 777
xBaum, P. F. ... 1410
Beanland, K. J. .. 1878
* Beattie, M. ................. 1338
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* Beaudrie, B. .................. 864
Beaver, C. L. ... ... 440
*» Beck, K. A. ... ... 646
<«Becker, A.D. ............. 703
Becker, J. L. ................. 175
* Becnel, J. J. . ... 632
Bede, B. ............ .. 1482
*» Bedrossian, J. P. ....... 1202
Beezer, R. .................. 1096
Beezer, R. A. .. ... 444
* Beheshti, R. ... ... 889
Behrens, C. ............. 2153
* Belinfante, J. G. ........ 1155
»Bell, J.R. ... 1302
oBell, R M. ................. 1895
* Bellan, P. M. ............. 1192
<Belli, H. M. ............... 1244
x» Bellsky, T. ... 1684
<Belmont, E. K. ............ 1850
Belock, J. A. ............... 1592
» Ben-Artzi, J. ............... 2266
* Benedetto, J. J. ... 621
Benesh, B.J. ...... ... 742
* Beneteau, C. .............. 581
* Bennett, A. G. ........... 1911
Bennett, C. D. ... ... 155
<Bennett, C. L. .... ... 435
* Bennett, M. A. .. ... 877
Benson, P.D. ............ 1620
<«Berchenko-Kogan, Y. 1. 2087
Bereketoglu, H. ........... 822
Berezovskaya, F. ....... 1472
Berg, J. D. ... 2129
«Berger, E. .... .. 690
* Berger, H. ... . 2042

Bergner, J. A. .
Bergner, J. A. ...
* Berkesch, C. ...
Berkove, E. .....
Berkove, E. .....
Bernard, K. J. .

Bernard, K. J. ... .. 1798
* Berndt, B.C. ............ 1659

Berndt, R. M. ............. 2280

Bernoff, A.J. ... 1325
* Bernoff, A. J. ... 1437
e Bertozzi, A. L. ...

«» Beshaj, L. ... .. 337
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Bhat, H. S. ... 1891
Bhatnagar, S. C. .......
Bhatta, D. ...........
Bhattacharjee, P.

Bialek, P. R. .........

* Bieske, T.J. ......

Birgen, B. ..........

Birgen, M. .........

* Bisch, D. ..........

» Biswas, S. ............

» Bjornsdottir, A. ..

*»Black, J. A. ...........
*» Black, J. A. ........

» Black, J. A. ........

» Blackwell, J. S. ... 1519

<«Blanca, A. ... 427
Blankenship, R. L. ....... 451

OBlass, A. ... 2291

* Blecher, D. P. .......... 1693

*x Bleiler, S. A. ............... 342

» Bleiler, S. K. ..... .. 1793

» Bliss, K. M. ....... .. 1241

*»Block, F. ..o 1994

Blodgett,R.J. ............ 2261

Boardman, M. E. ......

* Bocea, M. ............

* Bociu, L. ... 664
Boersma, S. .................. 445
Boggess, A. ...... 1107
Boggess, M. ..... .. 1106
Boindala, P. S. ........... 1063

* Bokil, V. A. ... 654
Bokil, V. A. ... .

Bolt, M. D. .......

Boman, E.C. .............
*xBona, ). L. ... 48
xBona, J. L. ........

» Bond, M. R. ......

»Bond, W. O. ... 1546

<« Boniece, C. ................ 2068
Bonin, J. ... 17

* Bonin, J. E. .......... .. 2004

» Bonsangue, J. E. .......... 842

<Bonz,C. ... 500
Bookman, J. ... .. 1801
Boone, R. ......... ... 1858

<Booth, P. ...................... 415
Borden, A. G. ... 1559

* Borgers, C. ....... 1959
Boros, D. .......... 2090

»Boros, N. ......... ... 2287

x Borwein, J. M. ... 611

* Borwein, J. M. ... 1663

* Borwein, J. M. ... .. 1939

» Bosko, L. R. .................. 789

* Boston, N. ................... 598
Bourchtein, A. ... 795

<Bousany, Y. ... 769
Bouthellier, P. R. ......... 558
Bouthellier, P. R. ....... 1575
Bowlin, G. S. ... .

» Bowling, S. A. ...

* Bowman, D. C. .........

* Boyer, R.P. ... 1933

mBozeman, R. ... 1647
Brabenec, R. L. ...

* Bradley, R. E. ......

* Brady, N. P. ............... 1212
Branker, M. M. .......... 1316

» Bravo, D. ...........

* Bray, W. O. .................. 310

JANUARY 2011

< Brayer, W. K. ............... 684

»Brazas, ). T. .............. 1223

* Brechenmacher, F. ... 873

» Breeding, J. E. ............ 1493

* Bressoud, D. M. ....... 1323

x Brett, A. ................ ... 2026

* Breuillard, E. F. .............. 97
Brilleslyper, M. A. ..... 2159
Brisbin, A. ... 250
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