SMU Physics 3344 : Fall 2010

Exam 1

Problem 1 : The figure below shows a mass m; hanging from a string with tension 7} which
wraps as shown around a cylinder of mass ms, moment of inertia about the center of mass
I, and radius r. A separate string with tension 75 also wraps as shown around the cylinder
before attaching vertically to a fixed support. The motion of the objects is described as
shown by w1(t), y2(t), and 6(¢). Find the three equations of motion for these variable in
terms of the forces and torques applied. Given that at ¢ = 0 we take 8(0) = 0, determine
both y;(t) and y2(t) in terms of y;(0), y2(0), and 6(¢); thus reducing the problem to one
dimension. Now use these constraints to rewrite the equations of motion in terms of (t).
Solve for T; and T and produce an equation of motion for §(t) alone. Write the energy E

of the system in terms of (t) and determine that E = 0 produces the equation of motion
for 6(¢).
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Problem 2 : The figure below shows a massless rod of length a with one end free to pivot
around a fixed point and the other end free to pivot about a point a distance b from the
center of mass of an object of mass m and moment of inertia about the center of mass I.
The motion of the system is described by the angles 6(t) and ¢(¢) as shown in the figure.
We will not produce equations of motion for the massless rod; it will simply be treated like
a string which only produces a tension T" directed away from the object along the rod, with
negative T' corresponding to compression of the rod. Write the position of the center of mass
of the object as a function of § and ¢, and write down the equations of motion for the object
in terms of the forces and torques applied. Express T in terms of 6, 6, ¢, and ¢. Eliminate
T from the equations of motion for # and ¢.
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