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Course Proposal Submitted to the COS Curriculum Committee

1. COURSE NUMBER AND TITLE: Math 478: Introduction to Partial Differential Equations with Numerical Methods.
Course Prerequisites: Math 203, Math 214/216 or equivalent.
Catalog Description: Introduces basic facts about partial differential equations, including elliptic equations, parabolic equations and hyperbolic equations.  Methods of solution, characteristics, initial/boundary-value problems, numerical approximation techniques.
2. COURSE JUSTIFICATION:
Course Objectives:  The objectives are to introduce students to analytical and numerical methods used for partial differential equations and to connect these ideas to applications of partial differential equations.
Course Necessity: Familiarity with partial differential equations and methods used to understand and obtain solutions are critical in many mathematical, engineering and scientific disciplines that undergraduate math and science students may encounter.  These topics are currently not addressed in a regularly-offered course.
Course Relationship to Existing Programs:

Course Relationship to Existing Courses: A course (Math 493: Topics in Applicable Mathematics, Partial Differential Equations) was given during the Summer 2007 as a pilot course as part of an NSF-sponsored program Undergraduate Research in Computational Mathematics.  
3. APPROVAL HISTORY:

4. SCHEDULING AND PROPOSED INSTRUCTORS:
Semester of Initial Offering:
Proposed Instructors:

5. TENTATIVE SYLLABUS: See attached.

MATH 478
Introduction to Partial Differential Equations with Numerical Methods
-- SYLLABUS --

Prerequisites:  Matrix Algebra (Math 203 or equivalent), Differential Equations (Math 214/216 or equivalent).
Credits: 3


Instructor: Anderson, Sander & Wanner
Office Hours: MTWR 12-1pm
Course Description:  The course shall introduce basic facts about partial differential equations, including elliptic equations, parabolic equations and hyperbolic equations.  Methods of solution, characteristics, initial/boundary-value problems, numerical approximation techniques.  
     
Lecture Content: 

· Introduction to PDEs: Mathematical background from linear algebra, multivariable calculus and ordinary differential equation; Derivation and classification of standard PDEs; Two-point boundary value problems.
· Initial Value Problems for ODEs revisited: basic theory; simple numerical methods – Euler, backward Euler, Crank-Nicolson; error and stability analysis.

· Separation of Variables, Fourier and Laplace Transforms.

· Elliptic Equations (theory): Maximum principle; Dirichlet problems; Laplace’s equation on the disk – Poisson kernel; Variational problems; Neumann problems.
· Elliptic Equations (numerical methods): Finite difference method – the classical five-point difference approximation.

· Elliptic Equations (numerical methods): Finite element method – piecewise linear elements on triangularizations; a priori and posteriori error estimates.

· Parabolic Equations (theory): Existence and uniqueness; Fundamental solution of the heat equation; Diagonalization; Variational formulation; Energy estimates; Maximum principle.

· Parabolic Equations (numerical methods): Finite difference method – basic scheme; discrete maximum principle; von Neumann stability; Multi-step methods; Bounded domains and boundary conditions.

· Parabolic Equations (numerical methods): Finite element method – semi-discrete schemes; Time discretization and stability.

· Hyperbolic Equations (theory): Characteristics and the initial value problem; Strict hyperbolicity; Symmetric hyperbolic systems; Energy estimates.
· Hyperbolic Equations (numerical methods): Finite difference method – single first order equation; CFL condition; Higher-order methods; Lax-Wendroff, Wendroff box for systems/boundaries.
· Hyperbolic Equations (numerical methods): Finite element method – semi-discrete case; Fully discrete case; Artificial viscosity; Discontinuous Galerkin.
· Introduction to other numerical methods as time permits: Collocation; Spectral methods; Finite volume; Boundary elements.
Homework: Homework assignments will be collected on a weekly basis.  These will include questions on theoretical aspects as well as numerical aspects (students will be expected to be able to complete homework assignments in Matlab).
Exams: A written in-class final exam will be given.

Grades: Homework (75%), Final Exam (25%) 

Required Texts: Numerical Methods for Partial Differential Equations by Evans, Blackledge, and Yardley, (Springer Verlag).   
Other Possible Texts: Partial Differential Equations and Numerical Methods, by Larsson and Thomee (Springer-Verlag, 2003); Introduction to Partial Differential Equations: A Computational Approach, by Tveito and Winther (Springer-Verlag, 2005, corrected 2nd printing);   Introduction to Numerical Methods for Differential Equations, by M. Holmes (Springer-Verlag, 2007).      









