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The following conventions are used in this examination.
1. Unless otherwise stated, the frame of reference of any problem is assumed to be inertial.

II. The direction of any electric current is the direction of flow of positive charge (conventional current).
II1. For any isolated electric charge, the electric potential is defined as zero at an infinite distance from the charge.

IV. For mechanics and thermodynamics equations, W represents the work done on a system.
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2003 AP® PHYSICS C: MECHANICS FREE-RESPONSE QUESTIONS

PHYSICS C
Section I, MECHANICS
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 the
pink booklet in the spaces provided after each part, NOT in this green insert.

100 kg

Mech. 1.

The 100 kg box shown above is being pulled along the x-axis by a student. The box slides across a rough surface,
and its position x varies with time ¢ according to the equation x = 0.5t> + 2r, where x is in meters and ¢ is in

seconds.
(a) Determine the speed of the box at time 7 = 0.
(b) Determine the following as functions of time 7.
i. The kinetic energy of the box
ii. The net force acting on the box
iii. The power being delivered to the box
(c) Calculate the net work done on the box in the interval t = 0to t =2 s.

(d) Indicate below whether the work done on the box by the student in the interval # = 0 to t =2 s would be greater
than, less than, or equal to the answer in part (c).

Greater than Less than Equal to

Justify your answer.
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Mech. 2.

An ideal spring is hung from the ceiling and a pan of mass M is suspended from the end of the spring, stretching
it a distance D as shown above. A piece of clay, also of mass M, is then dropped from a height H onto the pan
and sticks to it. Express all algebraic answers in terms of the given quantities and fundamental constants.

(a) Determine the speed of the clay at the instant it hits the pan.

(b) Determine the speed of the pan just after the clay strikes it.

(c) Determine the period of the simple harmonic motion that ensues.

(d) Determine the distance the spring is stretched (from its initial unstretched length) at the moment the speed of
the pan is a maximum. Justify your answer.

(e) The clay is now removed from the pan and the pan is returned to equilibrium at the end of the spring. A rubber
ball, also of mass M, is dropped from the same height H onto the pan, and after the collision is caught in midair
before hitting anything else.

Indicate below whether the period of the resulting simple harmonic motion of the pan is greater than, less than,
or the same as it was in part (c).

Greater than Less than The same as

Justify your answer.
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(b) The students assume that the mass of the rotating arm, the cup, and the counterweight bucket can be neglected.
o With this assumption, they develop a theoretical model for x as a function of the counterweight mass using the
A relationship x = v, where v, is the horizontal velocity of the projectile as it leaves the cup and ¢ is the time
: N after launch.

12m N i. How many seconds after leaving the cup will the projectile strike the ground?
\,

X ii. Derive the equation that describes the gravitational potential energy of the system relative to the ground
12 5 \ when in the position shown in Figure 1, assuming the mass in the counterweight bucket is M.
m m \

| |

\ iii. Derive the equation for the velocity of the projectile as it leaves the cup, as shown in Figure 2.
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\ i. Complete the theoretical model by writing the relationship for x as a function of the counterweight mass
using the results from (b)i and (b)iii.

. Compare the experimental and theoretical values of x for a counterweight bucket mass of 300 kg. Offer a

Figure 1 Figure 2 reason for any difference.

Mech. 3.

Some physics students build a catapult, as shown above. The supporting platform is fixed firmly to the ground.

The projectile, of mass 10 kg, is placed in cup A at one end of the rotating arm. A counterweight bucket B that is to
be loaded with various masses greater than 10 kg is located at the other end of the arm. The arm is released from the
horizontal position, shown in Figure 1, and begins rotating. There is a mechanism (not shown) that stops the arm in
the vertical position, allowing the projectile to be launched with a horizontal velocity as shown in Figure 2.

(a) The students load five different masses in the counterweight bucket, release the catapult, and measure the
resulting distance x traveled by the 10 kg projectile, recording the following data.

Mass (kg) | 100 | 300 | 500 | 700 | 900
x (m) 18 | 37 | 45 | 48 | 51

i. The data are plotted on the axes below. Sketch a best-fit curve for these data points.

50

40

30 END OF SECTION Il, MECHANICS
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ii. Using your best-fit curve, determine the distance x traveled by the projectile if 250 kg is placed in
the counterweight bucket.
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