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AP° Physics B Exam

SECTION I: Multiple Choice 2012

DO NOT OPEN THIS BOOKLET UNTIL YOU ARE TOLD TO DO SO.

Total Time
1 hour, 30 minutes

Number of Questions
70

Percent of Total Score
50%

Writing Instrument
Pencil required

Electronic Device
None allowed

\_

Y

&

Minimum 20% post-consumer waste

Instructions

Section I of this exam contains 70 multiple-choice questions. Fill in only the circles for
numbers 1 through 70 on your answer sheet. A table of information that may be helpful is
in the booklet. Rulers and straightedges may be used in this section.

Indicate all of your answers to the multiple-choice questions on the answer sheet. No
credit will be given for anything written in this exam booklet, but you may use the booklet
for notes or scratch work. After you have decided which of the suggested answers is best,
completely fill in the corresponding circle on the answer sheet. Give only one answer to
each question. If you change an answer, be sure that the previous mark is erased
completely. Here is a sample question and answer.

Sample Question  Sample Answer
Chicagoisa POODOE
(A) state

(B) city

(C) country

(D) continent
(E) village

Use your time effectively, working as quickly as you can without losing accuracy. Do not
spend too much time on any one question. Go on to other questions and come back to
the ones you have not answered if you have time. It is not expected that everyone will
know the answers to all of the multiple-choice questions.

Your total score on the multiple-choice section is based only on the number of questions
answered correctly. Points are not deducted for incorrect answers or unanswered
questions.

Form 1
Form Code 41BP4-S

PLACE SEAL HERE 7 8

DO NOT seal answer sheet inside
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TABLE OF INFORMATION DEVELOPED FOR 2012

CONSTANTS AND CONVERSION FACTORS

Proton mass, m, = 1.67x 107 kg Electron charge magnitude, e =1.60x107° C
Neutron mass, m, = 1.67 x 107’ kg 1 electron volt, 1eV = 1.60 x 107 J
Electron mass, m, = 9.11x 107! kg Speed of light, ¢ = 3.00 x 10® m/s

Avogadro’s number, N, = 6.02 x 10% mol™ Universal gravitational > _ ¢ ¢7 10711 113 /.52

constant,
Acceleration due to gravity

Universal gas constant, R = 8.31 J/(mol.K) ot Eartt's corface. & = 9-8 m/s?

Boltzmann’s constant, kz = 1.38 x 107 J/K

an infinite distance from the charge.
For mechanics and thermodynamics equations, W represents the work
done on a system.

1 unified atomic mass unit, lu=1.66x10" kg = 931 MeV/ c?
Planck’s constant, h=6.63x10"*I.s = 4.14x107% eVs
, ke =199x107% J.m = 1.24 x 10* eV.nm
Vacuum permittivity, € = 8.85x107'2 C*/N.m?
Coulomb’s law constant, k = 1/4ze; = 9.0 X 10° N.m? / c?
Vacuum permeability, Ho = 4m x 1077 (T-m)/A
Magnetic constant, k' =y, /4% =1x 1077 (T-m)/A
1 atmosphere pressure, latm =1.0x10° N/ m? =1.0x10° Pa
meter, m mole, mol watt, w farad, F
UNIT kilogram, kg hertz, Hz coulomb, C tesla, T
SYMBOLS second, s newton, N volt, v 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 ] o 30° 37° 45° 53° 60° 90°
10° giga G sin@ 0 1/2 35 | V22 | 45 | B2 1
108 mega M cos6 1 B2 | 45 | V22| 3/5 1/2 0
103 kilo k tan@ 0 V33 | 3/4 1 4/3 3 oo
1072 centi c
3 . The following conventions are used in this exam.
10 milli m 1. Unless otherwise stated, the frame of reference of any problem is
10°®  micro n 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 II. For any isolated electric charge, the electric potential is defined as zero at
Iv.
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PHYSICS B
SECTION1I
Time—90 minutes
70 Questions

Directions: Each of the questions or incomplete statements below is followed by five suggested answers or
completions. Select the one that is best in each case and then fill in the corresponding circle on the answer sheet.

Note: To simplify calculations, you may use g = 10 m/ s? inall problems.

