
University of Alabama

Department of Physics and Astronomy

PH 105 LeClair Summer 2012

Problem Set 9

Instructions:

1. Answer all questions below. All questions have equal weight.

2. Due Fri 15 June 2012 at the start of lecture.

3. You may collaborate, but everyone must turn in their own work.

1. A cockroach with mass m rides on a disk of mass 6.00m and radius R. The disk rotates like a
merry-go-round around its central axis at angular speed ωi =1.50 rad/s. The cockroach is initially
at radius r=0.800R, but then it crawls out to the rim of the disk. Treat the cockroach as a particle.
What then is the angular speed?

2. A long uniform rod of length L and mass M is pivoted about a horizontal, frictionless pin
through one end. The rod is released from rest in a vertical position. At the instant the rod is
horizontal, find its angular speed. The moment of inertia of a solid rod about its center of mass is
I = 1

12ML2.

3. A solid sphere of mass m and radius r rolls without slipping along the track shown below. It
starts from rest with the lowest point of the sphere at a height h above the bottom of the loop of
radius R, much larger than r. What is the minimum value of h (in terms of R) such that the sphere
completes the loop? Do not ignore the rotational kinetic energy . . . The moment of inertia for a
solid sphere is I = 2

5mr2.

As a result of friction, the angular speed of a wheel
changes with time according to

where !0 and " are constants. The angular speed changes
from 3.50 rad/s at t # 0 to 2.00 rad/s at t # 9.30 s. Use
this information to determine " and !0. Then determine
(a) the magnitude of the angular acceleration at
t # 3.00 s, (b) the number of revolutions the wheel makes
in the first 2.50 s, and (c) the number of revolutions it
makes before coming to rest.

74. The hour hand and the minute hand of Big Ben, the
Parliament tower clock in London, are 2.70 m and 4.50 m
long and have masses of 60.0 kg and 100 kg, respectively
(see Figure P10.40). (a) Determine the total torque due to
the weight of these hands about the axis of rotation when
the time reads (i) 3:00 (ii) 5:15 (iii) 6:00 (iv) 8:20 (v) 9:45.
(You may model the hands as long, thin uniform rods.)
(b) Determine all times when the total torque about the
axis of rotation is zero. Determine the times to the nearest
second, solving a transcendental equation numerically.

75. (a) Without the wheels, a bicycle frame has a mass of
8.44 kg. Each of the wheels can be roughly modeled as a
uniform solid disk with a mass of 0.820 kg and a radius of
0.343 m. Find the kinetic energy of the whole bicycle when
it is moving forward at 3.35 m/s. (b) Before the invention
of a wheel turning on an axle, ancient people moved heavy
loads by placing rollers under them. (Modern people use
rollers too. Any hardware store will sell you a roller bear-
ing for a lazy susan.) A stone block of mass 844 kg moves
forward at 0.335 m/s, supported by two uniform cylindri-
cal tree trunks, each of mass 82.0 kg and radius 0.343 m.
No slipping occurs between the block and the rollers or
between the rollers and the ground. Find the total kinetic
energy of the moving objects. 

76. A uniform solid sphere of radius r is placed on the inside
surface of a hemispherical bowl with much larger radius R.
The sphere is released from rest at an angle $ to the verti-
cal and rolls without slipping (Fig. P10.76). Determine the
angular speed of the sphere when it reaches the bottom of
the bowl. 

d$

dt
# !0e%"t

73.

A string is wound around a uniform disk of radius R and
mass M. The disk is released from rest with the string verti-
cal and its top end tied to a fixed bar (Fig. P10.77). Show
that (a) the tension in the string is one third of the weight

77.

of the disk, (b) the magnitude of the acceleration of the
center of mass is 2g/3, and (c) the speed of the center of
mass is (4gh/3)1/2 after the disk has descended through
distance h. Verify your answer to (c) using the energy
approach.

78. A constant horizontal force F is applied to a lawn roller in
the form of a uniform solid cylinder of radius R and mass
M (Fig. P10.78). If the roller rolls without slipping on the
horizontal surface, show that (a) the acceleration of the
center of mass is 2F/3M and (b) the minimum coefficient
of friction necessary to prevent slipping is F/3Mg. (Hint:
Take the torque with respect to the center of mass.)

79. A solid sphere of mass m and radius r rolls without slipping
along the track shown in Figure P10.79. It starts from rest
with the lowest point of the sphere at height h above the
bottom of the loop of radius R , much larger than r. 
(a) What is the minimum value of h (in terms of R) such
that the sphere completes the loop? (b) What are the
force components on the sphere at the point P if h # 3R?
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