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COURSE DESCRIPTION

The course is an introduction to the study of elliptic partial differential equa-
tions (PDEs) using functional analysis and energy methods, with an emphasis
on regularity issues. An important part of the course is devoted to nonlinear
equations.

TEXT BOOKS

T will use either the celebrated book of L.C. Evans [3], or my sets of notes [9]
and [10].

CLASS WORK

Sets of exercises, mainly taken from Evans’ book, will be proposed to the stu-
dents and corrected in class.

EVALUATION

There will be a two-hour intermediate exam (on April 6) and a three-hour
final exam (on May 25).

Additionally, each student will make a short presentation of a topic of his/her
choosing during the semester.

GRADING

Oral presentation: 0.25; Intermediate exam: 0.25; Final exam: 0.5.


http://www.mat.uc.pt/~jmurb

SYLLABUS

0. CRASH COURSE ON SOBOLEV SPACES

1. SECOND ORDER LINEAR ELLIPTIC EQUATIONS

e Existence of weak solutions; energy methods.

e Smooth coefficients: difference quotients and interior regularity.

2. DE GIORGI-NASH-MOSER THEORY

e Hilbert’s 19th problem.
e Local boundedness and Holder continuity.

e Moser’s Harnack inequality.

3. THE CALCULUS OF VARIATIONS

e Fuler—Lagrange equation.

e Existence of minimizers: coercivity, lower semi-continuity and con-
vexity. Weak solutions of the Euler-Lagrange equation.

e Regularity. Unilateral constraints: variational inequalities; free bound-
ary problems.

4. AN INTRODUCTION TO THE co-LAPLACIAN

The Lipschitz extension problem.

e Comparison with cones.

Viscosity solutions of A,, = 0.

Harnack inequality and locally Lipschitz regularity.

e Uniqueness: the proof of Armstrong and Smart.
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