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Abstract: We start by presenting Cauchy’s equation of motion, and the equations of nonlinear elasticity.
Then, we interpret those equations as a minimization problem, and prove existence of minimizers. We will put
examples of realistic constitutive equations, with emphasis on isotropic materials. Then, we present the notion
of quasiconvexity as a necessary and sufficient condition for lower semicontinuity in the vectorial calculus of
variations. As an aside, we make some comments on the scalar case. Finally, we show how variational models can
explain phase transitions in crystal solids, and also the shape-memory effect.

Programme:

1. Introduction to Solid Mechanics. The equations of Elasticity.

2. Hyperelasticity. Nonlinear elasticity as a minimization problem. Polyconvexity. Existence of minimizers.

3. Constitutive equations. Isotropic materials.

4. Quasiconvexity and lower semicontinuity. Aside on the scalar case.

5. Phase transitions in crystal solids. Compatibility of gradients. The shape memory effect.
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Rigorous computations for the study of dynamical systems
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Abstract: Studying and proving the existence of solutions of nonlinear dynamical systems using standard
analytic techniques is a challenging problem. In particular, this problem is even more challenging for partial
differential equations, variational problems or functional delay equations which are naturally defined on infinite
dimensional function spaces. As a consequence of these challenges and with the recent availability of powerful
computers and sophisticated software, numerical simulations quickly became one of the primary tool used by
scientists to conjecture the behavior of the dynamics of the above mentioned nonlinear equations. A standard
approach adopted by mathematicians is to get insights from numerical simulations to formulate new conjectures,
and then attempt to prove the conjectures using pure mathematical techniques only. As one shall argue, this
strong dichotomy need not exist in the context of dynamical systems, as the strength of numerical analysis and
functional analysis can be combined to prove, in a direct computational way, existence of solutions of infinite
dimensional dynamical systems. The goal of this series of lectures is to present such rigorous numerical methods
to the context of proving the existence of steady states, time periodic solutions, traveling waves and connecting
orbits of differential equations. If time permits, we shall discuss about how to combine the information from the
rigorous computations together with topological methods to prove the existence of chaotic dynamics.

Programme:

1. Introduction to dynamical systems: equilibria, periodic solutions, connecting orbits, chaos.

2. Introduction to rigorous computations: fixed point theorems, validation continuation, analytic estimates [1].

3. Rigorous computations of equilibrium solutions of partial differential equations [2, 3].

4. Rigorous computations of periodic solutions of functional delay differential equations [4, 5].

5. Rigorous computations of traveling waves in partial differential equations and connecting orbits in ordinary
differential equations [6].

6. Topology, braids and chaos in ordinary differential equations [7].
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