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Example A2.17

Given: The two-DOF system shown is described by the coordinates x and ✓. The block and bar
each have a mass of m. The thin bar is homogeneous in its mass distribution and has a length of
L. Let g/L = 2k/m.

Find: For this problem:
a) Determine the mass and sti↵ness matrices for the linearized equations of motion for the system

corresponding to small motion of the coordinates x and ✓.
b) Determine the natural frequencies and modal vectors for the system. Leave your answers for

frequencies in terms of m and k and for modal vectors in terms of L.
c) Determine the response of the system for initial conditions of x(0) = A, and ✓(0) = x(0) =

✓̇(0) = 0.



ME 563 – Fall 2014 SOLUTION 
Homework Problem 4.1 
 
The two-DOF system shown is described by the coordinates x and θ . The block and bar 
each have a mass of m. The thin bar is homogeneous in its mass distribution and has a 
length of L. Let g / L = 2k / m . 

a) Determine the mass and stiffness matrices for the linearized equations of 
motion for the system corresponding to small motion of the coordinates x and 
θ . 

b) Determine the natural frequencies and modal vectors for the system. Leave 
your answers for frequencies in terms of m and k and for modal vectors in 
terms of L. 

c) Determine the response of the system for initial conditions of x(0) = A  and 

 θ(0) = x(0) = θ(0) = 0 . 
 

 
 
SOLUTION 
Energy expressions 
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Therefore, 

 

 

T =
1
2
(2m) x2 + 1

2
1
12

mL2 +
1
4
mL2⎛

⎝⎜
⎞
⎠⎟
θ2 + 1

2
(mLcosθ) x θ

=
1
2
(2m) x2 + 1

2
1
3
mL2⎛

⎝⎜
⎞
⎠⎟
θ2 + 1

2
(mLcosθ) x θ

 

From this, we have: 
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Eigenvalue problem 
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Characteristic equation 
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Solving the CE: 
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Modal vectors 
Using the first equation from the eigenvalue problem: 
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Using X1
( j) = 1 , the modal vectors become: 
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To mass-normalize the modal vectors: 
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With this, we can write the mass-normalized modal vectors as: 
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The free response is given by: 
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Enforcing the initial conditions: 
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Note that the second mode makes less than 10% of the contribution of the first mode; 
that is, the first mode dominates the response. 
 
Shown below are the shapes for the two modal vectors. Can envision how this system 
moves in time? 
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