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Introduction 

 

Consider the single-degree-of-freedom system in Figure 1. 

 

 

 

 

 

 

 

 

 

 

Figure 1. 
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A free-body diagram is shown in Figure 2. 
 

 

 
 

 

 

 

 

 
 

 
 

 

   

Figure 2.

m = Mass 

c = viscous damping coefficient 

k = Stiffness 

x = absolute displacement of the mass 

y = base input displacement 
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Summation of forces in the vertical direction 

 

F mx                                                                                            (1) 

 

mx c y x k y x ( ) ( )                                                                                       (2) 
 

Let z x y relative displacement

z x y

z x y

x z y
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 

( )

  

  
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Substituting the relative displacement terms into equation (2) yields 

 

m z y cz kz( )                                                                                            (3) 
 

ymkzzczm                                                                                         (4) 

 

Dividing through by mass yields 

 

 ( / ) ( / ) z c m z k m z y                                                                              (5) 

 

By convention, 

 

n2)m/c( 

                                                                                

(6) 

 
 

2
n)m/k(                                                                                                    (7) 

 

 

 

where  n  is the natural frequency in (radians/sec), and  is the damping ratio. 

 

Substitute the convention terms into equation (5). 
 

  z z z yn n   2 2                                                                                     (8) 

 

Let  Î = total impulse 

 

)t(Î)t(y                                                                                                                (9)    
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Relative Displacement 

The relative displacement is 
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The relative displacement for zero initial conditions is 
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(16) 

 

The impulse response function is 
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The corresponding Laplace transform is 
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Relative Velocity 

The relative velocity is 
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The relative velocity for zero initial conditions is 
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The impulse response function is 

 

   












 tsintcos)tnexp(-Î=)t(h d
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The corresponding Laplace transform is 
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Relative Acceleration 

 

The relative acceleration is 
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The Laplace transform of the relative acceleration is 
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Absolute Acceleration 

The absolute acceleration is 
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The Laplace transform of the absolute acceleration is 
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