MTH3101: Functional Analysis

Pre-requisites: MTH2101, MTH2104
Course Description

Functional analysis is the branch of mathematics concerned with the study of spaces of functions. This course is intended to introduce the student to the basic concepts and theorems of functional analysis and its applications.

Course Objectives

By the end of this course, students should be able to:

· describe properties of normed linear spaces and construct examples of such spaces

· extend basic notions from calculus to metric spaces and normed vector spaces

· state and prove theorems about finite dimensionality in normed vector spaces

· state and prove the Cauchy-Swartz Inequality and apply it to the derivation of other inequalities

· distinguish pointwise and uniform convergence

· prove that a given space is a Hilbert spaces or a  Banach Spaces

· describe the dual of a normed linear space

· apply orthonormality to Fourier series expansions of functions

· state and prove the Hahn-Banach theorem

Reading List

The reading list will include but is not limited to the following texts.

1. E. Kreyszig, Introductory Functional Analysis with Applications, John Wiley & sons

2. N. Dunford and J. T. Schwartz, Linear Operators, General Theory,

Detailed Course Curriculum 
Metric Spaces

Definitions of metric spaces and examples, open sets, closed sets, neighbourhoods, convergence of sequences, Cauchy sequences, completeness

Normed Spaces

Definition of normed space and examples, properties of normed spaces, Banach spaces, finite dimensional normed spaces, subspaces, linear operators, bounded linear operators, linear functionals, linear operators and linear functionals on finite dimensional spaces, normed space of operators, dual space.

Inner product Spaces

Definition of inner product space and examples, properties of inner product spaces, Hilbert spaces, orthogonal complements and indirect sums, orthogonal sets and sequences, total orthonormal sets and sequences, representation of functionals on Hilbert space.

Fundamental Theorems of Functional Analysis and their applications

Zorn’s Lemma, Hahn Banach Theorem, Uniform Boundedness Theorem, Open Mapping Theorem, Closed Graph Theorem.

