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Section I
TABLE OF INFORMATION FOR 2004 and 2005 - : P
CONSTANTS AND CONVERSION FACTORS UNITS PREFIXES
. Name Symbol Factor  Prefix ~ Symbol
1 unified atomic mass unit, lu =166 x 10" kg
’ meter m 10° i G
= 931 MeVic® il iy , giea PHYSICS C
logram
Proton mass, m, = 167 x 107 kg € 10 mega M Section I, MECHANICS
Neutron mass, m, = 167 x 107 kg second s 10° kilo k Time—45 minutes
Electron mass, m, = 911 x 10 kg ampere 10? centi c 35 Questions
Magnitude of the electron charge, e =160 x 107°C kelvin K 107 milli m . 4
Avogadro’s number, N, = 602 x 10®mol™* . ) 106 micro " Directions: Each of the questions or in.complete statements belqw is followed b)('i fxve suglgestt(:1 anss\;lvt:;sstl)ll;: o 3
Universal gas constant, R = 831 J/(mol - K) mole ": 10° completions. Select the one that is best in each case and then fill in the corresponding oval on the an .
h 0
Boltzmann’s constant, ky =138 x 1072J/K ertz z " n‘an " 2.
Speed of light, ¢ = 300 x 10° m/s newton N 10” pico P Note: To simplify calculations, you may use g = 10 m/s® in all problems.
. _ 34y, pascal Pa .
Planck’s constant, h = 663 x 10_“1 s U éﬁgﬁ%%g%gﬁm%“ﬁ%ﬁ v 2. An object is dropped from rest from the top of a
=414 x1077eV s joule J ) 400 m cliff on Earth. If air resistance is negligible,
he =199 x 10%J-m watt w 6 |sin@ | cos® |tan6 what is the distance the object travels during the
o i '7
=124 x 106V -nm coulomb c 0 0 1 0 0o t first 6 s of its fall?
Vacuum permittivity, & = 885 x 1072 C*/N-m?* volt v A) 30m
ohm o 300 | 12 | Br | BB (B) 60m
Coulomb’s law constant, &k = 1/ 47, = 9.0 x 10° N-m?/C? ' (C) 120 m
Vacuum permeability, Uy = 47 X 107(T-m) /A henry H 3 | 35 s | 34 1. The graph above shows velocity v versus time (D) 180 m
Magnetic constant, K= ylam = 107(T-m) /A farad F for an obpct.m linear motxon.‘V'Vhlch of the fqllow— (E) 360 m
i w3, g |tesha T 45° |2 | 2n 1 ing is a possible graph of position x versus time f
Universal gravitational constant, G =667 x10° m/kg's d for this object?
. . legree
Acceleration due to gravity Celsi °c o 4
at the Earth’s surface, g =98m/s? sius 53 /5 35 43 (A) x ®) X
electron-
1 atmosphere pressure, latm = 10 x 10°N/m? volt eV 60° | 32 12 N
=10 x 10°Pa Q_‘ 0 '
1 electron volt, leV = 160 x 107§ 90° 1 0 o o ! ‘ ,
The following conventions are used in this examination.
L Unless otherwise stated, the frame of reference of any problem is assumed to be inertial. © «x D) x
II. The direction of any electric current is the direction of flow of positive charge (conventional current).
III. For any isolated electric charge, the electric potential is defined as zero at an infinite distance from the charge. \ \/
o t o0 t
— 4.
®
[o] t
. = : - - - . [
—_— —_— GO ON TO THE NEXT PAGE. 123 124 L e | ) . GO ON TO THE NEXT PA




I physics C: Mechanics

Normal
1

|/

N s
[

AN Floor

3. A 2 kg ball collides with the floor at an angle 6
and rebounds at the same angle and speed as
shown above. Which of the following vectors
represents the impulse exerted on the ball by the
floor?

