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Objectives: We introduce the main methods of approximation of the solutions of partial differential
equations. We shall insist on the analysis of stability, consistence and convergence of the presented
methods. Computer programs will be realized for each method.

Necessary background: Numerical analysis, Partial differential equations

Evaluation : Exam (E)

Contents:

Introduction: Main types of partial differential equations. Elliptic equations and limit conditions. Heat
and wave equations. Transport equation. Convection diffusion equations.

Finite differences for elliptic equations: Finite differences. Consistence, stability and convergence of
the finite differences method in 1-D and 2-D. Methods of higher order. Domains with a curve boundary.
Finite elements method for elliptic equations: Lagrange finite elements and meshes of regular domains.
Approximations of elliptic equations. Cea’s lemma. Convergence conditions and error estimates.

Domain decomposition and multigrid methods

Finite differences for equations of evolution: Well-posed problems. Convergence, consistence and
stability. Lax’s theorem. Applications.

Approximation of parabolic equations: Semi-discretization and full-discretization. Trapezoidal
methods. Stability. Convergence. Fourier and energy methods. Von Neumann’s analysis.

Approximation of hyperbolic equations: Semi-discretization and full-discretization. Newmark method.
Stability. Convergence. Fourier and energy methods. Von Neumann’s analysis.
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