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Course Outline
 Introduction to Nonlinearities and Nonlinear Systems

 Non-linear differential equations,
characteristics of nonlinear systems, common
nonlinearities.

 Analysis of Nonlinear Systems

 Linearization Approximations

Piecewise linear approximation, the

Describing Function Concept and derivation for

common nonlinearities, the dual input
describing function; stability analysis using the
describing function. Limit cycle prediction.



Course Outline (Cont’d)

 Analysis of Nonlinear Systems

 The Phase-Plane Method

Construction of phase trajectories, transient
analysis by the phase plane method.

 Lyapunov’s Indirect Method

Stability Analysis of Non-linear Systems
using Lyapunov’s Method

 Introduction to Sampled-Data Systems

The z-transforms; Pulse Transfer Functions;
Stability Analysis in the z-plane.
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Control Systems, Marcel-Dekker Inc., 270, Madison Avenue, New-York NY
10016, United States of America.
•[6] Marquez, H.J. (2003), Nonlinear Control Systems, John Wiley and Sons
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Springer-VerlagInc., 175 Fifth Avenue, New York NY 10010, United States of
America.



INTRODUCTION



Representation of Systems



Representation of Systems (Cont’d)



Representation of Systems (Cont’d)



Overview of Linear Systems



Overview of Linear Systems (Cont’d)



Overview of Linear Systems (Cont’d)



Overview of Linear Systems (Cont’d)





Time-Invariant Systems (contd.) 



Time-Invariant Systems (contd.) 



Time-Invariant Systems (contd.) 



Time-Invariant Systems (contd.) 



Time-Varying Systems



Time-Varying Systems (Cont’d)



Time-Varying Systems (Cont’d)



Time-Varying Systems (Cont’d)



Classification of Systems 
(Linearity and Time-Variation 
Considerations)



Classification Criteria for 
Nonlinear Systems

The following are some criteria for classification of 
nonlinearities:
 Criterion 1: Level of Importance of Nonlinearity to 

Operation of System
 Criterion 2: Inherence or Otherwise of Nonlinearity 

within a System
 Criterion 3: Mathematical Properties (Continuity or 

Otherwise of Nonlinearity)
 Criterion 4: Mathematical Properties (“Single-

Valuedness” or otherwise of Nonlinearity)
 Criterion 5: Dynamic Behaviour of System 



Assignment

1. Write the equations 
representing the four system 
classifications based on 
linearity and time variations 
consideration

2. Compare 5 Linear and Non-
Linear Systems properties


