
Class Notes 15: 

 
Laplace Transform (4) 

Systems Analysis  

 

82 – Engineering Mathematics  



System Analysis (Stability)     

• First Order System 

 Initial Condition: 

  Laplace   
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Second Order System (No Damping)     
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Second Order System (with Damping)     

 

  I.C. 

 Laplace 
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• Matlab 

• Simulink: commonly used block 
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Matlab Simulink      
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Order Time domain 

1 

2  

 

With damping ζ≠0                              No damping ζ=0 

 

 

 

 

Case 1: ζ>1 Overdamping 

 

                                              Real, negative, distinct 

 

 

Case 2: ζ=1 Critical Damping 

         

                                              Real, negative, equal 

 

Case 3: ζ<1 Underdamping 

 

                                              Complex conjugates 

                                              (negative real part) 
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1 Origin 

2 Origin 

3 Origin 

4 (+) Real 

5 (+) Real 

6 (-) Real 

7 (-) Real 
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8 Imaginary 

9 Imaginary 

10 
Complex 

In LHP 

11 
Complex 

In LHP 

12 
Complex 

In LHP 
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13 
Complex 
In RHP 

14 
Complex 
In RHP 
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System of Linear Differential Equation     

Differential 

Equation 

Algebraic 

Equation 

Laplace 

Transform 



System of Linear Differential Equation  

• Assumption 

 
ICdampingNo
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System of Linear Differential Equation  
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System of Linear Differential Equation  
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System of Linear Differential Equation  
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System of Linear Differential Equation  
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System of Linear Differential Equation  
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System of Linear Differential Equation  
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System of Linear Differential Equation  
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The amplitude of the main  

mass reduces to zero 

Hence the absorber can indeed perform the task for which it is designed,  

namely to eliminate the vibration of the main mass, provided the natural 

frequency of the absorber is the same as the frequency of the external 

exitation. 
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System of Linear Differential Equation  
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221 kXF  max force generated by the absorber 
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System of Linear Differential Equation  
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Resonance 0
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System of Linear Differential Equation  
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