
Math 594: Information on Final

Professor Karen E Smith

The Final for Math 594 will be an oral exam, lasting about 30 minutes per student, done privately
in my office. You may bring friends if you like. There will be an opportunity to sign up soon. All
exams must be completed before the end of the official final period.

There are three main topics covered, all having to do with group actions on sets. Be sure you
know the basics of group actions (orbit-stabilizer results!) and how they apply to the three main
topics we covered: Sylows theorems (and their use in classifying groups), Representation theory of
finite groups over C, and finally Galois theory.

You should be able to clearly state (and have some idea how to prove) all the main results, and
especially an arsenal of examples at your disposal. Can you give a non-abelian group with exactly
one proper normal subgroup? Can you tell me a non-trivial one dimensional representation of the
dihedral group D4? Can you give a non-abelian group, all of whose proper subgroups are abelian?
Can you find a set of cardinality 8 on which S4 acts transitively? Can you compute the stabilizers
for this action? Can you list the conjugacy classes of S5? What about the conjugacy classes of Z24?
Can you given an example of an abelian extension of Q of order 30? Can you give an example of
an irreducible two dimensional representation over R which is not irreducible over C? Can you give
an example of a quintic whose roots are not expressible in radicals? What about a quintic whose
roots are expressible in radicals? What about a field whose subfields are all linearly ordered? What
about an irreducible representation of Sn of dimension n − 1? What about a group all of whose
irreducible representation are one dimensional? How about a simple group? A non-abelian solvable
group? An irreducible inseparable polynomial over F7? A field extension whose Galois group is S9?
And so on....think up questions with your friends.

In addition, you will have an opportunity to present one new topic, of your choice, as part of the
exam. You can pick one topic from Dummit and Foote (or another source) on topics related to what
we did, but not covered explicitly. For example, you could discuss the constructibility of regular
n-gons (e.g., from DF), classification of groups of order 12 (e.g., from Mike Artin’s book), infinite
Galois extensions, or representation theory of Sn (e.g., from Fulton and Harris; David Speyer also
has notes on his webpage from when he taught 594). Another fun thing you could show if you
like number theory: every finite abelian group is the Galois group of some extension of Q. If you
choose this option, please tell me in advance the topic you are planning, so we can agree that it is
reasonable. Almost anything from DF chapters 5, 6, 13, 14, 18 or 19 that we didn’t cover would be
fine, but many other things would be too. This is optional! It is fine to just answer questions I
ask instead on the course material.
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