Exam 2; Phys 185

Name

Note: As I walk around, you can ask me for help; for example, to supply an equation or a
number you have forgotten down, or to give you algebra aid. If you do, however, I will write
down what help I provided on your exam, and grade your answer accordingly.
1. (20 points) What would happen to the solar system the sun was suddenly replaced with
a black hole with exactly the same mass as the sun?

2. (40 points) You have a rod of mass m and length l attached to an axis of rotation on one
end as shown in the figure. A constant force F~ —with unchanging magnitude and direction—is
applied to the other end of the rod. You do this in outer space, where there are no other forces
on the rod. The angle between the rod and a line parallel to the force is θ.
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(a) Find an equation for the torque on the rod.

(b) Sketch a qualitative graph of how θ changes with time.
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3. (30 points) You have a car traveling down the highway at constant speed v. Its wheels
have a radius of 0.29 m and have 12 identical-looking spokes each, and they are rolling without
slipping. You then film this car at a frame rate of 24 frames per second. Calculate the minimum
speed v at which the tires will appear not to be rotating at all on film—so that at slightly
smaller speeds the car wheels will appear to be rotating in the wrong direction. Express this
speed both in m/s and in miles per hour.

4. (40 points) A ball with mass m, starting at rest, is dropped from a height of hi and
bounces on a hard floor. The force on the ball from the floor is shown in the figure. Find the
height hf to which the ball rebounds.
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5. (70 points) You have a solid planet (no oceans), with mass mp and radius Rp , and its
moon, with mass mm  mp (the moon’s mass is very small compared to the planet) and radius
Rm . The orbit of the moon decays very gradually over time, with the moon slowly coming
closer to the planet. Say the moon starts out at a circular orbit a distance ri from the planet,
and ten million years later, it ends up closer, on a circular orbit with radius rf < ri . We also
have Rm  rf , which means that you can treat the moon as a point particle when figuring
out its moment of inertia, and that you can neglect the kinetic energy and angular momentum
due to the spin of the moon about its own axis.
(a) Since gravity is the only force on the moon, it provides the centripetal acceleration.
Find the initial and final angular velocities of the moon in orbit, ωi and ωf , in terms of
the gravitational constant G, mp , and ri or rf . (Derive this; don’t just write down an
equation from your cheat sheet!)

(b) As the orbit changes, the kinetic energy of the moon due to its orbital rotation changes.
Find the moon’s change in kinetic energy, ∆Km = Kmf − Kmi .

(c) The general expression for gravitational potential energy is U = −Gmp mm /r. Use this
to find the change in the moon’s potential energy, ∆Um = Umf − Umi .

(d) Find the change in the moon’s mechanical energy, ∆Em = ∆Km + ∆Um . Is this zero,
positive, or negative?

(e) The total angular momentum of the moon and planet system consists of the orbital
angular momentum of the moon, and the angular momentum due to the rotation of the
planet around its own axis. The moment of inertia for the planet is 25 mp Rp2 . To keep the
algebra simple, say the planet spins with an initial angular velocity Ωi = 0. Use angular
momentum conservation to find the final angular velocity at which the planet spins, Ωf .

(f) (Bonus +10 points) Find the change in the planet’s kinetic energy due to its changing
spin, ∆Kp = Kpf − Kpi . Then write down the total change in mechanical energy of the
whole system, ∆E = ∆Em + ∆Kp . Do you expect ∆E to be zero, positive, or negative?

