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Contents of Lecture 7

Forced vibration of an SDOF with viscous damping subject 
to a harmonic force:

• The general solution in the real and complex forms

• The steady-state response

• The magnification (dynamic amplification) factor

• The phase lag

Video: Dampers for earthquake protection

https://youtu.be/xp2pGxFzrzI
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An SDOF with viscous damping under a harmonic force:
statement of the problem
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An SDOF with viscous damping under a harmonic force:
canonical form of the equation of motion
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Canonical form of the equation of motion:
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The general solution of the inhomogeneous equation 
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A particular solution in terms of real-valued functions 
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A particular solution in terms of complex-valued functions 
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Physics of the general solution
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The free vibration gradually subside with time!
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The general solution: example plot
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The solution convergence to the steady-state
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The steady-state response
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The magnification factor
(also called “dynamic amplification factor” and “amplitude-frequency 

characteristic”)

   steady steady cosu t U t  

 

steady

2
2 2 2 2 2static

0 0

1

1 4

U

u
    



 

0.0 0.5 1.0 1.5 2.0 2.5

0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

U
st

ea
d
y
 /
u

st
at

ic

= 0

= 1

= 0.5 = 0.25

= 0.15

= 0.1

Video: Experiment SDOF

https://techtv.mit.edu/videos/769
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The phase lag
(also called the “phase-frequency characteristic”)
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