PHD TOPICS: SPECTRAL THEORY OF DIFFERENTIAL OPERATORS IN
MATHEMATICAL PHYSICS

Department of Mathematics, Stockholm University
Supervisor: Jonathan Rohleder

Spectral theory of differential operators has a long history in mathematics and physics, and
eigenvalues of the Laplacian and other elliptic operators appear in a variety of physical phe-
nomena, from the frequencies of a vibrating string or membrane to the energies of quantum
systems. Lord Raighley’s book The Theory of Sound from 1877 can be considered as the start-
ing point of modern spectral theory, and the field has taken an enormous development since
then, being stimulated greatly by the formation of quantum mechanics during the first decades
of the twentieth century. Nowadays spectral theory is a huge and immensely active field in
mathematics and physics.

PhD topics under my supervision may be connected to the interplay between the spectra of
differential operators and the geometry of the underlying space; this area of research is called
spectral geometry. Possible topics could for instance be

o differential operators on metric graphs (called quantum graphs), where relations be-
tween the eigenvalues and eigenfunctions on the one hand and the geometry and
topology of the graph on the other hand can be explored;

e shape optimization problems for partial differential operators such as the Laplacian, i.e.
questions similar to the subject of the famous Faber-Krahn inequality: within the class
of all Euclidean domains or Riemannian manifolds having a geometric quantity fixed
(e.g. fixed volume), which shape optimizes the first (or k-th) eigenvalue?

Projects under my supervision require a good knowledge in functional analysis and ordi-
nary or partial differential equations and a general interest in spectral theory, as well as the
willingness to carry out significant research within a lively area of mathematics.



