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• Depending on the value of damping ratio, second order system can be 

classified into: 

1. Undamped system, ζ = 0  

2. Underdamped system, 0 < ζ < 1  

3. Critically damped system, ζ = 1  

4. Overdamped system, ζ >1  

• The characteristic equation is given by, 
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• The roots of characteristic equation is given by, 

 

 

• The roots are imaginary when ζ = 0  

• The roots are real and equal when ζ = 1  

• The roots are real and unequal when ζ >1  

• The roots are complex conjugate when 0 < ζ < 1 
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Undamped System 
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• Step Response of undamped second order system: 

 

 

• When ζ = 0 

 

 

• The response of the system for unit step input is 
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• Step Response of underdamped second order system: 

 

 

• When 0 <ζ < 1 

• The response of the system for unit step input is 
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Critically damped System 
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• Step Response of underdamped second order system: 

 

 

• When ζ = 1: 

• The response of the system for unit step input is 
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