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ME 580: Nonlinear Engineering Systems 
(Fall 2010) 

 
Instructor:  Anil K Bajaj, School of Mechanical Engineering, 
   Office: Room ME 368 or ME 211: Phone # 494-5688. 
 
Time and Place:  Tuesday, Thursday: 12:00 pm  - 1:15 pm, Room ME 256 
 
Text Book:  (1) Nayfeh, A. H. and Mook, D. T.: Nonlinear Oscillations, Wiley    
   Interscience, New York, 1979. 
   +  
   Class Notes. 
   + 
Reference: (2) Jordan, D. W. and Smith, P.: Nonlinear Ordinary Differential Equations, 3rd 

Edition, Clarendon Press, Oxford, 1999. 
 

Guest Lecturers: Professors Chuck Krousgrill, Arvind Raman, and Jeff Rhoads 

 
Grading: 
There will be about ten to twelve homework sets assigned during this class.  Each homework set will 
consist of problems that will vary from straightforward applications of techniques discussed in class to 
somewhat open-ended problems which may not have a “satisfying” answer.  Homework sets will require 
some analytical work on paper, and some use of numerical solutions through packages such as MATLAB, 
MATHEMATICA or MAPLE (your choice).  You are encouraged to use any of these packages that you 
are most familiar with.  If you are familiar with none, this is a good time to do so!  Mathematica, Maple 
and MATLAB are available in all computing labs in the ME building.  Homeworks are due in class one 
week from when they are assigned.  Late homeworks may be accepted only if you let me know in 
advance of a special circumstance.  The homework counts towards 40% of the total grade.  One take-home 
midterm exam will count for 15% and a take-home final exam will be worth 25% of the total grade.  There 
will be a project in the course and it will count for 20% of the course grade. 

 
Campus Emergencies: 
In the event of a major campus emergency, course requirements, deadlines, and grading policies are 
subject to change.  Any changes to the course will be announced via email to all the students. 

 

OUTLINE 

 
1. Introduction: 

Linear vs. nonlinear behavior, Classification of nonlinear Systems, Examples of structural, fluid-

mechanical and chemical/biological systems, Existence and uniqueness of solutions. 

2. First-order nonlinear systems: 

Autonomous systems: Equilibrium points, linear systems, invariant sets, linearization, phase 

diagrams and velocity fields, behavior dependence on parameters, bifurcations of equilibria 

(saddle-node, pitchfork and transcritical), implicit function theorem. 

Nonautonomous systems. 

2. Second-order nonlinear conservative/nonconservative systems: 

Phase plane analysis, equilibrium points, linearization, stability, periodic orbits and saddle points, 

potential function and phase portrait, parameter-dependent conservative systems, local 

bifurcations, examples of global bifurcations, effect of dissipative forces. 
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3. First-order system in the plane: 

General phase plane analysis, linearization, general solution for linear systems, classification of 

equilibrium points, limit cycles, Bendixon's criterion and Poincare Bendixon theorem. Point 

mapping techniques, exact transformations, and Poincare mappings. 

4. One-dimensional linear and nonlinear mappings: 

Fixed points, linearization, stability, parameter-dependent mappings, bifurcations. 

5. Perturbation and other approximate methods: 

a) Introduction to regular and singular perturbation expansions through 

algebraic and transcendental equations; roots of equations and dependence on parameters. 

b) Perturbation method for free oscillations, secular terms, frequency dependence on response, 

Poincare-Lindstedt technique for periodic solutions, Harmonic balance and Fourier series for 

periodic solutions. 

 c) Averaging methods, amplitude and frequency estimates, slowly varying amplitude and phase 

 ideas, self-excited oscillations.  

 d) Multiple time-scale techniques. 

 e) Forced oscillations, concept of a resonance, oscillations far from resonance, near resonances and 

 strong and weak excitations, response near primary resonance, softening and hardening 

 nonlinearities, Duffing's equation and primary and secondary resonances, forced response of self 

 excited systems near resonance,  frequency locking and entrainment. 

6. General linear systems with constant and periodic coefficients: 

Concepts of stability (Liapunov, Poincare, etc.), stability by linearization, boundedness of 

solutions, Mathieu's equation, transition curves and periodic solutions for Mathieu-Duffing 

system. 

7. Relaxation oscillations: 

 The van der Pol oscillator. 

8. Multi degree of freedom systems:  

Examples, various types of resonances – external, internal, and combination, etc., response 

prediction using methods of averaging and multiple scales. 

9. More on bifurcations, structural stability and chaos. 
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