Representation Theory of Finite Groups, Fall 2017
Class: AMAT 620 (class number 10174). Meets Tuesday and Thursday, 11:45 am - 1:05 pm, in ES-142.

Instructor: Cristian Lenart, ES-116A, 518-442-4635, clenart@albany.edu.
Overview. This course is an introduction to the representation theory of finite groups, focusing on the symmetric group, and, to some extent, on the general linear group over a finite field. Representation theory studies “groups in action'”, i.e., the way in which a given group may act on vector spaces; in other words, we represent abstract groups as groups of matrices, which are more familiar objects. We are mostly interested in irreducible representations (the ones which do not contain non-trivial subrepresentations), which are the building blocks for the construction of all representations of a given group. The main questions in representation theory are related to: (1) the construction of irreducible representations; (2) the calculation of certain algebraic invariants of these; (3) the decomposition of other representations into irreducibles. 

Representation theory is a fundamental tool for studying group symmetry -- geometric, analytic, or algebraic -- by means of linear algebra. Its origins are mostly in the work of F. Frobenius, H. Weyl, I. Schur, and A. Young, about a century ago. Important advances have been made during last century, through the study of representations of more and more general groups, and through a better understanding of the subtle combinatorics involved, which led to some very explicit constructions and computations. Today, representation theory plays an important role in many recent developments of mathematics and theoretical physics. Some applications will be explored in this class too.

Syllabus. Complete reducibility and Maschke’s theorem. Character theory. Induction and restriction. Complex representations of the symmetric group (symmetric functions, Young tableaux, explicit constructions via Young symmetrizers and/or Young’s seminormal form, Frobenius’ formula for characters, enumeration under group action). A more advanced/specialized topic chosen from: random walks on the symmetric group, modular representation theory of the symmetric group, complex representations of the general linear group over a finite field. 
Prerequisite. Mat 520B or permission of instructor.

Text: 
1. P. Etingof et al., Introduction to Representation Theory (Student Mathematical Library), American Mathematical Society, 2011, ISBN 0-821-85351-1.

2. W. Fulton, J. Harris, Representation Theory. A First Course, Graduate Texts in Mathematics, 129, Springer-Verlag, 1991, ISBN 0-387-97495-4, 3-540-97495-4. 

3. W. Fulton, Young tableaux, London Mathematical Society Student Texts 35, Cambridge University Press, 1997, ISBN 0-521-56724-6 (paperback edition).

4. G. James and M. Liebeck, Representations and characters of groups, 2nd edition, Cambridge University, 2001, ISBN 0-521-00392X (recommended).
5. Other source(s) related to the more advanced/specialized topic.
Evaluation: Your grade in this course is based on solving the problems on the weekly problem sets. 
Homework. You are allowed to work together on the problem sets (just discuss ideas, and everyone writes up his/her own solution). All problems assigned during one week will be collected at the end of the following week. Late homework is accepted for half credit. You are welcome to ask for help (during office hours, or in class in case of short questions) after you made some attempts at the problems.
Office hours: Tuesday between 2:30 pm - 4:30 pm and Thursday between 3:50 pm - 4:50 pm.
Attendance: Attendance in class is an integral part of the course, and hence is required. Every absence starting with the fourth will lower your overall score by 5%. Absences are only excused upon presentation of written medical excuse or comparable evidence of an emergency.

Important: You typically have to spend twice as much time or more on studying outside of class than you spend in class. In particular, it is very important to work regularly on exercises in order to test your understanding and in order to master the required techniques. Reading the book is considered part of the homework. The assigned homework represents a bare minimum amount of work needed, so you are strongly advised to work on other problems in the book. Those having difficulty are urged to contact the instructor as soon as possible (not just before the tests and exam), and to come to office hours. You are also strongly encouraged to actively participate in class and exchange ideas with the instructor and your colleagues. 

Out of consideration for your fellow students’ efforts to learn, and your instructor’s efforts to teach, you are required to arrive on time for class and to remain seated (barring an emergency) until the class is finished.  For the same reasons, please turn off cell phones, do not surf the internet, play video games, read etc., or otherwise goof off and distract other people in the room. Loud eating or drinking, as well as repeated talking while the instructor or other students are talking are not allowed during the class. Repeated violations of any of the above rules shall be grounds for sanction or dismissal from the class.
