
Mathematics and Statistics, Memorial University PhD Comprehensive Exam

Syllabus for the Qualifying Review in

ALGEBRA

The examination will be based on the following topics:

1. Linear algebra: vector spaces, subspaces, quotient spaces, dual spaces, linear transformations, ma-
trices, change of bases, rank and nullity, determinants, eigenvalues and eigenvectors, rational and
Jordan forms of a matrix, inner product spaces, diagonalization of self-adjoint transformations and
Hermitian forms.

2. Groups: subgroups, Lagrange’s theorem, homomorphisms, normal subgroups, quotient groups, iso-
morphism theorems for groups, direct products, fundamental theorem on finitely generated abelian
groups, symmetric groups and alternating groups, group actions, Sylow theorems, automorphisms,
composition series, Jordan-Holder-Schreier theorem, nilpotent groups, solvable groups.

3. Fields: subfields, isomorphisms, algebraic and transcendental extensions, separable and inseparable
extensions, splitting fields, fundamental theorem of Galois theory, finite fields, algebraically closed
fields.

4. Rings: subrings, homomorphisms, ideals, quotient rings, direct products, matrix rings, polynomial
rings, Jacobson radical, Artinian and Noetherian rings, Wedderburn-Artin theorem, rings of quotients
of an integral domain, prime ideals, maximal ideals, Euclidean domains, principal ideal domains,
unique factorization domains.

5. Modules: submodules, quotient modules, isomorphism theorems for modules, free modules, projective
and injective modules, simple and semisimple modules, structure of finitely generated modules over
principal ideal domains.

6. Introduction to representations of finite groups: irreducible and completely reducible representations,
Maschke’s theorem, regular representation, characters.
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