1. Which of the following terms best refers to the I NN ﬂ
tendency of a mass to resist a change in its
velocity?
(A) Acceleration 3. A uniform meterstick is balanced at the center, as
(B) Friction shown above. Which of the following shows how
(C) Normal force a 0.50 kg mass and a 1.0 kg mass could be hung
(D) Gravitational force on the meterstick so that the stick stays balanced?
(E) Inertia
S | ||
2. What is the ratio of the kinetic energy of A ®
an object of mass 3m moving at speed 2v to 0.50 kg 1.0 kg
an object of mass m/2 moving at a speed v ?
@A) 2 ® LT i o1 T
® 3 JANEP!
© 6 0.50 k
) 12 g 1.0 kg
(E) 24
S T T
¢ VAN
0.50 kg 1.0kg
2 TN N
[YVAN ®
0.50 kg 1.0kg
S NN T
o /\
050kg  1.0kg

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAGE.

346



4. An artificial satellite orbits Earth at a speed of

7800 m/s and a height of 200 km above Earth’s
surface. The satellite experiences an acceleration
due to gravity of

(A) 39 m/s

(B) less than 39 m/ s? but greater than 9.8 m/ s?
(C) 9.8 m/s?

(D) less than 9.8 m/ s but greater than zero

(E) zero

. A car goes from rest to 30 m/s in 12 s with
constant acceleration. How long does it take
the car to go from rest to 15 m/s with the same
acceleration?

(A) 3.0s
®B) 12/V2 s
(C) 605
(D) 1242 s
() 24s

. A simple pendulum is used to determine the
acceleration due to gravity at the surface of a
planet. The pendulum has a length of 2 m and its
period is measured to be 2 s. The value of g
obtained in this investigation is most nearly

(A) 1m/s?
(B) 2 m/s?
(C) 5m/s?
(D) 10 m/s?
(BE) 20 m/s?

Unauthorized copying or reuse of
any part of this page is illegal.
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F 20kg

—1.0kg

;24444444

7. Two blocks of masses 1.0 kg and 2.0 kg,

respectively, are pushed by a constant applied
force F across a horizontal frictionless table with
constant acceleration such that the blocks remain
in contact with each other, as shown above. The
1.0 kg block pushes the 2.0 kg block with a force
of 2.0 N. The acceleration of the two blocks is

(A) 0

B) 1.0 m/s?

(C) 1.5 m/s?

(D) 2.0 m/s?

(E) 3.0 m/s?
)
1
{\ -——4,
\ /’

Side View

. A rock attached to a string swings in a vertical

circle, as shown above, with negligible air
resistance. Which of the following diagrams
could correctly show all the forces on the rock
when the string is in the position above?

(A) -—o

®)

C) =—e

\/

D) —9

®

GO ON TO THE NEXT PAGE.



9.

10.

11.

Which of the following is constant for an object
in uniform circular motion?

(A) Kinetic energy

(B) Velocity

(C) Acceleration

(D) Displacement

(E) Linear momentum

3.0Q

20Q

6.0 Q

What is the equivalent resistance of the
combination of resistors shown above?

A) 1.0Q
B) 40Q
© 50Q
D) 65Q
(B) 11.0Q
?
// \\
/ \\\
// P ’ \\¥
[
-0 +0

Three particles having charges of equal
magnitude Q are fixed at the corners of an
equilateral triangle as shown above. Two of
the charges are negative; the other is positive.

Which of the following vectors best represents the

direction of the resultant electric field at point P,
the center of the triangle?

A) ™
®)
© _
o) ,~
® I

Unauthorized copying or reuse of
any part of this page is illegal.
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P.

I

12. A long, straight wire in the plane of the page

13.

carries a current / toward the right, as shown
above. What is the direction of the magnetic field
at point P, which is in the plane of the page and
above the wire?

(A) Out of the page
(B) Into of the page
(C) Toward the left
(D) Toward the right
(E) Toward the wire

Two initially uncharged metal spheres are
mounted on insulating stands and placed in
contact with each other, as shown above. A
student brings a positively charged insulating
rod near sphere I. Sphere II is then removed, and
finally the rod is moved away. What is the net
charge on sphere I?

(A) No charge

(B) A positive charge

(C) A negative charge

(D) Either a positive or a negative charge,
depending on the sizes of the spheres

(E) Either a positive or a negative charge,
depending on the amount of charge
on the rod

GO ON TO THE NEXT PAGE.



14.

15.

16.

Work is done by a force on a particle in which
of the following situations?

1. The force is directed parallel to the velocity
of the particle.
II. The force results from an electric field

that is parallel to the velocity of a charged
particle.

IM. The force results from a magnetic field that
is perpendicular to the velocity of a charged
particle.

(A) I only

(B) HI only

(C) 1and II only
(D) I and I only
() LI, and IIT

The magnetic flux for each turn of a 30-turn
coil increases from zero to 0.60 T-m?in 3 s.
The average emf induced in the coil is

A 6V
B) 18V
© 54V
D) 90V
(E) 150V

The figure above shows a bar magnet and a
conducting wire loop that is fixed in place. Which
of the following would cause an induced current
in the wire?

