
Chapter 7
Frequency Domain Analysis 

of Feedback Systems
Describing Function
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Frequency Response Method

• Describing a linear system by a 
complex-valued function, the 
frequency response

• For nonlinear systems, describing 
function method can be used to 
approximately analyze and predict 
nonlinear behavior

• Hard nonlinearities
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An Example of Describing 
Function Analysis



4/40

An Example of Describing 
Function Analysis

2 2

2

2

0,

,

( ),
( ) 1

x x xx x x x x x x

x x x u u x x

d X sp
dt U s p p

µµ µ
µ

µ
µ

µ
µ

− +
− + + = = −

− +
= = −

= =
− +

 

   

 





5/40

An Example of Describing 
Function Analysis



6/40

An Example of Describing 
Function Analysis

2

4
A p



7/40

An Example of Describing 
Function Analysis



8/40

An Example of Describing 
Function Analysis



9/40

An Example of Describing 
Function Analysis



10/40

Applications Domain
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Example 5.1
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Basic Assumptions
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Basic Definitions

• Fourier series
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Basic Definitions
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Frequency Response
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Definition of Describing 
Function
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Computing Describing Function
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Computing Describing Function
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Common Nonlinearities in 
Control Systems

• Saturation
• On-off nonlinearity
• Dead-zone
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Common Nonlinearities in 
Control Systems

• Backlash and hysteresis
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Describing Function of
Saturation Nonlinearity
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Describing Function of
Saturation Nonlinearity



25/40

Describing Function of
Saturation Nonlinearity
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Describing Function of
Saturation Nonlinearity
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Describing Function of
Saturation Nonlinearity
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Describing Function of
Relay (on-off) Nonlinearity
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Describing Function of
Relay (on-off) Nonlinearity
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Describing Function of
Dead-zone Nonlinearity
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Describing Function of
Dead-zone Nonlinearity
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Describing Function of
Dead-zone Nonlinearity
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Describing Function of
Backlash Nonlinearity
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Describing Function of
Backlash Nonlinearity
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The Nyquist Criterion and Its 
Extension
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The Nyquist Criterion and Its 
Extension



37/40

The Nyquist Criterion and Its 
Extension
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The Nyquist Criterion and Its 
Extension
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Existence of Limit Cycles
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Frequency-Independent 
Describing Function
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Frequency-Dependent 
Describing Function
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Stability of Limit Cycles
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