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Department of Mathematics Faculty of Science

MATH 441 (206441) NONLINEAR DIFFERENTIAL EQUATIONS 3(3/3-0/0)
Abbreviation NONLINEAR DIFF EQNS
Prerequisite MATH 267 (206267) or MATH 341 (206341)

Course Description
Introduction to nonlinear differential equations. Autonomous systems. Critical points. Theory of
stability. Limit cycles : van der Pol equation. Duffing equation : Jumps and Chaos. Approximate

solution methods : perturbation methods.

Course Objectives
1. To provide students with knowledge of the nonlinear phenomena often occurring in
some areas of applications.
2. To enable students to understand the theory of nonlinear differential equations.
Course Contents No. of Lecture Hours
1. Introduction to nonlinear differential equations 1

2. Autonomous systems

2.1 Phase plane 3
2.2 Critical points and linearlization 5
2.3 Periodic solutions 2
2.4 First integrals and integral manifolds 2
2.5 Some applications 3
3. Critical points 9

3.1 Two — dimensional linear systems
3.2 Critical points of nonlinear equations
3.3 Some applications
4. Theory of stability 6
4.1 Stability of equilibrium solutions
4.2 Stability of periodic solutions

4.3 Linearlization



Course Contents No. of Lecture Hours
5. Limit cycles 4
5.1 Limit cycles and the van der Pol equation
5.2 Application to the nerve impulse and visual perception
6. Duffing equation 2
6.1 Duffing equation and the jump phenomenon
6.2 Chaos
7. Approximate solution methods : perturbation methods 8
7.1 Perturbation methods
7.2 Gauge functions
7.3 Asymptotic expansions
7.4 Matched asymptotic expansions

Total 45
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