
MCHE 485: Mechanical Vibrations 
Spring 2019 – Homework 4 

Assigned:  Thursday, March 28th 
Due:   This assignment is not collected.  
  Solutions will be posted on Monday, April 1st 

Assignment: From “Principles of Vibration” by Benson Tongue, write the equations of   
  motion for the following problems as a system of first-order differential   
  equations. Then, write each State-space form. If the equations are    
  nonlinear, linearize them first: 
  2.39, 2.40, 2.57, 4.8 

  From “Principles of Vibration” by Benson Tongue, for the problems below,   
  set up the problem up to the point of needing to actually solve the    
  eigenvalue problem. 
  4.1, 4.2, 4.9, 4.12, 4.13 

Submission: No submission required. This assignment will not be collected.



Problem 2.39



Problem 2.39 (cont.)



Problem 2.40

The problem specifies y(t), 

suggesting that we can control it 

exactly. This allows us to ignore 

this spring and any inertial effects 

of the bar. y(t) just becomes an 

input to the top  of k1 via the bar.



Problem 2.40 (cont.)



Problem 2.57



Problem 2.57 (cont.)



Problem 4.1



Problem 4.1 (cont.)



Problem 4.2

Problem 4.39



Problem 4.8



Problem 4.8 (cont.)

Looking at the physical meaning of these:
X1 - x1 and x3 move together, with x2 moving in phase 

 with them but at a higher amplitude. This makes sense given the 

 symmetry of the problem.



X2 - x1 and x3 move at small amplitude together, the small mass, m2, moves 

 more than the heavier m1 and m2. This again makes sense.



X3 - x1 and x3 move opposite of one another. Given the symmetry, the exert 

 balancing forces on m2, meaning x2 is stationary.



Problem 4.8 (cont.)



Problem 4.9

If we are looking at motion around     =0    =0, 

then almost all velocity is in the I direction. We 

can just use that component.



Problem 4.9 (cont.)



Problem 4.12



Problem 4.12 (cont.)



Problem 4.13



Problem 4.13 (cont.)


