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Contents
Symmetries appear in many places in the natural sciences and can be understood through the notion of groups in abstract algebra. 
Representation theory, unites linear algebra, combinatorics, and group theory in an elegant way to study and also to concretize these abstract algebraic structures. This allows, one the one hand, from the from the view point of pure mathematics for interesting insights into group theory and, on the other hand, from a concrete point of view of applications, gives rise for techniques to use symmetries to simplify computations. 
This course will give an introduction into both of these aspects. In a first part we will give an introduction into the fundaments of representation theory of finite groups. This part will cover:
· The notion of representations and reducibility

· The theory of characters

· Abelian groups

· Induced Representations and Tensor products.

Building on these we will, in particular, study the representation theory of the symmetric group. Here we will see the beautiful connection between representation theory and combinatorics, in particular: 

· Young Tableaux and Young Modules

· Specht Modules

· Hocks and the Murnaghan-Nakayama rule 

· The theory of Schur functions
In a second part of the course we will study applications of these results in the context of computation. For example, via Fourrier transformations on finite abelian groups and block-diagonalizations of matrix algebras (with applications in optimisation, and numerical integration).

Form of teaching
The course is connected as a semi-virtual course with weekly virtual lectures/seminars, including course notes, as well as two in person meetings (3 days) of which one will be held at UiT and one at UiB,  and is partitioned in two equal parts: The first  will build up the theoretical background via lecture materials, and during the second part the students are expected to work in groups on concrete projects/topics exemplifying  applications or advanced topics. These projects will be presented during the second in person meeting. 
If needed will the meetings be held in hybrid form, too and a remote participation will be possible. The participants will be supported financially from the Pure Mathematics in Norway project to attend these meetings. 
Exam and assessment
The exam will be oral involving an external examiner. It will be evaluated with grades A-F according to the overall knowledge and the results of mandatory assignments. Time of exam: December 2021, dates upon agreement.
Recommended reading/syllabus 
(Books marked in bold face are highly recommended and the other books are additional resources)
· W. Fulton, J. Harris: Representation Theory. A First Course. GTM 129, Springer, 1991. 

· J-P. Serre: Linear Representations of Finite Groups. GTM 42, Springer, 1977. 

· B. Steinberg: Representation Theory of Finite Groups. Universitext, Springer, 2012. 
· G. James, A. Kerber: The representation theory of the symmetric group. Springer Lecture Notes in Mathematics 692, Springer. (1980)
· B. Sagan: The Symmetric Group Representations, Combinatorial Algorithms, and Symmetric Functions. Springer Graduate Text in Mathematics 20.  (2003)
