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Analysis bloc

Numerical methods and deterministic PDEs. Numerical Ap-
proximation of Hyperbolic Systems of Conservation Laws (Afeintou
SANGAM).

The aim of this course unit is at familiarising students with base
methods of numerical computation and numerical simulation of Hy-
perbolic Systems of Conservation Laws, the most famous example of
which is gas dynamics, that is studied during this course. Numerical
illustrations on computers are proposed for the practical implementa-
tion of studied algorithms. It will be also shown how these methods are
integrated in the recent upgrades of major industrial computer codes
and, research software as RealFluids (Universität Zürich) and PlaTo
(INRIA and Université Côte d’Azur). Finally, it will be a timely op-
portunity to report how Mathematics and real applications interweave.
Contents

• Introduction to theoretical analysis of hyperbolic scalar equations
and systems of equations.
• Introduction to numerical approximation.
• Numerical schemes for hyperbolic scalar equations.
• Numerical schemes for hyperbolic 1-D systems of equations.
• Introduction to numerical schemes for hyperbolic 2-D scalar equations
and systems of equations.
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Analysis of PDEs. The Cauchy problem in collisionless kinetic the-
ory (N. Besse).
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The aim of this lecture is to present the state of art of the Cauchy
problem for the collisionless kinetic equations such as the Vlasov–
Poisson and Vlasov–Maxwell systems. Collisionless kinetic equations,
which are Hamiltonian systems, appear among others in plasma physics
and astrophysics. In plasma physics, these models describe accurately
the wave-particle interaction which plays a crucial role in turbulent
plasmas such as magnetic fusion plasmas (ITER project). In astro-
physics theses models allow to describe the large scale structure of the
universe such as clusters of galaxies and the dark matter. Here, we
present the theory of weak solutions and classical regular solutions.
Existence theory of classical solutions is based on natural a priori es-
timates like among others the conservation of energy, on the theory of
characteristics and on the control of the velocity support of the dis-
tribution function. Uniqueness follows from regularity properties of
classical solutions. Existence theory of weak solutions relies on a priori
functional estimates and on compactness results such as standard com-
pact embeddings in Sobolev spaces for the Vlasov–Poisson equations,
or averaging lemmas for the Vlasov–Maxwell system. Uniqueness of
weak solutions is a more tricky task and sometimes it is still an open
issue.
Contents:

1) Introduction: theory of characteristics; formal properties of
the Vlasov–Poisson and Vlasov–Maxwell systems; conservation
laws; basic a priori estimates.

2) Weak and classical solutions for the Vlasov–Poisson system.
3) Weak and classical solutions for the Vlasov–Maxwell system.

Mathematical models for physics. Mathematical modelling for cell
mechanics (R. Allena).

Cell mechanics plays a fundamental role in several mechanobiologi-
cal phenomena such as bone remodelling, cancer , embryogenesis and
immune response. During the last decades, biologists have started ex-
ploring the role of mechanics and more specifically of forces, stress and
strains exerted and undergone by the cells on their environment. Dur-
ing this course we will review the basic principles of continuum mechan-
ics in order to be able to address mathematical modelling for several
biological processes such as adhesion, migration, invasion and cell-cell
interactions. Various mathematical approaches based on ODEs, PDEs,
di↵usion-reaction equations or others will be presented in order to high-
light how phenomena happening at di↵erent scales can be modelled and
coupled to account for multiscale aspects. Specific focus will be on sin-
gle and collective cell migration as well as nucleus mechanics.