A 1
®) \

O —

D) /
(E) [

3m 2m m F

4. Three blocks of masses 3m, 2m, and m are
connected to strings A, B, and C as shown
above. The blocks are pulled along a rough
surface by a force of magnitude F exerted by
string C. The coefficient of friction between each
block and the surface is the same. Which string
must be the strongest in order not to break?

(A) A

(B) B

©C

‘D) .They must all be the same strength.

(E) It is impossible to determine without knowing
the coefficient of friction.

e |

—_— = -

[Seciion 1

Questions 5-6

e

Time ¢ (s)

[} T

A block of mass 3 kg, initially at rest, is pulled

along a frictionless, horizontal surface with a force
shown as a function of time ¢ by the graph above.

5. The acceleration of the block att =2 s is

(A) 3/4 m/s?
(B) 4/3 m/s?
©) 2ms?
(D) 8m/s?
(B) 12 m/s?

6. The speed of the block at z=2 s is

(A) 4/3 m/s
(B) 8/3m/s
©) 4m/s
D) 8mis
B) 24m/s

GO ON TO THE NEXT PAGE.
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Questions 7-8

IR
!

A sphere of mass M, radius r, and rotational
inertia I is released from rest at the top of an inclined
plane of height & as shown above.

7. If the plane is frictionless, what is the speed v,
of the center of mass of the sphere at the bottom
of the incline?

(A) 2gh
2 Mgh
® =7
2 Mghr?
© _%L
,ZM hr?
D) __i_r
ZMghr"'
E —_—
® I+ Mr?

8. If the plane has friction so that the sphere rolls
without slipping, what is the speed v, of the
center of mass at the bottom of the incline?

(A) 2gh
2Mgh
®) =
2 Mghr?
© #
2 Mghr?
®) \}———5 .
2Mghr2
® I+ Mr?
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9. An object weighing 300 N is suspended by means
of two cords, as shown above. The tension in the
horizontal cord is

(A) ON
(B) 150N
©) 210N
(D) 300N
(E) 400N

GO ON TO THE NEXT PAGE.
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Questions 10-12

A small box is on a ramp tilted at an angle 6
above the horizontal. The box may be subject to the
following forces: frictional (f), gravitational (mg),
pulling or pushing (F » ) and normal (N). In the
following free-body diagrams for the box, the lengths
of the vectors are proportional to the magnitudes of
the forces.

Figure A N,
i)
AQ__ mg
Figure B
Figure C
mg
Figure D
Figure E

10.

12.

13.

Which figure best represents the free-body
diagram for the box if it is accelerating up the
ramp?

(A) Figure A

(B) Figure B

(C) Figure C

(D) Figure D

(E) Figure E

. Which figure best represents the free-body

diagram for the box if it is at rest on the ramp?

(A) Figure A
(B) Figure B
(C) Figure C
(D) Figure D
(E) Figure E

Which figure best represents the free-body
diagram for the box if it is sliding down the
ramp at constant speed?

(A) Figure A
(B) Figure B
(C) Figure C
(D) Figure D
(E) Figure E

The momentum p of a moving object as a function
of time ¢ is given by the expression p = kt3, where
k is a constant. The force causing this motion is
given by the expression

(A) 3k

GO ON TO THE NEXT PAGE.
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14. A spacecraft orbits Earth in a circular orbit of

128

radius R, as shown above. When the spacecraft
is at position P shown, a short burst of the ship’s
engines results in a small increase in its speed.
The new orbit is best shown by the solid curve
in which of the following diagrams?

P gt
.

15.

16.

17.

Physics C: Mechanics

A student holds one end of a string in a fixed
position. A ball of mass 0.2 kg attached to the
other end of the string moves in a horizontal
circle of radius 0.5 m with a constant speed of
5 m/s. How much work is done on the ball by
the string during each revolution?

