
Course Description
Math 581: Functional Analysis

Spring 2017
Instructor: Matthew Blair

Functional analysis is the study of vector spaces (in particular function spaces) and the operators
which act upon them. The subject has its roots in the solution of differential and integral equations
as well as in the mathematical foundation of quantum mechanics. Since then, it has evolved into
interesting and powerful subject in its own right. In this course, we will begin with the basic the-
ory of linear operators on Banach and Hilbert spaces, including the Riesz representation theorem,
Hahn-Banach theorem, and the Fredholm alternative. Spectral theory will also be covered, and a
major goal of the course will be to develop the spectral theorem for self adjoint operators.

Prerequisites: A background in measure theory and Lp spaces will be beneficial, but not required.
Knowledge of metric topology at the level of Math 510 and undergraduate complex analysis will
be required.

Textbook: Martin Schechter, Principles of Functional Analysis, Second Edition, American Mathe-
matical Society, 2001 (ISBN: 0-8218-2895-9).

Rough outline:

• Introduction: Motivation, definition and examples of Banach and Hilbert spaces and bounded
linear transformations. Other foundations of Hilbert spaces (Cauchy-Schwarz, orthogonal
complements, orthonormal bases).

• Dual spaces (Ch. 2 Schechter): Hahn-Banach theorem and consequences, Riesz representa-
tion theorem, compute the dual spaces of little `p and C[0, 1].

• Bounded linear operators (Ch. 3 Schechter): Adjoints and annihilators of subspaces.
Baire category theorem and its consequences: closed graph theorem, open mapping theorem,
uniform boundedness principle. Characterization of operators with closed ranges.

• Compact operators and the Fredholm alternative (Ch. 4 Schechter): Compact op-
erators and compactness of the adjoint, approximation by finite rank operators, Fredholm
Alternative.

• Spectral theory for compact operators: diagonalization of self-adjoint and normal com-
pact operators.

• Vector-valued integration (typed notes): existence of the weak integral for continuous
vector-valued functions.

• Spectral theory for bounded operators/holomorphic functional calculus (Ch. 6
Schechter): spectrum and resolvent sets, functions of operators defined by contour integrals
about the spectrum, calculus of such operators.

• Spectral theorem for bounded self-adjoint operators (Ch. 12 Schechter): positive
operators, existence of the square root, proof of the spectral theorem and some consequences.

• Introduction to unbounded operators (typed notes): basic definitions and examples,
definition of the spectrum and resolvent sets, self-adjoint extensions of an operator.


