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Avogadro’s number, N, = 6.02 X 10™ mol constant, G=667x10"" m /kg-s
. _ Acceleration due to gravity _ 2
Universal gas constant, R = 8.31 J/(mol-K) at Earth’s surface, g=98 m/s
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2012 AP® PHYSICS C: MECHANICS FREE-RESPONSE QUESTIONS

PHYSICS C: MECHANICS
SECTION 11
Time—45 minutes
3 Questions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this
booklet in the spaces provided after each part.

/ Equilibrium Position

Spring Constant k

Mass = 0.30 kg

Mech. 1.

Experiment 1. A block of mass 0.30 kg is placed on a frictionless table and is attached to one end of a horizontal
spring of spring constant k, as shown above. The other end of the spring is attached to a fixed wall. The block is
set into oscillatory motion by stretching the spring and releasing the block from rest at time 7 = 0. A motion
detector is used to record the position of the block as it oscillates. The resulting graph of velocity v versus time ¢
is shown below. The positive direction for all quantities is to the right.
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(a) Determine the equation for v(¢), including numerical values for all constants.

(b) Given that the equilibrium position is at x = 0, determine the equation for x(¢), including numerical values
for all constants.

(c) Calculate the value of k.

© 2012 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
-5-

2012 AP® PHYSICS C: MECHANICS FREE-RESPONSE QUESTIONS

Experiment 2. The block and spring arrangement is now placed on a rough surface, as shown below. The block
is displaced so that the spring is compressed a distance d and released from rest.

d

L/ Equilibrium Position
)

Rough Surface

(d) On the dots below that represent the block, draw and label the forces (not components) that act on the block
when the spring is compressed a distance x = d/2 and the block is moving in the direction indicated below
each dot.

e e
Toward Away from
the equilibrium position the equilibrium position

(e) Draw a sketch of v versus ¢ in this case. Assume that there is a negligible change in the period and that the
positive direction is still to the right.
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Mech. 2.

You are to perform an experiment investigating the conservation of mechanical energy involving a
transformation from initial gravitational potential energy to translational kinetic energy.

(a) You are given the equipment listed below, all the supports required to hold the equipment, and a lab table.
On the list below, indicate each piece of equipment you would use by checking the line next to each item.

Track Meterstick Set of objects of different masses
Cart Electronic balance Lightweight low-friction pulley
String Stopwatch

(b) Outline a procedure for performing the experiment. Include a diagram of your experimental setup. Label the
equipment in your diagram. Also include a description of the measurements you would make and a symbol
for each measurement.

(c) Give a detailed account of the calculations of gravitational potential energy and translational kinetic energy
both before and after the transformation, in terms of the quantities measured in part (b).

(d) After your first trial, your calculations show that the energy increased during the experiment. Assuming you
made no mathematical errors, give a reasonable explanation for this result.

(e) On all other trials, your calculations show that the energy decreased during the experiment. Assuming you
made no mathematical errors, give a reasonable physical explanation for the fact that the average energy you
determined decreased. Include references to conservative and nonconservative forces, as appropriate.
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Mech. 3.

A ring of mass M, radius R, and rotational inertia MR? is initially sliding on a frictionless surface at constant
velocity v, to the right, as shown above. At time ¢ = 0 it encounters a surface with coefficient of friction 4 and

begins sliding and rotating. After traveling a distance L, the ring begins rolling without sliding. Express all
answers to the following in terms of M, R, v, u, and fundamental constants, as appropriate.

(a) Starting from Newton’s second law in either translational or rotational form, as appropriate, derive a
differential equation that can be used to solve for the magnitude of the following as the ring is sliding and
rotating.

i. The linear velocity v of the ring as a function of time ¢
ii. The angular velocity @ of the ring as a function of time ¢
(b) Derive an expression for the magnitude of the following as the ring is sliding and rotating.
i. The linear velocity v of the ring as a function of time ¢
ii. The angular velocity @ of the ring as a function of time #
(c) Derive an expression for the time it takes the ring to travel the distance L.

(d) Derive an expression for the magnitude of the velocity of the ring immediately after it has traveled the
distance L.

(e) Derive an expression for the distance L.

STOP

END OF EXAM

© 2012 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

-8-



	AP® Physics C: Mechanics
	2012 Free-Response Questions

