Physics 105 224 Midterm Exam

December 7, 2005

Ninety minutes. Closed book. You may 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, 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[15 points]

(K&K 6.19) A solid disk of mass M and radius R is affixed to a vertical shaft. The
shaft is attached to a coil spring which exerts a restoring torque on it. This torque
has magnitude C', where 6 is the angle measured from the static equilibrium position
and C' is a constant. In the following, you should neglect the mass of the shaft and

spring and assume that there is no damping. Recall that the moment of inertia of a
disk of radius R is [ = M R?/2.

a) (3 pts) What is the differential equation that describes the rotational motion of
mass and what is the angular frequency (in rad/sec) of the oscillation, w,?

Suppose the disk is moving with 0(¢) = 6y sin(w,t) where w, is the angular frequency
found above. At time t = 7m/w,, a thin ring of sticky putty of the same mass M and
radius R is dropped concentrically on the disk.

b) (2 pts) What is the new angular frequency of oscillation, wj?
c¢) (10 pts) What is the new amplitude of the oscillation?

Problem 2 [20 points]

A satellite of total mass m consists of two parts, A and B, with my = m/4 and
mp = 3m/4. It orbits the Earth (mass Mg >> m and radius Rg) in a circular orbit
of orbital radius R > Rg. In what follows, try to give your answers in terms of G,
m, Mg, and R.

a) (3 pts) At times ¢ < 0, when the whole satellite is in its circular orbit, what are
its period T, total energy F, and angular momentum L7

At time ¢t = 0, a massless spring causes the two parts of the satellite to fly apart.
(The spring itself is not attached to either part.) The impulse from the spring is
tuned exactly so that part A (mass m/4) is stopped completely dead (v4 = 0 with
respect to the Earth) and then falls radially towards the Earth.

b) (7 pts)At what time t4 does part A hit the Earth? Treat the Earth as a point
mass with radius Ry < R. Hint: You can approximate the radial trajectory
as a very elliptical orbit with the Earth at one focus.

3



¢) (10 pts) What is the total energy Ep of part B (mass 3m/4) at times ¢ > 0
after the two parts have sprung apart? Compute the orbital semi-major axis
ap and eccentricity €g.

Problem 3. (15 points)

Consider a string running along the x-axis. At ¢t = 0, the string has the shape
fi(z) = (0.5 m)cos[(2 m™1)z], with f; and = in meters. Consider a string running
along the x axis.

a) (b pts) The fixed shape f; travels in the positive z direction with speed v = 3
m/s. What is the function y(z,t) that gives the vertical displacement of each
part of the string as a function of time?

b) (5 pts) What are the speed and direction of motion of the bit of string at © = 1
matt=2s?

Now consider a different wave shape pictured below. It is shown at t = 0; both f;
and z are in meters. This shape moves to the left on a string at speed v = 2 m/s.
The points a, b, and ¢ represent features fixed to the moving shape.

0 for <0
x/2 for 0<z<2m
3m—x for 2m<xr<3m
0 for z>3m
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c) (5 pts) As a function of time, what is the velocity of a bit of string at © = 1 m.
Start from time ¢t = —1 s.



