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PHYS2330 Intermediate Mechanics Fall 2009

Midterm Exam #1 Thursday, 1 Oct 2009

This exam has four questions and you are to work all of them. You must hand in your
paper by the end of class time (9:50pm) unless prior arrangements have already been made
with the instructor.

Note that not all of the problems are worth the same number of points.

You may use your textbook, course notes, or any other reference you may have other
than another human. You are welcome to use your calculator or computer, although the test
is designed so that these are not absolutely necessary.

Good luck!
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Problem 1 (20 points). A long, thin, uniform rod has a mass of 3 kg and a length of
2 m. It rotates at constant speed about an axis through its center and perpendicular to its
length, making one revolution every 6.3 seconds.

a. (5 points) What is the angular velocity ω of the rod? (You are welcome to make reasonable
approximations of numbers like e and π.)

b. (10 points) Find the moment of inertia I of the rod by integrating over its length. It
would be easiest to express your answer in terms of the mass M and length L of the rod
before inserting numbers.

c. (5 points) What is the angular momentum of the rod?



Problem 2 (25 points). A damped harmonic oscillator is created by a restoring force −kx
acting on a mass m, along with a linear damping force −bẋ. It starts from x = 0 with a
velocity v0. Assume that b > 2

√
km. Find the position x(t), and find a value of t for which

x(t) reaches its maximum or minimum value. Sketch x(t) assuming that v0 > 0.



Problem 3 (25 points). A rocket moves horizontally through the air, ejecting mass at a
constant rate ṁ = −k < 0 with a rearward exhaust velocity vex relative to the rocket’s rest
frame. The air exerts a linear drag force on the rocket with drag coefficient b. If the initial
mass of the rocket is m0 and it starts from rest, find the speed v of the rocket as a function
of its mass m in terms of k, b, vex, and m0.



Problem 4 (30 points). The figure shows
an ideal pendulum. The length of the rod is
L and the mass of the bob is m. Measure the
displacement of the bob along its trajectory
with s ≡ Lθ, where θ is the angular displace-
ment as shown.

a. (5 points) Draw and label all forces acting
on the bob, clearly indicating the direction.

b. (10 points) Determine the infinitesimal change in potential
energy U of the bob, using the definition dU ≡ −∑

F · ds.
Using an (x, y) coordinate system where y points upward, find
dU in terms of dx and dy and parameters of the problem.

c. (10 points) Integrate the result in (b) to find the potential energy U(s), taking U(0) = 0.
Assuming s/L� 1, write down the lowest nonzero term in the Taylor expansion for U(s).

d. (5 points) Use the result in (c) to deduce the period of a pendulum with small amplitude
oscillations, in terms of m, L, and the acceleration g due to gravity.


