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ABSTRACT: The aim of this course is to provide a self-contained introduc-
tion to partial differential equations (PDEs), mainly focusing on linear equa-
tions, but also providing some perspective on nonlinear equations. The course
starts with a detailed introduction to the theory of distributions, going from the
basic properties of distributions to resolution of some classical PDEs. The sec-
ond part is devoted to the study of the Fourier transform acting on tempered
distributions. In the third part, we apply the tools developed in the first two
parts to solve linear versions of some equations of the mathematical physics
such as, for example, linear wave, Schrödinger, and heat equations. In the last
part, we study the well-posedness of the nonlinear heat equation and some
basic properties of its solutions.

SYLLABUS

1. Introduction to distributions: function spaces, operations on distributions,

order, support, first applications to linear PDEs

2. The Fourier transform: Schwartz space, tempered distributions, basic prop-

erties of the Fourier transform, Paley–Wiener theorem, Sobolev spaces, applica-

tions

3. Linear partial differential equations: linear wave, Schrödinger, and heat equa-

tions, Dirichlet problem for the Laplacian, elements of the spectral theory of the

Laplacian

4. Nonlinear heat equation: existence and uniqueness of solution of the Cauchy

problem, parabolic regularisation, dissipative properties, elements of the theory

of attractors
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