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Laplace Transform (4) 

Systems Analysis  

 

82 – Engineering Mathematics  



System Analysis (Stability)     

• First Order System 

 Initial Condition: 

  Laplace   

 

   

)(tgayy 

)()()0()( sGsaYyssY 

assG

sY




1

)(

)(
    

Input

Output

)())(( sGassY 

0)0( y

atey 



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 

   

continuous 
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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 
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System of Linear Differential Equation  

• Assumption 
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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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