(A) 03

(B) 053
(© 103
D) 27
®) 571

A wheel of 0.5 m radius rolls without slipping
on a horizontal surface. The axle of the wheel
advances at constant velocity, moving a distance
of 20 m in 5 s. The angular speed of the wheel
about its point of contact on the surface is

1
1

(A) 2radians « s~
(B) 4radians - s~
(C) 8radians - s™!
(D) 16 radians - 57!
(E) 32 radians - s™!

Board

Skater

*o—-

Top View

A long board is free to slide on a sheet of
frictionless ice. As shown in the top view
above, a skater skates to the board and hops
onto one end, causing the board to slide and
rotate. In this situation, which of the following
occurs?

(A) Linear momentum is converted to angular
momentum.

(B) Kinetic energy is converted to angular
momentum. .

(C) Rotational kinetic energy is conserved.

(D) Translational kinetic energy is conserved.

(E) Linear momentum and angular momentum
are both conserved.

GO ON TO THE NEXT PAGE
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physics C: Mechanics Physics C: Mechanics
Questions 18-19 20. Two blocks of masses M and m, vyith M > m, are Questions 22-23
connected by a light string. The string passes over
A simple pendulum has a period of 2 s for small a frictionless pulley of negligible mass so that the 2.0 mfs
amplitude oscillations. blocks hang vertically. The blocks are then released O ==
from rest. What is the acceleration of the block of 1.5kg t 1.0 m/s
18. The length of the pendulum is most nearly mass M ?
(A) 1/6m *) g Oaoke
Eg; 1721 rr: M-m Two pucks moving on a frictionless air table are
®) 1Im (B) M & about to collide, as shown above. The 1.5 kg puck is
® 2m M+m moving directly east at 2.0 m/s. The 4.0 kg puck is 25. As shown above, two students sit at opposite ends
© Hrn, moving directly north at 1.0 m/s. of a boat that is initially at rest. The student in the
19. Which of the following equations could represent . L front throws a heavy ball to the student in the back.
the angle 6 that the pendulum makes with the D) M+m g 22. What is the total klIlCl.lC. engrgy of the two-puck What is the motion of the boat at the time immedi-
vertical as a function of time ¢ ? M-m system before the collision? ately after the ball is thrown and, later, after the
ball is caught? (Assume that air and water friction
.oz M-m (A) V137 aus
(A) 6 = By sin 5 ¢ ® 37 mé ®) 507 areneghglb.le.)
(B) 0 = 6, sin wt . . . X . € 170J] Immediately
. 21. For a particular nonlinear spring, t}'ne relationship (D) 107 After the Throw After the Cact
(C) 6 = Oy sin 27t between the magnitude of the applied force F and € 117
D) 6 = 6, sin 4nt the resultant displacement x from equilibrium (g) goa‘ moves gorwal'g goat moves tfxor:ardard
= i i ; i t
mex is given by the equation F = kxz What is the 23. What is the magnitude of the total momentum of Ecg Bgat moves forwa:d Boa: :inoves tac w
£) 0 = 6, sin 8xt amount of work done by stretching the spring a the t ck system after the collision? at moves rorware oat does not move
: max distance xg ? € two-puck sy L (D) Boat moves backward Boat does not move
(A) 1.0kg-m/s (E) Boat moves backward Boat moves forward
A) kg (B) 3.5kg-m/s
(C) 5.0kg-m/s
®) Lz, D) 7.0kg'm/s
2 (E) 5.54/5 kg'm/s
1, 3
© 5k
®) 3k y o .
3 24. The position of an object is given by the equation
1, 3 x=3.012 + 1.5¢ + 4.5, where x is in meters
®) 3 foxg and 7 is in seconds. What is the instantaneous
acceleration of the object at ¢ = 3.0 s?
(A) 3.0m/s?
(B) 6.0m/s?
© 9.0ms?
(D) 19.5 m/s?
(B) 36 m/s?
[ ] |
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Force 30. A 1000 W electric motor lifts a 100 kg safe at

L

constant velocity. The vertical distance through
which the motor can raise the safe in 10 s is
most nearly

No Friction T, . @A) 1m
’ B) 3m

28. A horizontal force F pushes a block of mass m (©) 10m

against a vertical wall. The coefficient of friction ®) 32m

between the block and the wall is z. What value (E) 100 m

26. Two blocks are joined by a light string that passes
over the pulley shown above, which has radius R
and moment of inertia / about its center. T; and

. >R
R2

OTR

e

of F is necessary to keep the block from slipping
down the wall?

