
NORTH BRITISH FUNCTIONAL ANALYSIS SEMINAR

A meeting of the North British Functional Analysis Seminar will be held at the International
Centre for Mathematical Sciences (ICMS), India Street 14, Edinburgh, from Monday, 29 May
2006, 1pm to Tuesday, 30 May 2006, 12 noon. The meeting starts with a postgraduate talk
introducing some of the background of Prof Tolsa’s lectures.

Postgraduate talk

Dr. Martin Dindos

University of Edinburgh

Singular integral operators and Cauchy transform

May 29, 1.00pm

Prof. Xavier Tolsa

Universitat Autonoma Barcelona, Spain

The Cauchy transform and rectifiability

May 29, 2.30pm and 4.00pm

Prof. Joachim Hilgert

Universiẗat Paderborn, Germany

Functional Analytic Aspects of Group Cohomology I and II

(and Applications in Mathematical Physics)

May 30, 9.30am and 11.00am



Abstracts:

The Cauchy transform and rectifiability . The Cauchy transform of a finite Borel measureµ
onC is defined by

Cµ(z) =

∫
1

z − ξ
dµ(ξ).

If f is aµ-measurable function onC, we setCµ(f) = C(f dµ). TheL2(µ) boundedness of the
singular integral operatorCµ is closely related to the recitifiability properties ofµ. For instance,
if E ⊂ C has finite1-dimensional Hausdorff measure (i.e. finite length) andµ coincides with the
arc length measure onE, then theL2(µ) boundedness ofCµ implies thatE is rectifiable. There
are other connected results where theL2(µ) boundedness ofµ is replaced by the existence of
principal values for the Cauchy transform, or by the finiteness of the maximal Cauchy transform.

In these two lectures we will review these results and other connected questions. We will
describe the techniques involved in their proofs. In particular, we will see that the notion of
curvature of a measure plays a key role in this problems.

Functional Analytic Aspects of Group Cohomology I and II. The Laplace-Beltrami operator
on a Riemannian manifold can be viewed as the quantization of the Hamiltonian for the geodesic
flow on this manifold. Typically the relation between the two domains are described in terms
of trace formulae. In the special case of the modular surfaces, Lewis discovered an additional
relation between eigenfunctions of the Laplace-Beltrami operator and functions constructed from
the dynamics of the geodesic flow. These functions were named period functions because of an
analogy with the period polynomials from the theory of holomorphic modular forms. As in
the case of holomorphic modular forms, period functions admit a cohomological interpretation.
More precisely, they show up as elements in group cohomology spaces of the modular group
with coefficients in a principal series representation ofSL(2,R). This cohomological approach
admits a generalization to much more general manifolds. It does present, however, also serious
technical problems caused mainly by the fact that the coefficient representations to be considered
are infinite dimensional. Typically, one has to work with various globalizations of a given Lie
algebra representation to the corresponding Lie group. These globalizations range form analogs
of the analytic/smooth functions to analogs of the hyperfunctions/distributions.

The goal of these lectures is to explain a number of interesting open problems in this area
whose solutions will probably require advanced functional analytic techniques. In the first lecture
I will provide the necessary background from representation theory and homological algebra. In
the second I will illustrate the functional analytic techniques used in existing work by presenting
the detailed proof of a Poincaré duality theorem which plays an important role in this context.
I will try to make the lectures accessible for graduate students with a strong functional analysis
background and basic knowledge of algebra and differential geometry.

All interested are welcome to attend.
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