Physics 105 224 Midterm Exam

December 6, 2006

Ninety minutes. Closed book. You may NOT use a calculator!

Write your answers in an exam book. Be sure to put your name on the front of the

book! Show your work, explain your reasoning, and your final answers. You
may use the equations on the front page without deriving them.

There are three problems of varying lengths and difficulty, with point values as
indicated in the booklet. The total points value is 50.

Good luck.

After you have completed the exam, write and sign the honor pledge on the front
of the exam book: “I pledge my honor that I have not violated the Honor
Code during this examination.”

When you are finished, be sure to hand your exam book directly to one of the
instructors.
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Problem 1[20 points]

A ring of mass m and radius b rolls without slipping around the inside of an inverted
cone of opening angle is 20 as shown in the figure below. The radius of the ring’s
path is R = htan(#) where h is the vertical height above the apex. The plane of the
ring is always normal to the tangent plane of the cone at the point of contact. The
forces acting on the ring are gravity, the normal force of the cone on the ring (),
and the frictional force (f) that keeps the ring from slipping to the apex of the cone.
The angular frequency of rotation of the ring around the inside of the cone is €.

Ring

a) [5 pts] What is the torque (magnitude and direction) on the ring about its center
of mass?

b) [7 pts] What is the frictional force, f, in terms of m, Q, 0, h, & g?

c) [8 pts] What is ©, in terms of 0, h, & ¢7 You may assume that the dimensions
of the ring are much smaller than the radius of the path the ring follows, A tan 6.

Problem 2.[15 points]

News Flash! Astronomers discover a medium-size comet (m =5 x 107! earth mass)
headed straight toward the center of the Earth. (In this problem ignore the Sun and
the motion of the Earth.) Their observations indicate that the comet had essentially
v = 0 with respect to the Earth when it was very far from the Earth. A band of
endearing movie stars is enlisted to undertake a space mission to rendezvous with
the comet when it is 100 Earth radii away and deflect the comet enough to miss the

Earth.

a) [5 pts] What is v,., the speed of the comet when it reaches the rendezvous point?

b) [10 pts] What velocity component, v, , perpendicular to its initial direction (and
in addition to v,) must the comet be given so that it will just miss the Earth?

(Neglect the thickness of the atmosphere.)



Problem 3.[15 points]

A physical pendulum is made from a uniform solid sphere of mass m and radius R
attached to a thin, massless rod, of length [ — R as shown in the picture. The moment
of inertia of the sphere about its center is I.,, = %MRQ.

a)

[6 pts] What is wy, the angular frequency of small oscillations of the pendulum?
There is no damping in this part of the problem.

Now, the sphere is unscrewed from the rod and dropped into a deep pool of
water. It is noted that, as it falls through the water, it reaches a constant
“terminal” speed v;. The pendulum is then reassembled and the whole thing
is immersed in the pool of water. (Note: assume that the sphere is dense
enough that any buoyant forces are negligible.) We can now write the equation
of motion for the angle the rod makes with the vertical as

0 +~0+wf =0

[4 pts] What is the relation between v and v;? (Hint: check your units!)

[5 pts] The submerged pendulum is held off to one side and released from rest
from a small angle. It undergoes a number of oscillations as the amplitude
decays. What is the new oscillation frequency w;? To get credit, you need to
derive the new frequency from the above equation of motion.



