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Department of Mathematics
Faculty of Science
MATH 441 (206441) Nonlinear Ordinary Differential Equations 3(3-0-6)
Abbreviation NONLINEAR ORDY DIFF EQON
Course Type M Lecture O Lab O practice/Practicum [ Cooperative Education
Measurement and Evaluation M A-F O s Op
Selected Topic in Specialized Field [ count the accumulated credits for graduation every times

O count the accumulated credits for graduation one-time only
Prerequisite : MATH 267 (206267) or MATH 341 (206341)

Course Description
One dimensional nonlinear differential equations, two dimensional nonlinear autonomous

differential equations, higher dimensional nonlinear autonomous differential equations, periodic solution

Course Learning Outcomes (CLOs) : Students are able to

CLO 1 : explain the behavior of the solution of a nonlinear differential equations without solving
the exact solution;

CLO 2 : find equilibria and determine their stability using linear analysis, graphical means and
Lyapunov stability methods;

CLO 3 : identify phase portraits in 1D and 2D systems;

CLO 4 : classify the stability of limit cycles;

CLO 5 : classify types of bifurcations in 1D and 2D systems.

Course Contents No. of Lecture Hours
1. One dimensional nonlinear differential equations 12
1.1 Introduction and geometrical point of view
1.2 Solution of nonlinear differential equations
1.3 Existence and uniqueness of solutions
1.4 Equilibrium points and linear stability analysis
1.5 Solutions by software
1.6 Bifurcations: saddle-node, transcritical, pitchfork
2. Two dimensional nonlinear autonomous differential equations 21
2.1 Geometrical point of view
2.2 Stability classification for linear systems
2.3 Phase plane and qualitative solutions

2.4 Linearization and stability classification for nonlinear systems



2.5 Existence and uniqueness of solutions

2.6 Lyapunov stability for autonomous systems

2.7 Solutions by software

2.8 Bifurcations: saddle-node, transcritical, pitchfork, Hopf
3. Higher dimensional nonlinear autonomous differential equations

3.1 Geometrical point of view in three dimensions

3.2 Exponential of matrices

3.3 Stability classification for nonlinear systems
4. Periodic solution

4.1 Limit cycles

4.2 Poincaré-Bendixson theorem
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