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AM 466b/562b: Finite Element Method

Winter 2005

Instructor: Dr. Weijiu Liu, email: wliu59@uwo.ca, Office: MC-259, ext. 88799 

Time and location:  Tuesday 3:00-4:00 PM, MC-6;  Friday 11:00 AM- 1:00 PM, P&AB-232 
Office hours: MC-259,  Tuesday 9:30-11:30 AM, Friday  1:30-3:30 PM, or by appointment.

Course description

 This course will cover principal ingredients of the Finite Element Method (FEM) for boundary value problems, including variational formulations, methods of approximation, convergence of approximations, triangular and quadrilateral elements, linear and higher-order shape functions, solution of steady state problems, solution of time-dependent problems, and programming techniques. This method is based on the idea of dividing the domain of the solution into a finite number of simple subdomains, the finite elements, and using variational concepts to construct an approximation of the solution over the collection of finite elements. Because of the generality and richness of the ideas underlying the method, it is an extremely powerful tool for constructing approximate solutions and has been used with remarkable success in solving a wide range of problems in structure analysis, elasticity, fluid dynamics, electromagnetics,  biomechanics, just to name a few.

For this introductory course, we will begin with a simple one-dimensional problem to introduce the essence of the FEM from both the mathematical and the computational point of view. We will then study two-dimensional problems with different elements including triangular elements and high-order isoparametric elements, and show how to implement the FEM in Matlab. We will end this course with a discussion on time-dependent equations such as diffusion problems. 

Since the course is designed for students from different backgrounds, the focus of the course will be on the theory, principal ingredients, and programming of the Finite Element Method. Its application will not be touched much and will be left as your future work.

You will be required to read the text and complete four assignments, two in-class quizzes, and a final analysis and computation project. There will be no final examination.

Prerequisite: Applied Mathematics 261b or the former Applied Mathematics 272a/b.

Corequisite: Applied Mathematics 315a/b or equivalent

Textbook

 Erik G. Thompson, Introduction to the Finite Element Method: Theory, Programming and Applications. John Wiley & Sons, Inc., 2004; plus hand-outs of lecture notes.

Book website: www.wiley.com/college/thompson All codes, example data files, and auxiliary codes are available for download on the website.

Main references 

· Eric B. Becker, G. F. Carey, and J. T. Oden,  Finite elements, an introduction, volume 1. Prentice_Hall, Inc., 1981.
· Kythe, Prem K., Wei, Dongming, An Introduction to Linear and Nonlinear Finite Element Analysis, A Computational Approach . Birkhäuser 2004.

· Cook, Robert D., Concept and Applications of Finite Element Analysis, fourth edition, John Wiley & Sons, 2002.
· T.J.R. Hughes, The Finite Element Method, Prentice Hall, 1987.
· C. Johnson,  Numerical solution of partial differential equations by the finite element method,  Cambridge University Press, 1987.
· K. Eriksson, D.  Estep, P. Hansbo, and C. Johnson, Computational Differential Equations. Cambridge University Press, 1996.
Programming
You need to know how to program in  Matlab, Fortran, C, or C++,  and familiarize yourself with a plotting package such as Techplot, gnuplot, or  use Matlab. Your programs MUST be well documented.

Homework
There will be four assignments and a final project. For the assignments, you must do them individually. However, for the final project, you are encouraged to find a partner to work together. If this is the case, you and your partner will get the same mark.  The final project is required to be written in the form of a journal article.

Quizzes: There will be two in-class quizzes, approximately one hour.
Grading Policy
· Assignments: 45%, 15% each of three best out of four assignments; 

· Quizzes: 30%, 15% each; 

· Final project: 25%. 


Useful Links: 
· FEMLAB: http://www.comsol.com/index.php 

· Finite element people: http://www-math.cudenver.edu/~lfranca/links/fem_people.html
· Finite element books: http://ohio.ikp.liu.se/fe/ 

· http://caswww.colorado.edu/courses.d/IFEM.d/Home.html 

Tentative Class Schedule:

Date
Topics

1/4, Tue
Syllabus,  Course outline

1/7,  Fri
Weak form, Galerkin approximations of a model problem, Fourier basis functions, finite element basis functions

1/11, Tue
Calculations of element matrices

1/14, Fri
Element assembly, example, and convergence; General 1D Problem: weak form, linear basis functions, linear finite element approximations

1/18, Tue
Calculations of element matrices, Element assembly

1/21, Fri
boundary condition treatments

1/25, Tue
Gaussian quadrature, programming

1/28, Fri
Programming continued and test problems

2/1, Tue
Three node elements, quadratic basis functions, calculations of element matrices

2/4, Fri
Calculations of element matrices, element assembly, and Programming 

2/8, Tue
Programming and test,  Lagrange polynomial shape functions of degree k, review of 1D problem

2/11, Fri
2D problem: Sobolev spaces, divergence theorem, weak form, three-node triangular elements, linear basis functions

2/15, Tue
Finite element approximations, Calculations of element matrices

2/18, Fri
Poisson’s equation, programming

2/22, Tue
Conference week, no class

2/25, Fri
Conference week, no class

3/1, Tue
Quiz 1

3/4, Fri
Programming continued and test

3/8, Tue
Higher-order element: discontinuity problems,  Isoparametric elements

3/11, Fri
Isoparametric elements, Element matrices calculations for higher-order elements

3/15, Tue
Element matrices calculations for higher-order elements

3/18, Fri
Boundary condition treatment

3/22, Tue
Boundary condition treatment

3/25, Fri
Good Friday, No class

3/29, Tue
Gaussian quadrature, Programming

4/1, Fri
Program test, introduction to time-dependent problems

4/5, Tue
Quiz 2

4/8, Fri
Introduction to time-dependent problems
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