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Problem #1: 

 
 
Problem #2:  
The system below consists of two pendulums on frictionless pins, connected at their tips by a 
soft spring k = αmg(L/2) where α is a small constant.  The equations of motion are the following, 
where θ1 corresponds to the left bar. 
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The bar on the left is given an initial displacement of 2 degrees with the bar on the right vertical 
and the response is recorded and is shown below.  The blue line corresponds to θ1 while the 
dashed green line corresponds to θ2.  The amplitude of the motion of the left beam decays and 
then grows with time as the vibration energy transfers from one pendulum to the other and then 
back again.  The beat period is 63 seconds.  What is the value of α?  Justify your answer, but you 
need only do those parts of the analysis that are critical to understand what is happening. 
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FYI: You can see a video of a system such as this at: 
http://www.youtube.com/watch?v=RoSYKPTdlxs  

Matt Allen
Highlight
It turns out that this problem is too hard for undergraduates.  Hopefully you'll find that the basic concepts are straightforward, but to actually get a solution you have to use a Taylor series approximation and that part goes beyond what is typically expected of undergraduates.



Problem #3: 

 
For all of the following you may assume that the base of spring k1 never looses contact with the 
platform. 

a.) Find the steady-state response x1(t) and x2(t) when ω is equal to the first natural frequency 
of the system.  Use k1 = k and k2 = 2k. 

b.) Are there any frequencies of excitation for which the steady-state response amplitude for 
x1 is identically zero?  Use k1 = k and k2 = 2k. 

c.) If k1 = k2 = k, what is the steady-state response amplitude of each mass when the system 
is excited at a resonant frequency?  Can you explain the result? 

d.) For arbitrary k1 and k2, if y(t) is such that x1(t) = Acos(ωt), what is the response x2(t)? 
 

 
 
Extra credit – under what conditions does the base of the spring k1 loose contact with the 
platform? 

 



Problem #4 
Find the linearized equations of motion for the system pictured below.  Model the cable as a 
massless spring with stiffness k.  The system is in static equilibrium in the position shown when 
the dynamic force F is not present. 

Problem #5 
Sorry, I didn’t have time to write a 5th problem.  This final probably isn't quite long enough.
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