31.

A 1.0 kg mass is attached to the end of a vertical
ideal spring with a force constant of 400 N/m.

L . . . . (A) mg The mass is set in simple harmonic motion with an
T, are the tensnons. mththe stm;g on eltlhel':lde (;f 27. The graph above shows the force of gravity on a ®) umg amplitude of 10 cm. 'Il')he speed of the 1.0 kg mass
::e pu::ey avnv‘ifah ‘sf th: :lglz‘:;:gc::;;:;’ l()’est small mass as a function of its distance R from at the equilibrium position is
e pulley. Which o the center of the Earth of radius R,, if the Earth is © &

: et AN Re —= (A 2mis
c!escnbes the pulley’s rota;nonal motion during the assumed to have a uniform density. The work Dy H (1 1) B) 4mis
time the blocks accelerate? done by the force of gravity when the small mass (D) mg(1—p © 20m/s
(A) mygR = Ia approaches Earth from far away and is placed into E) mg(1+ p) (D) 40 m/s
®B) ([ +L)R=1Ia a circular orbit of radius R, is best represented by (E) 200 m/s

bet i i

©) LR=la the arca under the curve between 29. Amass M suspended by a spring with force 32. A student is testing the kinematic equations for

®) (G -T)R=1a
E) (my —my)gR =Ia

(A) R=0andR=R,
(B) R=0and R=R,
(C) R=R,andR=R,
(D) R=R,andR=oo

constant k has a period T when set into oscillation

on Earth. Its period on Mars, whose mass is about

% and radius % that of Earth, is most nearly

uniformly accelerated motion by measuring the
time it takes for light-weight plastic balls to fall
to the floor from a height of 3 m in the lab. The
student predicts the time to fall using g as

9.80 m/ s? but finds the measured time to be

R=Ry,andR=oo A 1
® 280 *) 3 r 35% greater. Which of the following is the most
2 likely cause of the large percent error?
®) 3 T (A) The acceleration due to gravity is 70%
©T greater than 9.80 m/ s2 at this location.
(B) The acceleration due to gravity is 70% less
3 T 2 . .
™ 3 than 9.80 m/s” at this location.
(C) Air resistance increases the downward
® 3T acceleration.
(D) The acceleration of the plastic balls is not
uniform.

GO ON TO THE NEXT PAGE.
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(E) The plastic balls are not truly spherical.

GO ON TO THE NEXT PAGE:
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Note: Figure not drawn to scale.

33. An object is thrown with velocity v from the

edge of a cliff above level ground. Neglect air
resistance. In order for the object to travel a
maximum horizontal distance from the cliff
before hitting the ground, the throw should be
at an angle 6 with respect to the horizontal of

(A) greater than 60° above the horizontal

(B) greater than 45° but less than 60° above
the horizontal

(C) greater than zero but less than 45° above
the horizontal

D) zero

(E) greater than zero but less than 45° below
the horizontal

34. A car travels forward with constant velocity. It

35.

goes over a small stone, which gets stuck in the
groove of a tire. The initial acceleration of the
stone, as it leaves the surface of the road, is

(A) vertically upward

(B) horizontally forward

(C) horizontally backward

(D) zero

(E) upward and forward, at approximately 45°
to the horizontal

The escape speed for a rocket at Earth’s surface
is v, . What would be the rocket’s escape speed

from the surface of a planet with twice Earth’s
mass and the same radius as Earth?

