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Sets and Functions:
Functions, relations, equivalence relations, Cartesian products, Axiom of Choice,
partial orders, total orders and Zornts Lemma.
Group Theory: Groups, subgroups, structure of cyclic groups, abelian groups, integers, integers modulo n,
order of an element, order of a group, homomorphisms (incl. isomorphisms, automorphisms, epimorphisms,
monomorphisms), properties of homomorphisms, groups of permutations (incl. groups of symmetries such
as the dihedral groups), Cayley's Theorem, linear groups, generators and relations for groups, direct and
semi-direct products of groups, the quaternion group, symmetric groups and groups acting on sets (G-sets),
cosets,index and Lagrange's Theorem, orbits and orbit decomposition of a G-set, transitive G-sets, stabilizers (isotropy subgroups), counting formula, faithful (effective) actions, cycle decomposition of a permutation,
even/odd permutations, conjugacy, the center of a group, the class equation, normality, normalizers, conjugate subgroups, automorphisms, inner automorphisms, factor groups and the isomorphism theorems, simple
groups and the simplicity of the alternating groups A, for n + 4, Jordan-Holder Theorem, fundamental
theorems of finite and finitely generated abelian groups, automorphisms of cyclic groups, Cauchy's Theorem,
Pgroups' Sylow Theory, commutator subgroups and abelianization, solvable groups, nilpotent groups.
Ring Theory

and Module

Theory:

o Elementary ring theory: Rings, subrings, groups of units, homomorphisms, ideals (Ieft, right, twosided), quotient rings, characteristic of a ring and characteristic subring, zero divisors, nilpotent elements, center of a ring.
o Special kinds of rings: commutative, integral domains, fields, division rings, quaternions, the rings
of integers and integers modulo ru, rational numbers, real numbers, complex numbers, matrix rings
over commutative rings, polynomial rings over commutative rings, group rings over commutative rings,
endomorphism rings, direct products of rings.
o Factorizati,on'in integral d,oma'ins:Division algorithm, Euclidean algorithm, Euclidean domains, PID's,
UFD's, irreducible elements and prime elements, gcd's, criteria for irreducibility, Gauss's Lemma,
Eisenstein's Criterion, ideals in commutative rings, principal ideals, maximal ideals, prime ideals; rings
of fractions, Iocal rings/localization at a prime ideal, field of quotients of an integral domain.
o Modules and, related, topics: Modules (incl. vector spaces), submodules, quotient modules, homomorphisms, cyclic modules and submodules, sums and intersections of submodules, direct sums, tensor
products, finitely generated modules, linear independence, free modules, basis, rank of a free module
over a commutative ring, exact sequencesof modules and short exact sequences,split exact sequences,
Noetherian rings and Noetherian modules, Hilbert Basis Theorem; algebras, modules over a PID, submodules of a free module of finite rank over a PID and structure of finitely generated modules over a
PID, canonical forms (rational, Jordan).
Fields and Galois Theory:
o Algebraic extensions, finite extensions, simple exlensions, degree, algebraic and transcendental elements, minimal polynomial of an algebraic element, transcendental extensions, characteristic and
characteristic subfield, n'h roots of unity and primitive n'h roots of unity, algebraic closure, algebraically closed field, existence of splitting fields, the Robenius map in characteristic p ) 0, perfect
field, repeated roots, formal derivatives.
o Extending embeddings of fields in algebraically closed fields, normal extensions and splitting fields, finite
fields, separable extensions, solvable extensions, solvability of polynomial equations p(r) :0; Galois
groups, Galois extensions, the Fundamental Theorem of Galois Theory; cyclotomic polynomials, Euler
ffunction, cyclotomic extensions and nth roots.

2

Linear Algebra:
Vector spaces, subspaces, quotient spaces, linear transformations, matrices, the link
between matrices and linear transformations, determinants, bases, existence of a basis, change of basis, dual
spaces, dual transformations, transposel null, row, column, and left null spaces, kernel, coimage, image and
cokernel oflinear transformations, spectral theoreml inner products and inner product spaces,orthogonality,
Gram-Schmidt process.

