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Feedback (and control) systems
Stability and performance
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Behavior of Under-damped System
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Nyquist Plot

• Example 8.10

– Consider an amplifier with frequency independent feedback 

 

and an open- 
loop transfer function given by
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Nyquist Plot

• Example 8.10

– Consider an amplifier with frequency 
independent feedback 

 

and an 
open-loop transfer function given by

– The Nyquist plot of this system for 

 
= .01 is
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Nyquist Plot
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• Example 8.10

– Consider an amplifier with frequency independent feedback 

 

and an open- 
loop transfer function given by

– The Nyquist plot of this system for 

 

= .01 is
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Nyquist Plot
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• Example 8.10

– Consider an amplifier with frequency independent feedback 

 

and an open- 
loop transfer function given by

– The Nyquist plot of this system for 

 

= .005 is

Gain < 1 when phase shift = -180o
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Stability and Pole location

( ) o n nt j t j tv t e e e     

• Consider a system with poles at s = o + jn

• Transient response is

j



o < 0
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Stability and Pole location

( ) o n nt j t j tv t e e e     

• Consider a system with poles at s = o + jn

• Transient response is

j



o = 0
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Stability and Pole location

( ) o n nt j t j tv t e e e     

• Consider a system with poles at s = o + jn

• Transient response is

j



o > 0
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Feedback Amplifier Poles
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• Poles of closed loop feedback system are determined by:
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Feedback Amplifier Poles
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• Consider a system with a single pole in the open loop response
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Feedback Amplifier Poles

• Consider a system with a single pole in 
the open loop response
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Feedback Amplifier Poles

• Consider a system with a single pole in 
the open loop response
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Gain of feedback system
is reduced

Frequency characteristic of feedback system
is changed
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Feedback Amplifier Poles
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Approximating system response
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Approximating system response
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Approximating system response
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System with two pole response
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System with two pole response
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Closed loop response poles:
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Solving for poles:
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System with two pole response
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Root-locus diagram
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Pole quality
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Pole quality
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Pole quality
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