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Geva Yashfe

TITLE: Length and area in the plane

ABSTRACT: We’ll discuss the length and area of planar shapes, and the prop-
erties and relationships between these quantities. The title delineates a large area
of mathematics; in an attempt to encompass as much as possible within a short
length of time, our discussion will focus on convex sets and their finite unions.

Topics will include the isoperimetric inequality and Crofton’s formula, which
expresses the perimeter of a set by an integral over its number of intersections with
lines. A central theme will be valuations, which are methods of measurement that
are additive under cut-and-paste operations. In the plane, area, perimeter, and
Euler characteristic are three valuations that play a special role.

If time permits, we’ll also prove Hadwiger’s containment theorem: if C and D
are two compact convex subsets of the plane such that

2π(A(C) +A(D)) > L(C)L(D),

where A is area and L is perimeter, then the interior of one of the sets contains a
congruent copy of the other.

The required background is some calculus and linear algebra. We will begin by
discussing the definitions of length and area.

Juan Diego Rojas

TITLE: irrationality proofs

ABSTRACT: There are way more irrational numbers than rational ones, but
proving that a specific real number is a rational number is always a challenge. You
can probably do

√
2. In these lectures I will teach you how to do many more, but

also I will explain why it is such a difficult problem.

Joe Jackson

TITLE: Functional inequalities for probability measures

ABSTRACT: My plan in these lectures is to introduce some functional inequal-
ities for probability measures on Euclidean space. In particular, I will discuss (i)
the Poincare inequality, (ii) the log-Sobolev inequality, and, time permitting (iii)
transport-entropy inequalities. I will sketch some applications to concentration of
measure and the long-time behavior of diffusion processes. Finally, I will prove
these inequalities in the Gaussian case, and wave my hands about how to show
that some broader classes of measures also satisfy these inequalities.
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Jacob Fiedler

TITLE: Fractal geometry and Kolmogorov complexity

ABSTRACT: Geometric measure theory is a branch of math that examines
how the geometric structure of a set influences its size. For fractal sets, these
kinds of problem can often be rather subtle. For instance, how does the size of a
”typical” shadow of an infinitely detailed fractal tree compare to the size of the
tree itself? To begin, we’ll make the idea of ”size” rigorous with several notions
of fractal dimension, especially Hausdorff and packing dimension. Equipped with
these notions, we can more precisely state a number of questions in geometric
measure theory. Next, however, we will take a surprising detour into algorithmic
information theory, introducing the idea of Kolmogorov complexity. It turns out
that it is possible to characterize the Hausdorff dimension of a set in terms of
the information content of individual points in the set, and likewise for packing
dimension. In addition to connecting two seemingly very distinct areas of math,
this ”point-to-set principle” turns out to be very useful in GMT. We will close
by studying some applications of these algorithmic tools recently used to establish
novel results in geometric measure theory.

Although it will be helpful to have experience with basic mathematical analysis
(at the level of, say, the 16000s sequence), we will assume no knowledge of the main
topics from the audience.

Michael Barz

TITLE: Calculus 5, Continuing

Alexander Razborov

TITLE: Recent Advances in Combinotarics
ABSTRACT: In several last years and even months the field of combinatorics

has seen very exciting major developments including but not limited to:

• solution of the Polynomial Freiman-Rusza conjecture in vector spaces over
finite fields;

• essentially optimal upper bounds in Szemeredi’s theorem on 3-term arith-
metic progressions;

• an unexpected “AI” counterexample to Erdös’s “unit distance” conjecture;
• a counterexample to Erdös-Szemeredi sum-product conjecture over the re-
als;

• tight lower bounds for off-diagonal Ramsey numbers.

In these lectures I will attempt to provide necessary background and formulate
some of these results.

Howard Masur

TITLE: The mathematics of billiards

ABSTRACT: Consider a domain in the plane with a simple closed curve as
boundary. Take a point and direction and move along a straight line in that direc-
tion at unit speed. When the path hits the boundary the angle of reflection equals
the angle of incidence. The resulting study of the long term behavior of this billiard
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path is an example of what is called a dynamical system. I will introduce some
basic ideas that arise in the study of dynamical systems with a focus on the case
where the region is a polygon. A fundamental example that I will discuss will be
the case of billiards in a square.

Ben Lowe

TITLE: Hyperbolic 3-manifolds, arithmetic, and group actions on trees

ABSTRACT: The goal will be to describe the proof of the following theorem due
to Bass: Let M be a complete hyperbolic three-manifold of finite volume. Then
either π1(M) is conjugate to a subgroup of PSL(2, O), where O is the ring of
algebraic integers, or M contains a closed incompressible surface (not homotopic
to a cusp).

Since I will attempt to give proper background and context for this theorem (e.g.
what are the objects involved, why would you care), I’m not sure if we will get all
of the way there in three lectures. But what goes into the proof is a beautiful mix
of tools and ideas from number theory, 3-manifold topology, and geometric group
theory of broad utility and interest, so even if we don’t get all the way there I think
it will be worthwhile.

Peter May

TITLE: An algebraic topology smorgasbord, Continuing. A proof of complex
Bott periodicity in weeks 3 and 4, then perhaps more on spectral sequences.

Sidhanth Raman

TITLE: A Topological Approach to Enumerative Geometry

ABSTRACT: Enumerative algebraic geometry is the study of counting solutions
to systems of algebraic equations — in some sense, it is one of the oldest fields of
mathematics. It turns out that many classical theorems in enumerative algebraic
geometry (e.g. the 27 lines on smooth cubic surfaces, the 28 bitangents to planar
quartics, the degree-genus formula, etc.) can be understood and proven using the
basics of topology and intersection theory. In this mini-course, we will discuss how
to recast these algebro-geometric problems into topology, and then use topological
methods to solve them.

Tina Torkaman

TITLE: Hyperbolic surfaces and their Teichmüller space

ABSTRACT: In this series of lectures, we will begin with the basics of hyperbolic
surfaces and introduce their Teichmüller space. We will then explore the topology
and geometry of Teichmüller space.


