
PHYS 302 Spring 2014 Final Exam. Duration 150 minutes.

Absolutely no questions, no notes or course material, no gadgets (phones,
earphones, laptops, palmtops and suchlike) are allowed. Justify your answers
whenever necessary: a single line of formula will not be accepted. Write neatly
and in an organized manner please. Good luck.

1. A homogeneous cube of side length L and mass M is set to rotate in empty
space. The rotation axis initially coincides with the body diagonal of the cube
and the initial angular speed is Ω. What is the precession frequency of the
angular momentum in terms on these parameters.

2. A rigid body consists of two pieces welded together: One piece is a sphere
with CM moments of inertia equal to Io, the other piece is a homogeneous thin
hoop such that its relevant CM moments of inertia are given as Io/2 and Io.
This body is set to rotate in empty space such that in the body fixed frame one
has ~ω(0) = ωoê3 + ω̄ê1. Find ~ω(t) in the body fixed frame. Note: Remember
that (

d~L

dt

)
inertial

=

(
d~L

dt

)
body fixed

+ ~ω × ~L

3. In an old-fashioned rolling mill, grain is ground by a disk-shaped millstone
which rolls in a circle on a flat surface driven by a vertical shaft. Because
of the stone’s angular momentum, the contact force with the surface can be
considerably greater than the weight of the wheel.

Assume that the millstone is a uniform disk of mass M , radius b and width
w, and that it rolls without slipping in a circle of radius R with angular velocity
Ω. Find the contact force. Assume the millstone is closely fitted to the axle so
that it can not tip and also assume that w << R. Neglect friction.

4. The point of support of a simple pendulum of mass m and length b is driven
horizontally by x = a sinωt. Find the pendulum’s equation of motion.
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5. A particle is constrained to move (without friction) on a circular wire rotating
with constant angular speed ω about a diameter which is along the vertical.
Find the equilibrium position of the particle, and calculate the frequency of
small oscillations about this position. Find and interpret physically a critical
angular velocity ω = ωc, that divides the particle’s motion into two distinct
shapes. NOTE: Gravity acts along the vertical and downwards.

6. Three masses are connected via springs as shown in the figure. Use the
parameters provided in the figure find the equations of motion for a, b and c
via the Lagrangian. Finally find the characteristic frequencies of the system.
NOTE: Assume that the springs has zero equilibrium length.
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