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Topics (January 2006 — June 2006)

� A l g e b r a - - - Rings, Modules and Algebras

• Rings :
– Polynomial rings, Zeros of polynomials, Resultants and Discriminants, Gröbner basis, Hilbert basis theorem.

Euclidean rings, Principal ideal domains and Factorial rings. Factorisation in rings.
– Elementary symmetric functions and Fundamental theorem on symmetric functions. Proof of Fundamental

theorem of Algebra.
– Prime ideals and Maximal ideals — Chinese remainder theorem.
– Noetherian rings and Modules, Graded rings and modules, Formal power series rings.
– Local rings, Nakayamma-lemma. Localisation, Primary decomposition, Integral extensions.

• Modules :
– Module Homomorphisms — Basic theorems, Exact sequences.
– Projective and Injective modules.
– Hom and Duality. Tensor Products. Multilinear algebra.
– Modules over PID. Jordan Cannonical form.

• Algebras :
– Finite algebras over a field — Finite dimensional division algebras.
– Finite type algebras over a field — Noether’s normalisation lemma.

� A r i t h m e t i c - - - Algebraic extensions, Galois theory and Algebraic number theory

• Galois Theory :
– Finite and Algebraic extensions. Algebraic closure, Algebraically closed fields.
– Splitting fields, Normal extensions. Separable and inseparable extensions. Primitive elements. Finite fields.

– Galois Extensions. The fundamental theorem of Galois theory, Galois groups of polynomials. Solvable
and radical extensions. Insolvability of the Quintic, Computation of Galois groups over the field of rational
numbers.

– Norm and Trace. Roots of unity, Cyclotomic extensions. Cyclic and Abelian extensions.
– Normal basis theorem.
– Infinite Galois extensions.

• Algebraic Number Theory :
– Integral extensions — Integral closure. Algebraic Number Fields and Algebraic integers.
– Resultants and Discriminants. Integral Bases.
– Discrete valuation rings and Dedekind domains.
– Lattices — Minkowski theory. The class number, Finiteness of class number, Dirichlet’s unit theorem,
– Differents and Discriminants.

� G e o m e t r y - - - Basic Algebraic Geometry
– Affine varieties, Algebra-Geometry Dictionary : Various forms of Hilbert’s Nullstellensatz, Ideal-Variety

correspondence, Irreducible varieties and Prime ideals, Decomposition of a variety into irreducibles.
– The prime spectrum of a ring — Affine schemes.
– Projective algebraic geometry — Projective varieties, Bezout’s theorem, Elliptic curves.
– The Dimesion of a variety — The Hilbert function and the Dimension, Elementary properties of Dimension,

Dimension and algebraic independence, Dimension and non-singularity.

� In S u p p l e m e n t a r y l e c t u r e s o n F r i d a y s - - -
• Groups : Groups actions — Sylow theorems. Permutations groups, Alternating groups, Special linear groups.

Solvable and Nilpotent groups.

• Linear Algebra (over commutative rings) : Theory of Determinants — Basic theorems on determinants, Affine
and Projective Geometry.

Topics for Seminars by Participants (January 2006 — June 2006)

– Sylow theorems.
– Structure of the unit group (Zm)× of Zm .
– Quadratic reciprocity.
– Free groups and the theorem of Nielsen and Schreier.
– Divisible abelian groups.
– Fermat’s two square theorem.
– Lagrange’s four square theorem.
– Matrix rings.
– Semi-simple rings and modules.
– Pell’s Equation and Continued fractions.
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