
PHY 2060 Fall 2007 — Exam 3

DO NOT TURN THE PAGE UNTIL INSTRUCTED TO DO SO

Instructions: Attempt all ten questions, each of which carries a maximum of 10 points.
Write your solution below each question, continuing on additional paper if necessary. Please
try to write neatly!

You will receive credit only for knowledge and understanding that you demonstrate in
your written solutions. It is in your best interest to write down something relevant for every
question, even if you can’t provide a complete answer. To maximize your score, you should
briefly explain your reasoning and show all working. (This may benefit you even in the case
of the multiple-choice Question 1.) Give all final algebraic answers in terms of variables
defined in the problem, g (the acceleration due to gravity near the Earth’s surface), and/or
c (the speed of light). For numerical problems, take g = 10 m/s2 and c = 3.0 × 108 m/s.

1. A particle of mass m is subjected to just three constant forces Fj

(j = 1, 2, 3), oriented along the directions shown in the figure.
Starting at rest, the particle moves off along the straight path
indicated by the dashed line. Let Wj be the work done by force
j on the particle during the displacement of the particle from
the position labeled i to the position labeled f .
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Place a check to the left of any/all of the following statements that must be true:

(a) −W1 > W2 > W3.

(b) W1 > W3 > W2.

(c) −W2 > W1 > W3.

(d) W1 > W2 > W3.

(e) W1 > −W2 > W3.

2. A bicycle has wheels whose diameter (including the tires) is 66 cm. The bicycle chain
runs around a 39-tooth gear wheel attached to the crankshaft and a 24-tooth gear
attached to the hub of the rear wheel. The pedals are also mounted on the crankshaft
at the end of 17-cm-long crank arms. Calculate the bike’s speed (assuming the tires do
not slip on the ground) when the pedals are moving at 0.50 m/s relative to the bike’s
frame.

3. A nucleus at rest decays into three particles. Two of the particles are directly detected:
particle 1, having a mass of 15.4 × 10−27 kg, travels due west at 7.82 × 106 m/s; and
particle 2, having a mass of 9.20 × 10−27 kg, travels due south at 4.39 × 106 m/s. All
that is known about particle 3 is that its mass is 11.9 × 10−27 kg.

(a) What is the momentum (magnitude and direction) of particle 3?

(b) How much kinetic energy is created during this decay?



4. The assumption that the gravitational force of a mass m at any point near the Earth’s
surface is of magnitude mg is only an approximation. A better approximation for the
gravitational force at a height h above sea level is Fg = −mg(1− 2h/RE)̂, where ̂ is
a unit vector pointing vertically upward and RE = 6, 400 km is the mean radius of the
Earth.

(a) Obtain an expression for the work done by the gravitational force when the point
of application of the force moves from height hi to height hf .

(b) Calculate the work done by gravity on a bottle of Coors beer when it is transported
from the brewery in Golden, CO (1,730 m above sea level) to the Orange and Brew
in the Reitz Union (40 m above sea level). Take the mass of the bottle and its
contents to be 530 g.

(c) By what percentage would your answer to (b) be different if you were to use the
standard approximation Fg = −mĝ?

5. A uniform flywheel of radius R and mass M pivots about a fixed,
massless axle. An ideal string is wrapped around the rim of the
flywheel. A box of mass m hangs off the free end of the string,
as shown in the figure. When the axle rotates, it rubs against its
bearings, creating a frictional torque of magnitude τf (measured
with respect to the common axis of rotational symmetry of the
axle and the flywheel). Find the box’s acceleration once this
system is in motion.
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6. A disk of mass M = 1.29 kg and radius R = 3.59 m is at-
tached at a point on its circumference to an ideal (massless,
zero-radius, frictionless) axle. The axle is oriented verti-
cally, and the plane of the disk is horizontal, as shown in
the figure. This disk is rotating at an angular speed of
539 rev/minute when a second disk is, initially at rest, is
dropped onto it. The second disk sticks in a position where
is has a rotational inertia 9.75 kg m2 about the axle. Find
the common final angular speed of the disks.

7. A spring having a force constant k is compressed a distance a from its natural length,
then used to launch an ice cube of mass m up a ramp of length l oriented at an angle θ
to the horizontal. The ice cube starts from rest at ground level, slides without friction
up the ramp, and sails off the end. Find the horizontal distance d from the end of the
ramp to the point where the ice cube returns to ground level. Neglect air resistance.
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8. A pipe of mass M has the shape of an annular cylinder with an inner radius Ri and
an outer radius Ro. The walls of the pipe are of uniform density. Use the fact that
the rotational inertia of a uniform cylinder of mass m and radius r about its long axis
is 1

2
mr2 to show that the rotational inertia of the pipe about its cylindrical axis is

1
2
M(R2

i + R2
o).

Hint: Recall the methods used to calculate the center-of-mass position of objects con-
taining holes.

9. A solid, uniform cylinder has mass M , length L, and radius
R. Two ideal cords are wrapped around the cylinder, one
near each end, and the cord ends are firmly fixed to the
ceiling. The cylinder is held stationary in a horizontal posi-
tion, with the cords both taut and vertical, as shown in the
figure. Then, the system is released from rest.

(a) Find the tension in each cord as it unwinds.

(b) Calculate the angular acceleration of the cylinder as it falls.

(c) Calculate the linear acceleration of the cylinder.

10. A solid, uniform cylinder of length L and radius R rests on a level floor. The cylinder
is in contact all along its length with the vertical face of a step. A second, identical
cylinder rests both on the ground (at one end) and on the first cylinder, as shown in
the two views below. The long axis of the second cylinder makes an angle θ with the
ground. Friction between the two cylinders is negligible. Find the minimum coefficient
of static friction between the cylinders and the ground that allows static equilibrium
to be maintained.
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