MATH 241A : FOUNDATIONS OF APPLIED MATHEMATICS

California State University, Sacramento * Department of Mathematics & Statistics

This course covers elementary topics in metric topology and functional analysis designed to give students
a good foundation for further study in modern applied mathematics. It presents an introduction to metric
spaces, Banach spaces, Hilbert spaces, operators on Hilbert spaces, with applications to differential equations.
This course is offered in the Fall.

CATALOG DESCRIPTION

Topics from: Hilbert Space Theory, Operators on Hibert Space, Generalized Functions with Applications to
Sturm-Liouville Theory and Partial Differential Equations. Note: May be repeated for credit provided topic
is not repeated. Graded: Graded Student. Units: 3.0.

PREREQUISITES

Math 134 recommended.

COURSE OUTLINE

I. Review of Linear Algebra and Analysis (1 week)
II. Metric Spaces (3 weeks)

A. Metric Topology

B. Continuity

C. Convergence and Completeness

D. Compactness

E. Arzela-Ascoli Theorem

F. Peano’s Existence Theorem for Ordinary Differential Equations

(Students will learn about convergence and completeness in metric spaces and how to apply these
concepts to differential equations.)

III. Elements of Banach Spaces (2 weeks)

A. Contraction Mapping Theorem
B. Existence and Uniqueness Theorem for Ordinary Differential Equations

(Students will learn the elements of Banach spaces and an application of the contraction mapping
theorem to proving the existence and uniqueness of solutions of differential equations.)

IV. Elements of Hilbert Spaces (4 weeks)

A. Orthogonal Expansions
B. Theorems of Bessel, Parseval, and Riesz-Fischer
C. Linear Functionals and the Riesz Representation Theorem

D. Weak Convergence



V.

(Students will learn the elements of Hilbert spaces and its application to the Fourier series expansions
of functions.)

Operators on a Hilbert Space (4 weeks)

A. Self-Adjoint Operators

B. Spectral Theorem

C. Sturm-Liouville Theory

D. Partial Differential Equations and Separation of Variables

(Students will learn the elements of operators on a Hilbert space and their applications to solving
boundary value problems.)
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