Classical Mechanics
Preliminary Examination
Monday, August 24, 2015 9.00 AM to 12.00 Noon
Answer a total of any THREE out of the four problems. For your
answers you can use either the blue books or individual sheets of paper. If
you use the blue books, put the solution to each problem in a separate
book. If you use the sheets of paper, use different sets of sheets for each
problem and sequentially number each page of each set. Be sure to put
your name on each book and on each sheet of paper that you submit. If
you submit solutions to more than three problems, only the first three
problems as listed on the exam will be graded.
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Problem 1
A uniform ball of radius a rolling with velocity v on a level surface collides with a
step height h < a as shown in the figure. Take the inelastic limit of the collision.
Assume the coefficient of static friction between the sphere and the surface/step is
sufficient to prevent slipping throughout the process.
a) Calculate the angular momentum about the center of mass of the ball
b) Find in terms of h and a, the minimum velocity needed for which the ball will jump
over the step

Problem 2
Due to polar flattening the earth has a slightly larger moment of inertia along the polar
axis (C) than about the equatorial axis (A) i.e. C > A. Assume axial symmetry about
the polar axis.
a) Expand the gravitational potential at a location r in a Taylor series. The small
parameter for Taylor series here is ratio of magnitude of r1 and r where r1 is the
integration variable over the interior of the earth and r is the location from the center
of the earth.
b) Calculate the dominant terms (which varies as 1/r and 1/r 3) of the gravitational
potential far from the surface of the earth as a function of the angle θ between the
vector r and polar axis (i.e. z = rcosθ)
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