
PHY 2060 Fall 2006 — 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 statement applies even to 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.

During this exam, you may use two formula sheets and an electronic calculator. You are
not permitted (a) to consult any other books, notes, or papers, (b) to use any other electronic
device, or (c) to communicate with anyone other than the proctor. In accordance with the
UF Honor Code, by turning in this exam to be graded, you affirm the following pledge: On
my honor, I have neither given nor received unauthorized aid in doing this assignment.

1. (a) A person pulls a block across a rough horizontal surface at a constant speed by
applying a force F . The arrows in the diagram below correctly indicate the
directions, but not necessarily the magnitudes of the various forces on the block.
Which of the following relations among the force magnitudes W , k, N , and F
must be true?

(1) F = k and N = W

(2) F = k and N > W

(3) F > k and N = W

(4) F < k and N = W

(5) None of the above



(b) A young girl wishes to select one of the frictionless playground slides illustrated
below to give her the greatest possible speed when she reaches the bottom of the
slide. Which of the slides illustrated in the diagram should she choose?

Slide 1 Slide 2 Slide 3 Slide 4

(1) Slide 1

(2) Slide 2

(3) Slide 3

(4) Slide 4

(5) It doesn’t matter, her speed would be the same for each slide

2. A bicycle wheel has a mass of 500 g and a radius of 33 cm. The wheel is set spinning
at an initial angular velocity of 80 rev/min, and is then observed to slow to a complete
halt over the next 45 s. Assume that the wheel undergoes constant angular acceleration
during this time, and neglect the mass of the hub and spokes.

(a) Through what number of revolutions does the wheel turn while it is slowing to a
halt?

(b) What constant torque must act on the wheel to account for its dynamics?

3. A man pulls a box of mass 30 kg using a taut rope oriented at 30◦ above the horizontal.
The box slides down a slope, which makes an angle 10◦ with the horizontal. The box
has a constant velocity v = 1.5 m/s. The coefficient of kinetic friction between the box
and the ground is 0.30.

(a) What is the magnitude of the force applied by
the man to the box?

(b) How much work does the man do on the box in
a 20-second period? 10o
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4. A cuboidal block twice as high as it is wide rests on a sloping
board. The coefficient of static friction between block and
board is 0.6. The slope of the board—and, hence, the magni-
tude of the angle θ in the diagram—is slowly increased. Will
the block first tip over or begin to slide? (You must fully
explain your reasoning to receive credit on this problem. No
points will be awarded for just writing down a final answer
that happens to be correct.)
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5. Real springs exhibit deviations from Hooke’s law at large extensions. Suppose that a
particular spring is massless and obeys the force-extension relation F (x) = −kx + αx2

for x ≥ 0, where k and α are both positive. One end of the spring is attached to a rigid
support, and the other is attached to a point mass m. The mass is initially supported
in a position such that the spring is unstretched and hanging vertically. Then the mass
is released.

(a) Find the work done by the spring during the time that the mass descends a
distance d.

(b) Find the mass’s velocity as a function of d.

6. A thin, uniform stick of length L and mass M is pivoted at one end about a fixed,
horizontal axis, so that it can swing freely in a vertical plane. A small, metal object,
also of mass M , is glued to the other end of the stick. The stick is held horizontally
and released from rest. What is the initial acceleration of the metal object?

pivot object

7. A thin, uniform rod of length L and mass M can rotate freely in a horizontal plane
around a point L/3 from one end. A bullet of mass M/10, traveling at velocity v at
an angle of 30◦ to the rod, hits the rod at its center of mass. The bullet embeds itself
in the rod. What is the resultant angular velocity of the rod?

pivot
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8. A rigid body has the external shape of a sphere
of radius R. Its interior has a uniform den-
sity ρ, apart from a spherical cavity, which has
a radius r and is centered a distance d from
the center of the larger sphere. The interior
of the cavity contains no matter (i.e., it is a
perfect vacuum). Find the rotational inertia
of this body about an axis that passes through
its center of mass and is oriented perpendicular
to the line connecting the center of the larger
sphere to the center of the cavity, i.e., the axis
is normal to the plane of the diagram.

R

d 2r

9. A uniform solid cylinder has radius R, length L, and density ρ. When placed on a plane
inclined at angle θ to the horizontal, the cylinder is observed to roll without slipping.
Based on this information, what is the range of possible values for the coefficient of
static friction between the cylinder and the plane?

10. A uniform board of mass M and
length L is suspended between two
vertical walls by two ideal ropes, each
of length L/2. When a point mass m
is placed at its left end, the board
assumes the orientation shown in the
diagram. Find the point mass m in
terms of the board mass M .

10o
L

L/2
L/2

60
o

35
o m