Chapter V: Answers to the
2004 AP Physics C Exam

8 Section I: Multiple Choice

Section I Answer Key and Percent Answering
Correctly

Analyzing Your Students’ Performance on the
Multiple-Choice Section

Diagnostic Guide for the 2004 AP Physics C
Released Exam

# Section II: Free Response

Comments from the Chief Reader

= Scoring Guidelines, Sample Student Responses,

and Commentary
= Mechanics Question 1
= Mechanics Question 2

= Mechanics Question 3

= Electricity and Magnetism Question 1
= Electricity and Magnetism Question 2
= Electricity and Magnetism Question 3

Section I: Multiple Choice

Listed below are the correct answers to the multiple-choice
questions, the percent of AP students who answered each
question correctly by AP grade, and the total percent

answering correctly.

Section I Answer Key and Percent Answering Correctly

@A) 2v,
(B) V2v,

© v,
ve
(D) 7

® *

END OF SECTION I, MECHANICS
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Mechanics Electricity and Magnetism
Item | Correct Percent Correct by Grade p:: :::xt Item | Correct Percent Correct by Grade P:‘::::\t
No. |Answer| 5 4 3 2 1 Correct No. |Answer| 5 4 3 2 1 Correct
1 A 96 93 89 82 64 87 36 E 86 80 74 64 37 71
2 D 97 92 87 71 41 82 37 C 87 76 65 50 26 65
3 E 88 75 68 62 52 71 38 A 66 55 49 43 25 50
4 C 80. 70 66 63 54 68 39 B 84 62 49 35 17 54
5 B 97 95 91 84 63 88 40 C 73 40 22 12 6 36
6 A 68 37 21 11 7 33 41 C 78 42 23 13 39
7 A 93 79 64 47 23 66 42 B 83 61 40 24 1 49
8 E 76, 42 23 14 11 38 43 C 63 28 16 10 8 30
9 D 85 62 42 25 14 51 44 B 81 53 37 29 23 49
10 E 99 98 98 96 82 96 45 E 94 82 74 62 38 73
11 [¢} 69 57 51 47 35 54 46 A 65 43 30 26 17 40
12 [¢ 61 46 42 36 26 44 47 B 83 65 54 42 24 58
13 A 87 75 64 52 34 66 48 B 71 47 33 21 10 41
14 D 45 32 29 27 22 33 49 C 85 64 52 38 20 56
15 A 81 61 47 37 17 53 50 C 81 69 61 55 43 64
16 C 88 75 60 42 21 62 51 A 71 32 18 12 10 33
17 E 58 39 34 27 18 38 52 C 44 29 20 15 11 27
18 D 75 52 36 27 17 46 53 B 81 60 47 36 26 54
19 B 57 27 17 12 10 28 54 A 48 24 16 12 10 25
20 E 78 62 50 37 19 54 55 C 83 57 45 32 24 53
21 E 88 70 58 48 30 63 56 D 99 97 94 91 67 91
22 B 90 85 80 75 50 79 57 A 96 90 81 70 49 80
23 C 40 22 17 14 12 23 58 D 63 36 28 23 15 36
24 B 98 97 94 89 63 91 59 A 71 46 35 25 16 43
25 C 56 42 34 31 26 40 60 B 65 43 36 29 20 42
26 D 73 49 33 24 17 43 61 B 61 39 31 22 16 37
27 E 92 75 58 39 17 62 62 A 85 64 48 34 16 54
28 C 93 75 50 30 19 59 63 D 82 66 53 43 27 58
29 C 48 21 12 8 6 22 64 E 77 48 34 23 14 44
30 C 81 61 45 34 30 54 65 E 68 38 25 16 5 35
31 A 70 41 23 11 6 35 66 C 88 71 59 49 36 64
32 D 63 45 37 32 26 43 67 A 79 55 40 27 15 48
33 C 55 41 34 31 26 39 68 D 73 47 37 27 16 44
34 A 48 30 21 16 13 28 69 D 44 33 30 27 17 32
35 B 61 33 23 18 12 33 70 B 28 13 11 8 8 15
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