
Classical Mechanics 

Eigen frequencies 
 

 

Problem 1.- Consider a model of a linear molecule as three masses connected with springs. 

Calculate the eigen frequencies of the system. 

 

 
 

Solution: 
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Equations of motion: 

 

211

12

1

1

1

1

1

16

1616

xxx

xx
x

L

x
x

L

dt

d
x

x

L

+−=

−=
∂

∂

=
∂

∂
→=

∂

∂

��

��

�

�

�

3212

2321

2

2

2

2

2

212

1212

xxxx

xxxx
x

L

x
x

L

dt

d
x

x

L

+−=

−+−=
∂

∂

=
∂

∂
→=

∂

∂

��

��
�

�
�

323

32

3

3

3

3

3

16

1616

xxx

xx
x

L

x
x

L

dt

d
x

x

L

−=

−=
∂

∂

=
∂

∂
→=

∂

∂

��

��
�

�
�

 

 

With solutions of this form:  
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We write the equations of motion as a matrix 
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Finding the eigen frequencies: 
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The three eigen frequencies will be 478.025.0,0 === ωωω and  

 

 

Problem 2.- Find the eigen frequencies 

 

 
 

There is no friction and the springs are un-stretched in the initial position. 

 

Solution: The Lagrangian for the system is 
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After simplifying 21
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First, we find the equation of motion for 1x  
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Similarly, we find the equation of motion for 2x  
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Now that we have the two equations we try the solution ti
Aex

ω=1 , ti
Bex

ω=2 , so the equations 

become 
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These equations can be written in matrix form as 
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We find the eingen frequencies of the system as follows: 
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Therefore, the two angular frequencies are 1.776 and 0.919 

 

 

Problem 3.- Solve for x1 and x2. The un-stretched length of the spring to be Xo=1m 

 

 
 

 

Solution: 
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Initial conditions: 
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Therefore, the solution will be 
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