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Description: In this Partial Differential Equations (PDE) topics course we begin with background
material from Fourier Analysis and Distributions. Then, we will introduce Sobolev spaces and discuss
their main properties including the Sobolev Imbedding Theorem and the Algebra property. From
the linear PDE we will discuss the Laplace, Heat, and Wave equations as models of linear elliptic,
parabolic, and hyperbolic equations. Also, we will discuss the linear Schrédinger and the linear KAV
equations. From the nonlinear PDE we will consider the Korteweg-de Vries (KdV) equation and the
nonlinear Schrédinger equation (NLS) as the basic models of dispersive equations describing water
waves and nonlinear optics, among many other physical situations. For these we will present traveling
wave solutions (solitons) and will discuss their initial and boundary value problems. Also, we will
discuss a diffusion equation with variable coeflicients that arises in finance and economics as an asset
pricing model.

Our main objective is to introduce the students to some aspects of the basic theory of PDE. No
prior knowledge in PDE is assumed. However, it is expected that students are familiar with basic Real
Analysis (Lebesgue integration and differentiation). This course should be of interest to graduate
students in Mathematics, Sciences, Engineering, Finance and Economics.

Prerequisites: Basic Analysis I. Some familiarity with Ordinary Differential Equations is desirable
but not a prerequisite. Exposure to an undergraduate PDE course is helpful but not required.
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Syllabus (Tentative)
I - The ODE Theorem in R™ and Banach Spaces

IT - Introduction to Fourier Analysis and Distributions

II-1  The Schwartz Space S(R™)

II-2  The Fourier Transform on S(R™)

II-3  The Space of Temperate Distributions S'(R™)
II-4  The Space &'(X)

II-5  Test Functions and Convolutions

I1I-6  Distributions on Open Sets

II-7  Operations on Distributions

II-8  Fundamental Solutions

II-9  Paley-Wiener-Schwartz Theorem

IIT - Sobolev Spaces

III-1  Definition and Basic Properties
ITI-2  Sobolev’s Imbedding Theorem and Algebra Property

IV - Laplace, Heat and Wave Equations (Fundamental Solutions)

V - The Linear Schrédinger and Korteweg-de Vries Equations (Cauchy Problem)
VI - Well-posedness of the Burgers Equation in Sobolev Spaces (Basic results)
VII - Well-posedness of the KdV Equation in Sobolev Spaces (Basic results)
VIII - Well-posedness of the NLS Equation in Sobolev Spaces (Basic results)
IX - Initial-Boundary Value Problems (The Fokas approach)

X - The Cauchy-Kovalevski Theorem



