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Physics 101 Fall 2003: Test 2—Free Response and Instructions

• Print your LAST and FIRST name on the front of your blue book, on this question sheet, the multiple-
choice question sheet and the multiple-choice answer sheet.

• TIME ALLOWED 75 MINUTES
• The test consists of two free-response questions and ten multiple-choice questions.
• The test is graded on a scale of 100 points; the first free-response question accounts for 35 points, the

second for 35 points, and the multiple-choice questions account for 30 points.
• Answer the two free-response questions in your blue book. Answer the multiple-choice questions by

marking a dark X in the appropriate column and row in the table on the multiple-choice answer sheet.

• Consult no books or notes of any kind. You may use a hand-held calculator in non-graphing, non-
programmed mode.

• Do NOT take test materials outside of the class at any time. Return this question sheet along with
your blue book and multiple-choice question sheet.

• Write and sign the Pledge on the front of your blue book.

Show your work for the free-response problems, including neat and clearly labelled figures, in your blue
book. It is possible that answers without explanation (even correct answers) will not be given credit.

Take g = 9.8 m/s2.

1. A student has placed a block of mass M = 1 kg and width ∆d = 0.1 m at rest on a slope that makes
an angle θ = 20 ◦ to the horizontal as shown in the figure below. She plans to start the block down
the slope by hitting it with a bullet.
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Figure 1: Problem 1

She hits the block with a bullet of mass m = 5 g travelling parallel to the slope at 300 m/s. The bullet
does not embed itself in the block but rather emerges travelling along its initial direction having lost
75% (three quarters) of its initial kinetic energy.

(a) What is the velocity of the block (mass M) immediately after the bullet exits? (Assume the
masses of the block and bullet are unchanged.)

(b) What is the average force experienced by the bullet as it travels through the block?

(c) If the block subsequently slides a distance s = 50 m down the incline before coming to rest, what
is the coefficient of kinetic friction, µk, between the block and the plane?



2. Consider a uniform rod of mass m and length l at the end of which is glued a small ball, also of mass
m. At its other end, the rod is attached to a fixed, friction-free pivot (O).
Initially the rod is balanced vertically above the pivot and begins to fall (from rest) as shown in the
figure. (NOTE: The moment of inertia of a uniform rod pivoted about a perpendicular axis through
its center is mL2

12 ).
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Figure 2: Problem 2

(a) Find the angular acceleration of the rod/ball system as it passes through horizontal, i.e., as the
ball reaches A.

(b) Find the angular velocity of the rod/ball system as it passes through vertical, i.e., as the ball
reaches B.

If the ball breaks free just as the rod passes through vertical, i.e., at point B

(c) What was the limiting strength of the glue bond holding the ball to the rod?

The rod continues to rotate

(d) At what angle to the horizontal does it next momentarily come to rest?



Multiple-Choice

1. A newly discovered planet has twice the mass of Earth, but the acceleration due to gravity on the new
planet’s surface is exactly the same as the acceleration due to gravity on Earth’s surface. The radius
of the new planet in terms of the radius R of Earth is

(a) R/2.

(b)
√

2R/2.

(c)
√

2R.

(d) 2R.

(e) 4R.

2. Joe throws a 0.15-kg rubber ball directly downward to the floor. The ball’s speed just before impact
is 6.5 m/s and just after the impact is 3.5 m/s. If the ball is in contact with the floor for 0.025 s, what
is the magnitude of the average force that the floor exerts on the ball during the time of contact?

(a) 133 N

(b) 60 N

(c) 30 N

(d) 18 N

(e) 3.0 N

3. You are given two carts, A and B. They look identical, and you are told that they are made of the
same material. You place A at rest on an air track and give B a constant velocity directed to the right
so that it collides elastically with A. After the collision, both carts move to the right, the velocity of
B being smaller than what it was before the collision. What do you conclude?

(a) Cart A is hollow.

(b) The two carts are identical.

(c) Cart B is hollow.

(d) need more information.

4. An object of mass m sits at a distance R from the axis of rotation on a record that is being played.
The record makes a complete revolution in time T and friction holds the object in its place relative to
the record. The coefficient of static friction between the object and the record is µs. How much work
is done by friction in one revolution?

(a) none

(b) 4π2mR/T 2

(c) 8π3mR2/T 2

(d) 2πµsmgR

(e) 4π2µsmgR/T 2



5. A person pushes a box across a horizontal surface at a constant speed of 0.5 m/s. The box has a mass
of 40 kg, and the coefficient of sliding friction is 0.25. The power supplied to the box by the person is

(a) 0.2 W

(b) 5 W

(c) 50 W

(d) 100 W

(e) 200 W

6. A uniform stick has a length L. The moment of inertia about the center of the stick is I0. A particle
of mass M is attached to one end of the stick. The moment of inertia of the combined system about
the center of the stick is

(a) I0 + 1
2ML2.

(b) I0 + 1
4ML2.

(c) I0 + 3
4ML2.

(d) I0 + ML2.

(e) I0 + 5
4ML2.

7. From the top of a 70 m high building, a 1 kg ball is thrown directly downward with an initial speed
of 10 m/s. If the ball reaches the ground with a speed of 30 m/s, the energy lost to friction is most
nearly

(a) 0 J.

(b) 100 J.

(c) 300 J.

(d) 400 J.

(e) 700 J.

8. A satellite moves in a stable orbit with speed v0 at a distance R from the center of a planet. For this
satellite to move in a stable circular orbit a distance 2R from the center of the planet, the speed of the
satellite must be

(a) v0
2 .

(b) v0√
2
.

(c) v0.

(d)
√

2v0.

(e) 2v0.



Questions 9-10

A cylinder rotates with constant angular acceleration about a fixed axis. The cylinder’s moment of
inertia about the axis is 4 kg m2. At time t = 0 s the cylinder is at rest. At time t = 2 s its angular
velocity is 1 rad/s.

9. The angular acceleration of the cylinder between t = 0 s and t = 2 s is

(a) 0.5 rad/s2.

(b) 1 rad/s2.

(c) 2 rad/s2.

(d) 4 rad/s2.

(e) 5 rad/s2.

10. The kinetic energy of the cylinder at time t = 2 s is

(a) 1 J.

(b) 2 J.

(c) 3 J.

(d) 4 J.

(e) It cannot be determined without knowing the radius of the cylinder.






















