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The course information as follows may be subject to change, either during the session because of unforeseen
circumstances, or following review of the course at the end of the session. Queries about the course should be
directed to the course instructor.

1. RIZH K Course Title BRI PS5 928 The Finite Element Method-- Theory and Practice
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Instructor(s), Affiliation& Dr. Jingzhi Li, Department of Mathematics
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Pre-requisites or Other | MA302 Functional Analysis B{# MA325 Numerical Solutions to Partial Differential Equations
Academic Requirements
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Courses for which this course
is a pre-requisite
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BEERPM KB H G SYLLABUS
# % B4 Course Objectives

To introduce the basic concepts in finite element which forms the basis for all applications of scientific calculation, applied
mathematics. The emphasis is on applications. The basic teaching goal is making student understand variational principle, finite
element technique and how to use software solving pde problem The basic aim is to teach students to handle the basic theory and
fundamental methods and technologies for finite element, to train students' scientific thinking and problem analysis and problem
solving skills, and to lay a good foundation for the subsequent courses.
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Tk %> Bk Learning Outcomes

After completing this course, students should master the basic concepts and methods in finite element. After learning this course, the
students should be familiar with a range of finite element methods and techniques for solving basic pde function. In particular, after
learning this course, the students should be able

1. to master the basic knowledge, deeply to understand and master the nature of the definitions, theorems, variational principle,
finite element technique. After the study, the students should be able not only to remember the above concepts and the finite element
theory, but also deeply to understand how to use finite element method slove real problem ;

2. to master the basic variational skills and be able to do it correctly;

3. to train the ability of thinking and to enhance the ability to do research ;

4. to improve the ability of solving practical problems. After learning this course, students should be able to use the learned
knowledge to establish a suitable model and to solve the life related mathematical problems.
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)

Part I. The Basic Framework for Stationary Problems (10H) :
1. Some model PDEs;

2. The weak form of a BVP;

3. The Galerkin method;

4. Piecewise polynomials and the finite element method;

5. Convergence of the finite element method;

Part Il. Data Structures and Implementation (14H) :

6. The mesh data structure;

7. Programming the finite element method: Linear Lagrange triangles;
8. Lagrange triangles of arbitrary degree;

9. The finite element method for general BVPs;

Part lIl. Solving the Finite Element Equations (16H) :

10. Direct solution of sparse linear systems;

11. Iterative methods: Conjugate gradients;

12. The classical stationary iterations;

13. The multigrid method;

Part IV. Adaptive Methods (6H) :

14. Adaptive mesh generation;

15. Error estimators and indicators; Bibliography; Index.

Bt R ESE%H Textbook and Supplementary Readings

Textbook:
Understanding and Implementing the Finite Element Method, SIAM press, 2010, by Mark S. Gockenbach

References
- ko 77 FEBUEf# Numerical Solution of Partial Differential Equations: An Introduction, by K. W. Morton, D. F. Mayers, A FHE
f, tH R kL, 2006.

- (Wi 7 FE R BUE 7772 Numerical Partial Differential Equations: Finite Difference Methods, by J. W. Thomas, tH 5 4 H il
#t, 2005.

- Wi T REBUE M TS AT g3, LRt ik, 2010,
- R TR RS, B R, %A W, TR RS ARG, 2004,

- Finite Difference Methods for Ordinary and Partial Differential Equations: Steady-State and Time Dependent Problems, by
Randall J. LeVeque, SIAM, 2007.

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

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

- MATLAB Tutorial, to accompany “Partial Differential Equations: Analytical and Numerical Methods”, 2nd edition by Mark S.
Gockenbach, SIAM, 2010.
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Type of Time % of final Penalty Notes
Assessment score

H &) Attendance 10%

WERI
Class
Performance

NIy

Quiz

BRI H Projects

SErENL 10%

Assignments

il Sy 30%
Mid-Term Test

BRER 50%

Final Exam

HARMRE
Final
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This Course has been approved by the following person or committee of authority




