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When elliptic or parabolic differential equations on a domain with a non-trivial geometry have to be solved
numerically, Finite Element Methods are often the first option. The central topic of this course is the
mathematical analysis of this class of methods, in particular their construction, stability, and accuracy.
The following aspects will be adressed:

• Weak formulation of elliptic boundary value problems, well-posedness

• Finite element methods for elliptic problems

• Multigrid methods

• Elliptic eigenvalue problems

• Mixed methods for saddle point problems

• Finite element methods for parabolic problems

• Discontinuous Galerkin methods (if time permits)

This course is closely related to my lecture “Einführung in das Wissenschaftliche Rechnen” (summer
term 2016), which was focused on practical aspects, in particular implementation. The current lecture,
in contrast, will be devoted to theory, in particular well-posedness and error analysis. Both lectures are
independent, i.e. “Finite Element Methods” can be attended without having attended “Einführung in
das Wissenschaftliche Rechnen”.
The course consists of a lecture and problem classes, both given in English. Participants are expected to
have basics in numerical mathematics (methods for linear and nonlinear systems, numerical integration,
interpolation etc., as taught in the courses “Numerische Mathematik 1+2”). Some knowledge in functional
analysis (in particular Sobolev spaces) is helpful, but not a mandatory prerequisite. Programming skills
are not required.
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