	课程大纲

COURSE SYLLABUS

	1.
	课程代码/名称

Course Code/Title
	MAT7043偏微分方程数值解 

Numerical Solutions to Partial Differential Equations

	2.
	课程性质

Compulsory/Elective
	必修 Compulsory

	3.
	课程学分/学时
Course Credit/Hours
	3/48

	4.
	授课语言

Teaching Language
	中英文Chinese and English

	5.
	授课教师Instructor(s) 
	Alexander Kurganov教授、李景治副教授
Alex ander Kurganov, Professor; Jingzhi Li, Associate Professor

	6.
	先修要求

Pre-requisites 
	MA201a常微分方程A, MA303偏微分方程, MA325偏微分方程数值解
MA201a Ordinary Differential Equations, MA303  Partial Differential Equations，MA325 Numerical Solutions to Partial Differential Equations


	7.
	教学目标Course Objectives

	
	教授偏微分方程数值基本解法及其理论
Teach numerical methods for partial differential equations and the underlying theory.


	8.
	教学方法Teaching Methods 

	
	理论与编程并重，并辅以前沿课题应用
Teaching in both theory and programming, including applications to cutting edge problems

	9.
	教学内容Course Contents

	
	Section 1
	Part I. Numerical Methods for Elliptic Problems
Some model PDEs;

	
	Section 2
	Finite-Difference Approximations

	
	Section 3
	Finite-Element Approximations
- The weak formulation of BVPs;
- The Galerkin method;
- Piecewise polynomials and the finite element method;
- Convergence of the finite element method.

	
	Section 4
	Steady-States and Boundary Value Problems
- simple finite-difference methods

- local truncation error, global error

- weak formulation of boundary value problems

- the Galerkin method

- stability, consistence, convergence

- nonlinear equations

- high-order methods

- compact finite-difference schemes
- fast Poisson solver

	
	Section 5
	Part II. Numerical Methods for Time-Dependent PDEs
Finite-Difference Methods
- local truncation error and order of accuracy

- semi-discretization (method of lines): boundary conditions, stability and convergence

- fully-discrete schemes: general linear stability and convergence

- Lax equivalence theorem

- CFL condition

- Lax-Friedrichs scheme

- Lax-Wendroff scheme

- modified equation

- explicit and implicit schemes
- operator splitting methods

	
	Section 6
	Stability for Constant Coefficient Problems
- Fourier analysis for scalar equations and for systems
- eigenvalue analysis

	
	Section 7
	Variable Coefficient and Nonlinear Problems 
- freezing coefficients and dissipativity

- schemes for one-dimensional hyperbolic systems
- nonlinear stability and energy methods

	
	Section 8
	Dispersion and Dissipation
- dispersion relation, phase velocity, group velocity

- the wave equation

- the KdV equation
- Lagrangian methods

	
	Section 9
	Numerical Methods for Initial-Boundary Value Problems
- parabolic problems

- hyperbolic problems
- infinite or large domains and artificial boundaries

	
	Section 10
	Several Space Variables and Dimensional Splitting Methods 
- Alternating Direction Implicit scheme
- Locally One-Dimensional (LOD) scheme

	
	Section 11
	Finite-Volume Methods
- finite-volume piecewise polynomial approximations

- one-dimensional scalar conservation laws

- first-order Godunov and Lax-Friedrichs schemes

- total variation and nonlinear stability

- higher-order schemes

- systems of conservation laws

- multidimensional problems
- central and upwind methods

	
	Section 12
	Finite-Element Methods
- semi-discrete and fully discrete 

- convergence and stability
- discontinuous Galerkin methods

	
	Section 13
	Collocation and spectral methods

	10.
	课程考核Course Assessment

	
	出勤率（10%）+作业（20%）+期中（30%）+期末考试编程（40%）

Attendace(10%) + Assignment (20%) + Mid-term exam(30%) + final-term exam (40%)

	11.
	教材及其它参考资料Textbook and Supplementary Readings

	
	参考教材Textbook：
1、Understanding and Implementing the Finite Element Methods, SIAM press, 2010

Mark S. Gockenbach

2、偏微分方程数值解Numerical Solution of Partial Differential Equations: An Introduction, by K. W. Morton, D. F. Mayers, 人民邮电出版社, 2006.

3、偏微分方程的数值方法Numerical Partial Differential Equations: Finite Difference Methods, by J. W. Thomas, 世界图书出版社, 2005.
4、偏微分方程数值解讲义，李治平 编著，北京大学出版社, 2010.
其他参考资料Supplementary Readings：
1、微分方程数值解法，陆金甫，关治 编著，清华大学出版社, 2004.
2、Finite Difference Methods for Ordinary and Partial Differential Equations: Steady-State and Time-Dependent Problems, by Randall J. LeVeque, SIAM, 2007.

3、Finite Difference and Spectral Methods for Ordinary and Partial Differential Equations, by L. N. Trefethen, Cornell University, 1996.

4、R. J. LeVeque, Numerical Methods for Conservation Laws, Birkhauser-Verlag, 1990.

5、MATLAB Tutorial, to accompany “Partial Differential Equations: Analytical and Numerical Methods”, 2nd edition by Mark S. Gockenbach, SIAM, 2010.


