
PHD COURSE:
PARADIFFERENTIAL OPERATORS AND DYNAMICS OF NONLINEAR PDES

ROBERTO FEOLA

Duration. 20 h . Exam: Seminar

Description. We shall discuss several modern tools of micro-local analysis with application to the
study of nonlinear partial differential equations. The aim of the course is to provide a self-contained
introduction to para-differential operators and show how they can be used to prove a priori energy es-
timates and build up local existence theory for some type of quasi-linear partial differential equations.
Time permitting, we shall discuss some applications to normal form theory for PDEs on compact
manifolds.

Outline program. The course will be essentially divided into three parts. At first instance we
will present some basic tools in harmonic analysis and we will provide an introduction to pseudo-
differential symbols to discuss symbolic calculus: compositions, adjoints, quantizations. Then we
will study the action of pseudo-differential operators in Sobolev spaces and generated flows.

In the second part of the course we shall introduce para-differential operators via quantizations
of symbols with limited regularity. We will then prove the paralinearizations theorems to rewrite
nonlinear expressions by para-differential expressions.

We will conclude with some applications to the Cauchy theory for some type of quasi-linear equa-
tions.
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[2] R. Feola and F. Iandoli. Local well-posedness for the quasi-linear Hamiltonian Schrödinger equation on tori. Journal
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Lecture Notes:
[9] G. Metivier, Para-differential Calculus and Applications to the Cauchy Problem for Nonlinear Systems

[10] R. Melrose, Introduction to Microlocal Analysis.

1


	Duration
	Description
	Outline program
	References

