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Physics 8, Fall 2023, Worksheet #18.
http://positron.hep.upenn.edu/p8/files/ws18.pdf

Upload PDF (smartphone scan or tablet edit) to Canvas shortly after class on Wed, Nov 1, 2023.

Problems marked with (*) must include your own drawing or graph representing the problem
and at least one complete sentence describing your reasoning.

Discuss each problem with your teammates, then write up your own solution. Be sure to
compare final results with your teammates, as a way to catch mistakes. It can also be very
interesting when you and a teammate use different methods to arrive at a result. Do not
hesitate to ask for help from other students or from the instructors — but don’t just copy
down other people’s results!

1*. A ball is attached to a vertical rod by two strings of equal length. The strings are very
light and do not stretch. I hit the ball, as if I am playing a modified version of tetherball,
so that the ball rotates around the rod at constant rotational velocity ω = 5.0 radians per
second. Assume that friction and other dissipative effects are negligible (at least for long
enough for you to analyze the motion) and that somehow the strings are attached such
that their lengths and points of attachment to the rod do not change. The ball has mass
m = 1.0 kg. Each string has length ℓ = 1.0m, and the ball’s orbit is a horizontal distance
r = 0.8m from the rod axis. (a) Draw a free-body diagram for the ball. (b) Use your FBD
to write Newton’s second law in the vertical and horizontal directions. (c) Find the tension
in the top string and the tension in the bottom string.
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2*. An open door of mass M and width ℓ is at rest when it is struck by a thrown putty
ball of mass m that is moving at linear speed v at the instant it strikes the door. The
impact point is a distance D = 3

4
ℓ from the rotation axis through the hinges. The putty

ball strikes at a right angle to the door face and sticks after it hits. What is the rotational
velocity ωf of the door (with putty stuck to it)? Do not ignore the mass m. (Hint: angular
momentum.) Note: drawing is a plan view, not an elevation view. (a) Write your expression
for ωf symbolically in terms of v, ℓ, M , and m. (b) Plug in numerical values v = 1.0m/s,
ℓ = 1.0m, M = 5.0 kg, m = 1.0 kg, and write the result for ωf in radians/second.
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3*. When the wrench you are working with does not loosen a nut, you can sometimes
succeed by slipping a length of pipe over the end of the wrench and pushing at the end of
the pipe. Why does this work?
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4*. A baton-twirler tosses a spinning baton in the air. While the baton is in the air, is its
linear momentum constant? Is its angular momentum constant? (For evaluating angular
momentum, use the center of mass of the baton as your pivot. That is the relevant pivot to
use for an object that is spinning freely in the air.) Explain.
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5*. In the mobile shown below, what are the masses of the giraffe and of the elephant, if
the monkey’s mass is 1.0 kg? (The mobile is stationary, so all torques must balance.)
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6*. Optional/extra-credit. Your aunt owns an amusement park, and she wants you to
add a circular loop to an exiting roller coaster ride to make it more fun. The first hill for the
existing roller coaster is 25m tall, and your aunt wants you to build right after this hill the
tallest loop possible without having the cars fall out of the track or the passengers fall out of
the cars. You think for a minute and realize what the minimum speed at the top of the loop
has to be, and this gives you what you need to design the loop. (Usually a roller-coaster is
moving very slowly just before it passes over the top of its first hill.) For full extra-credit, be
sure to include a FBD for a car when it is at the top of the loop, and make a good argument
for what the minimum speed must be at the top of the loop, rather than just quoting the
known result.
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7*. Optional/extra-credit. (a) Calculate the rotational inertia of a flat sheet of plywood,
of width w and height h, about an axis that passes through the center of the sheet and is
perpendicular to the plane of the sheet. Since it’s easy to look this answer up, you need to
compute it using calculus and to show your work. (b) Calculate the rotational inertia of this
same sheet about an axis that passes through the center of the sheet and is parallel to the
long edge of the sheet. (c) Calculate the rotational inertia of this same sheet about an axis
that passes through the center of the sheet and is parallel to the short edge of the sheet.
(d) Verify that your answer for part (a) is the sum of your answers for parts (b) and (c).
(The sum in part (d) is true for any object that is so thin that, to a good approximation, all
of its mass lies in a single plane. Such an object is called a “lamina.”)
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