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Information about the course

Course Authority: A/Prof. William McLean RC-2085.

Consultation: See my timetable on the course home page.

Credit: This course counts for 6 Units of Credit (6UOC).

Prerequisites: Students taking MATH3101 must have previously passed 12 units

of credit in Level 2 Math courses including

• MATH2011 or MATH2111, and

• MATH2120 or MATH2130 or MATH2121 or MATH2221.

The alternative prerequisites for Engineering students are either MATH2019(DN)

and MATH2089, or else both MATH2069(CR) and MATH2099.

In addition to these formal prerequisites, students must have some prior

experience with simple computer programming. The presentation of topics

assumes that students are already familiar with key concepts of procedural program-

ming, including input/output statements, for-loops, if-statements and function calls.

For instance, a satisfactory result in any of the following courses should provide a suf-

ficient computing background: MATH2301, MATH3311, MATH2089, CVEN2002,

CVEN2702, SCIF1131, ENGG1811, COMP1511, COMP1911. More details about

computing in Math3101/5305 are given below. If you are unsure, please speak with

me.

The graduate course MATH5305 assumes prior study equivalent to the above.

Exclusions: MATH3301.

Classes: Students in Math3101 and Math5305 attend the same classes shown in

the table below. There are three lectures per week except in weeks 6 and 10.

The tutorial and the computing class meet every week.

In Week 8, there will be no Lab computing class; instead, you will sit a test in the

Computer Lab, possibly in a different time slot from your regular lab class.
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TELT: All course materials will be available on the course home page, which is

accessed by logging on to

http://moodle.telt.unsw.edu.au/my/.

You should check regularly for new materials.

Course aims

MATH3101/5305 introduces finite difference methods and finite element methods for

computing approximate solutions to partial differential equations. The theoretical

component of the course treats fundamental concepts including stability and con-

vergence, as well as some necessary topics in numerical linear algebra. The practical

component of the course addresses the computer implementation of finite difference

and finite element methods. In this way, students can develop a solid foundation

for employment or further study in a wide range of scientific and engineering fields

that rely on numerical modeling.

Relation to other mathematics courses

MATH3101 is an elective third-year course that is a natural sequel to the second-

year course MATH2301 Mathematical Computing. MATH3311/5335 Mathematical

Computing for Finance has similar aims to MATH3101/5305 but with a focus on

applications in finance. In some years, the School of Mathematics and Statistics

offers an honours course on related topics.

Student Learning Outcomes

The theoretical component of the course will enable you to

• formulate a finite difference approximation to a partial differential equation;

• derive the weak form of an elliptic boundary-value problem and hence formu-

late an appropriate finite element method to compute an approximate solution.

• employ Taylor expansions to estimate the local truncation error and the order

of consistency of a finite difference scheme;

• determine when a scheme is stable;
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• exploit sparsity and other matrix structure to solve a system of linear equations

efficiently.

The practical component will teach you how to implement finite difference and finite

element methods in an approriate programming language.

Assessment

The components of your final mark for the course are as follows:

Class Test Week 4 20%

Computing Test Week 8 15%

Assignment Week 10 15%

Final Exam July 50%

Refer to the course home page for further details, such as the topics covered in the

Class Test. In week 2, you are expected to hand in a tutorial exercise as a way of

receiving early feedback about your progress.

Although most of the assessment is common between Math3101 and Math5305,

parts of the assignment and final exam will be more difficult for students enrolled

in Math5305.

Reference books

There is no prescribed textbook for the course, but you may find the following texts

useful.

• Randall J. LeVeque, Finite Difference Methods for Ordinary and Partial Dif-

ferential Equations: Steady-state and Time-dependent Problems

• Mark S. Gockenbach, Understanding and Implementing the Finite Element

Method, SIAM, 2006, 518.25/2

• Claes Johnson, Numerical Solution of Partial Differential Equations by the

Finite Element Method, Dover, 2009, 518.64/4, 518.64/4, 517.383/207.

Some other suitable references are

• A. Iserles, A First Course in the Numerical Analysis of Differential Equations,

Cambridge University Press, 1996, P515.35/8
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• K. W. Morton and D. F. Mayers, Numerical Solution of Partial Differential

Equations, Cambridge University Press, 1994, P517.383/298

• Granville Sewell, The Numerical Solution of Ordinary and Partial Differential

Equations, Academic Press, 1988, P517.382/205

A general reference on scientific computing.

• Suely Oliviera and David Stewart, Writing Scientific Software: a Guide to

Good Style, Cambridge University Press, 2006, 005.3/65 A

The content of the course will be defined by the lectures, Moodle resources, the

tutorial problems and the lab exercises.

Syllabus

The syllabus for the course is defined by the lecture slides and the tutorial and

computer lab exercises. (The course notes include some additional material that is

not examinable.) The 22 lectures are divided into 6 topics, as follows.

1. Finite differences in 1D (4 hours)

2. Finite elements in 1D (6 hours)

3. Finite differences for parabolic problems in 1D (3 hours)

4. Finite elements for parabolic problems in 1D (3 hours)

5. Finite differences in 2D (3 hours)

6. Finite elements in 2D (3 hours)

Computing

The computing component of the course accounts for around one third of the assess-

ment. You will learn to implement numerical methods for solving partial differential

equations. The computing exercises and assignment are language neutral, that is,

you could answer them using a programming language of your choice. In practice,

you should use a high-level language suited to mathematical computing such as

Matlab (Octave), Python or Julia. Solutions to the lab exercises will be provided in

each of these three languages.
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School Rules and Regulations

Details of the general rules regarding attendance, release of marks, special consid-

eration etc are available via the School of Mathematics and Statistics Web site:

https://www.maths.unsw.edu.au/currentstudents/assessment-policies

The university has recently revised the rules for special consideration; follow the link

“Misadventure or illness” for details. Also note the additional assessment policies

under

https://www.maths.unsw.edu.au/currentstudents/additional-assessment
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