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Lecture 5: damped Free Vibration (Optional) 
 
Reading materials: Section 2.2 
 
 
1. Introduction 
 

 Free vibration equations of motion of a damped multi-degree of freedom 
system are 
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2. Complex frequencies and mode shapes 
 

 For underdamped systems the roots of characteristic equation are complex 
conjugate pairs. Each pair gives one mode shape. 
 

 Example: Compute natural frequencies and mode shapes for a damped two 
DOF system.  
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3. Damped free vibration solution 
 

 Generally, the frequencies and mode shapes are complex conjugate pairs 
 

 
 
Then, the solution can be written as linear combination in terms of the roots of the 
complex frequency 
 

 
 
There are 2n undertermined coefficients which can be dertermined via initial 
conditions. The solution can be expressed as the following using Euler’s equations 
 

 
 
 

 Example: In the previous example, initial conditions are 
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Based on initial conditions 
 

 
 

 
 


