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Content The fundamental problem of nonlinear elasticity is to study
the existence and properties of minimizers or stationary points of the elastic
energy functional

I(u) =

∫
Ω
W (Du(x)) dx.

Here Ω ⊂ Rn is an open and bounded set (the so-called reference configu-
ration of the elastic body) and u : Ω → Rn is a deformation. The stored
energy density function W is a map from the space Rn×n of n× n matrices
to R∪{∞}. This map has some physically naturally properties which make
the mathematical analysis quite subtle. In particular W is frame-indifferent,
i.e. W (RF ) = W (F ) for all R ∈ SO(n), and W (F ) =∞ if detF ≤ 0. These
seemingly harmless properties in particular imply in particular that W can-
not be a convex function. This rules out the use of ’soft’ functional analytic
methods.

Indeed, the study of the functional I led to interesting relations with a
number of other areas of mathematics, including geometric function theory,
the theory of quasiconformal mappings, compensated compactness and the
study of rigidity and flexibility phenomena.

The course will begin with the fundamental theorem of Ball [2] on the
existence of minimizers. We will then discuss a number of solved and un-
solved problems [3], including global invertibility of minimizers, regularity,
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validity of the Euler-Lagrange equations for minimizers and the existence
and analysis of highly oscillatory solutions in case W describes a materials
which undergoes a solid-solid phase tranformation.

If time allows, the course will also give an introduction to the behaviour
of thin elastic objects which show a strikingly different behaviour than bulk
elastic materials [1, 4]. They can easily undergo large deformations, form a
fascinating variety of complex patterns and often provide optimal structures.
For this reason they play a fundamental role in engineering as well as in
biology. From a mathematical point of view thin elastic structure are also
very interesting in view of their universal behaviour which is dictated by
geometry rather than the specific properties of a concrete material.

Prerequisites Sobolev spaces, some knowledge in partial differential
equations and functional analysis.
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