
Nonlinear Systems Analysis

Lecture 3

Sections 2.1, 2.3, 2.2

Qualitative Behaviors & 
Perturbed System Analysis &

Multiple Equilibria

Feng-Li Lian
NTU-EE

Sep04 – Jan05

© Feng-Li Lian 2004

Ch2A-2

Nonlinear Systems Analysis

Outline

Nonlinear State Model
Second-Order Systems
Qualitative Behavior of Linear Systems
• Characteristics of eigenvalues

Qualitative Behavior Near Equilibrium Points
• Linearization, Jacobian Matrix

Multiple Equilibria
• Tunnel-diode circuit, pendulum

Perturbed Linear Systems
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Nonlinear State Models - 1
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Nonlinear Systems Analysis

Nonlinear State Models - 2
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Second-Order Systems - 1
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Second-Order Systems - 2

X1

X2

X0

State plane or phase plane

Trajectory or orbit

x

f(x): vector field

x + f(x)
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Vector Field, Phase Portrait - 1
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Vector Field, Phase Portrait - 2
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Qualitative Behavior of Linear Systems (2.1)

?
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Qualitative Behavior of Linear Systems
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Qualitative Behavior of Linear Systems
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Nonlinear Systems Analysis

Case 1: Both eigenvalues are REAL: λ1 \= λ2 \= 0
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Nonlinear Systems Analysis

Case 1.1: Both eigenvalues are NEGATIVE - 1
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Case 1.1: Both eigenvalues are NEGATIVE - 2
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Nonlinear Systems Analysis

Case 1.2: Both eigenvalues are POSITIVE
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Nonlinear Systems Analysis

Case 1.3: Eigenvalues have OPPOSITE signs



© Feng-Li Lian 2004

Ch2A-17
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Case 2: COMPLEX eigenvalues - 1
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Case 2: COMPLEX eigenvalues - 2
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Nonlinear Systems Analysis

Case 3: NONZERO multiple eigenvalues - 1
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Nonlinear Systems Analysis

Case 3: NONZERO multiple eigenvalues - 2
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Nonlinear Systems Analysis

Case 4: One or both eigenvalues are ZERO - 1
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Case 4: One or both eigenvalues are ZERO - 2
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Linearization at E.P. - 1 (2.3)
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Linearization at E.P. - 2
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Jacobian Matrix
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Perturbed Linear System -> Nonlinear System - 1
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Perturbed Linear System -> Nonlinear System - 2
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Perturbed Linear System -> Nonlinear System - 3
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Perturbed Linear System - 1
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Perturbed Linear System - 2
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Perturbed Linear System - 3


