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TABLE OF INFORMATION FOR 2010 and 2011

CONSTANTS AND CONVERSION FACTORS

Proton mass, m, =1.67 x 107 kg Electron charge magnitude, e=160x10"" C
Neutron mass, m, = 1.67 x 107’ kg 1 electron volt, 1eV = 1.60 x 107 J
Electron mass, m, = 9.11 x 1073 kg Speed of light, c=3.00x10% m/s
Avogadro’s number, N, = 6.02 X 10* mol™! Universal gra\g(t)?ltsl?;il G=667x10"" m’ / kg-s2
. _ Acceleration due to gravity _ 2
Universal gas constant, R = 8.31 J/(mol-K) at Earth’s surface, g=98 m/ s
Boltzmann’s constant, k, = 1.38 x 1075 J/K

1 unified atomic mass unit, lu=166x10"% kg = 931 MeV/c2
Planck’s constant, h=663x107*J.s =4.14 x 107" eV.s
he =1.99 x 107 J.m = 1.24 x 10° eV.nm
Vacuum permittivity, € =8.85x 10712 ¢? / N.m?

Coulomb’s law constant, k = 1/47e, = 9.0 x 10° N.m?/C?

Vacuum permeability, Ho = 4m X 107’ (T-m)/A
Magnetic constant, k’ = uy/47 =1x1077 (T-m)/A
1 atmosphere pressure, latm = 1.0 x 10° N/m? = 1.0 x 10° Pa
meter, m mole, mol watt, W farad, F
UNIT kilogram, kg hertz, Hz coulomb, C tesla, T
SYMBOLS second, S newton, N volt, \Y degree Celsius, C
ampere, A pascal, Pa ohm, Q electron-volt, eV
kelvin, K joule, J henry, H
PREFIXES VALUES OF TRIGONOMETRIC FUNCTIONS FOR COMMON ANGLES
Factor Prefix Symbol 0 00 300 37° 45° 53° 600 90°
10° giga G sin@ 0 1/2 35 | V2/2 | 4/5 | B2 |
10°  mega M cos6 1 V2 | 45 | V22 | 35 | 12 0
103 kilo k tan @ 0 | V3/3 | 3/4 1 4/3 V3 o0
1072 centi c
5 1 The following conventions are used in this exam.
10 it m I. Unless otherwise stated, the frame of reference of any problem is
10°° micro u assumed to be inertial.
9 II. The direction of any electric current is the direction of flow of positive
10 nano n .
charge (conventional current).
10712 pico p III. For any isolated electric charge, the electric potential is defined as zero at

an infinite distance from the charge.
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MECHANICS
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= force

= frequency

= height

= rotational inertia
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angular acceleration

ELECTRICITY AND MAGNETISM
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GEOMETRY AND TRIGONOMETRY
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2010 AP® PHYSICS C: MECHANICS FREE-RESPONSE QUESTIONS

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

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,

wh

ich 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.

2 n-ww | | I rn. \
Mech. 1.

Students are to conduct an experiment to investigate the relationship between the terminal speed of a stack of
falling paper coffee filters and its mass. Their procedure involves stacking a number of coffee filters, like the
one shown in the figure above, and dropping the stack from rest. The students change the number of filters in the
stack to vary the mass m while keeping the shape of the stack the same. As a stack of coffee filters falls, there

is an air resistance (drag) force acting on the filters.

(a) The students suspect that the drag force Fj, is proportional to the square of the speed v: Fj, = Cv?, where
C is a constant. Using this relationship, derive an expression relating the terminal speed v, to the mass m.

The students conduct the experiment and obtain the following data.

Mass of the stack of filters, m (kg) | 1.12x 107 | 204 x107> | 296 x1072 | 4.18x10™> | 5.10x 107>

Terminal speed, v (m/s) 0.51 0.62 0.82 0.92 1.06

(b)

(i) Assuming the functional relationship for the drag force above, use the grid below to plot a linear graph
as a function of m to verify the relationship. Use the empty boxes in the data table, as appropriate,
to record any calculated values you are graphing. Label the vertical axis as appropriate, and place
numbers on both axes.

m (kg)

© 2010 The College Board.
Visit the College Board on the Web: www.collegeboard.com.
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2010 AP® PHYSICS C: MECHANICS FREE-RESPONSE QUESTIONS

(i) Use your graph to calculate C.

A particular stack of filters with mass m is dropped from rest and reaches a speed very close to terminal speed
by the time it has fallen a vertical distance Y.

(©)
(1) Sketch an approximate graph of speed versus time from the time the filters are released up to the time
t =T that the filters have fallen the distance Y. Indicate time ¢ = 7 and terminal speed v = v; on

the graph.

(i) Suppose you had a graph like the one sketched in (c)(i) that had a numerical scale on each axis.
Describe how you could use the graph to approximate the distance Y.

(d) Determine an expression for the approximate amount of mechanical energy dissipated, AE, due to air
resistance during the time the stack falls a distance y, where y > Y . Express your answer in terms of y, m,

vy , and fundamental constants.

© 2010 The College Board.
Visit the College Board on the Web: www.collegeboard.com.
GO ON TO THE NEXT PAGE.
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2010 AP® PHYSICS C: MECHANICS FREE-RESPONSE QUESTIONS

Note: Figure not drawn to scale.

Mech. 2.

A bowling ball of mass 6.0 kg is released from rest from the top of a slanted roof that is 4.0 m long and angled
at 30°, as shown above. The ball rolls along the roof without slipping. The rotational inertia of a sphere of
mass M and radius R about its center of mass is %MR2 .

(a) On the figure below, draw and label the forces (not components) acting on the ball at their points of
application as it rolls along the roof.

(b) Calculate the force due to friction acting on the ball as it rolls along the roof. If you need to draw anything
other than what you have shown in part (a) to assist in your solution, use the space below. Do NOT add
anything to the figure in part (a).

(c) Calculate the linear speed of the center of mass of the ball when it reaches the bottom edge of the roof.

(d) A wagon containing a box is at rest on the ground below the roof so that the ball falls a vertical distance of
3.0 m and lands and sticks in the center of the box. The total mass of the wagon and the box is 12 kg.
Calculate the horizontal speed of the wagon immediately after the ball lands in it.

© 2010 The College Board.
Visit the College Board on the Web: www.collegeboard.com.
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2010 AP® PHYSICS C: MECHANICS FREE-RESPONSE QUESTIONS

Mech. 3.

A skier of mass m will be pulled up a hill by a rope, as shown above. The magnitude of the acceleration of the
skier as a function of time ¢ can be modeled by the equations

a= amaxsin%t O< 1<T)
=0 (t>T),

where a,. and T are constants. The hill is inclined at an angle 6 above the horizontal, and friction between the

skis and the snow is negligible. Express your answers in terms of given quantities and fundamental constants.
(a) Derive an expression for the velocity of the skier as a function of time during the acceleration. Assume the
skier starts from rest.
(b) Derive an expression for the work done by the net force on the skier from rest until terminal speed is reached.
(c) Determine the magnitude of the force exerted by the rope on the skier at terminal speed.

(d) Derive an expression for the total impulse imparted to the skier during the acceleration.

(e) Suppose that the magnitude of the acceleration is instead modeled as a = amaxe_”’/ T forall 1 > 0, where
.. and T are the same as in the original model. On the axes below, sketch the graphs of the force exerted

by the rope on the skier for the two models, from ¢ = 0 to atime ¢ > T . Label the original model F; and the

new model F, .

F
A

mg sin@ 1

END OF EXAM
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