1. Moving the magnet toward the loop at
constant speed
II. Rotating the magnet about line x, which lies
along the axis of the magnet
III. Rotating the magnet about line y, which is
perpendicular to the axis of the magnet

(A) O only

(B) III only

(C) Iand I only -
(D) I and III only
(E) LI, and II

Unauthorized copying or reuse of
any part of this page is illegal.
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17.

18.

It takes 5.00 x 10714 J of work to bring a particle
with charge +Q from infinity to a distance of
10.0 cm from positive point charge Y. How much
work would be required to bring the particle from
infinity to a distance 5.0 cm from Y if the charge
on the particle were +Q/2 instead?

(A) 20.0x1077]
B) 10.0x1077
(C) 5.00x107]
(D) 2.50x1074J
B) 1.25x1077]

One end of a string is attached to a ring of
negligible mass that is free to slide along a

pole without friction. A transverse wave pulse
generated at the other end of the string moves
toward the ring as shown above, and is reflected.
Properties of the reflected pulse include which
of the following?

I. It moves faster than the incident pulse.
II. It has greater amplitude than the incident
pulse.
I1I. It is on the same side of the string as the
incident pulse.

(A) Ionly

(B) III only

(C) Iand II only
(D) 1 and ITT only
(BE) LI, and I

GO ON TO THE NEXT PAGE.
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Questions 19-20 refer to the following table. 21. Which of the following types of electromagnetic
radiation have the shortest wavelength?

Index of Refraction (A) Gamma rays
of Various Substances (B) Microwaves
Acetone 136 (C) Radio waves
Carbon tetrachloride ~ 1.46 (D) Visible light rays
Diamond 2.42 (E) X-rays
Glass 1.52
Water 1.33

19. Which of the substances in the table would have
the smallest critical angle for an interface with air?

(A) Acetone

(B) Carbon tetrachloride
(C) Diamond

(D) Glass

(E) Water

22. A block of mass 2 kg is suspended from a rope,
as shown above. If the tension in the rope is 10 N,

20. If light has a speed v in water, what would be its the acceleration of the block is most nearly

speed in diamond? (A) zero
v B) 2 m/s?up
A) Yo (C) 2 m/s? down
) (D) 5 m/s?up
(B) 1.33v () 5m/s? down
© 242v
1.33
D) 3337
2.42
® T33°

Unauthorized copying or reuse of

any part of this page Is llegal. GO ON TO THE NEXT PAGE.
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Questions 23-24

A ball of mass m is attached to a vertical rod by

two massless strings. The rod is rotated about its axis
so that both strings are taut, with tensions T; and T,,

respectively. The strings and rod form the right

triangle shown in the figure above. The ball rotates in

a horizontal circle of radius r with speed v.

23. What is the magnitude of the net force on the ball?

(A) mv® /r
(B) mg

O 1,

(D) T, + mv*r
®) T, +mg

24. What is the tension 7 in the upper string?

(A) mgcos@
(B) mgsinf
(C) mgtan@
(D) mg/cosf
(E) mg/sin6

Unauthorized copying or reuse of
any part of this page s illegal.
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25.

26.

A toy cannon of mass 1.0 kg is initially at rest on
a horizontal surface when it launches a 0.05 kg
projectile with a velocity of 10 m/s at an angle of
60° above the horizontal. What is the speed of the
1.0 kg cannon immediately after the projectile is
released, assuming that friction is negligible?

(A) 0.25 m/s

(B) 0.35 m/s

(C) 0.43 m/s

(D) 0.50 m/s

(E) 0.87 m/s

Five spherical planets of uniform density have the
relative masses and radii shown below. A satellite
of mass m would have the greatest potential

energy when orbiting at a radius of 3R around
which planet?

A

(B)

©

D)

®

GO ON TO THE NEXT PAGE.



Questions 27-28

A ball is dropped and bounces off the floor.

Its speed is the same immediately before and
immediately after the collision.

27. Which of the following is true about the collision

28.

between the ball and the floor?

(A) The ball’s momentum is conserved.

(B) The ball’s momentum changes direction but
not magnitude.

(C) The ball’s momentum changes magnitude but
not direction.

(D) The impulse delivered to the ball by the floor
is zero.

(E) The impulse delivered to the floor by the ball
is zero.

How does the height to which the ball bounces
compare to the height from which it was dropped?

(A) Itisless.

(B) Itis the same.

(C) Itis greater.

(D) It cannot be determined without knowing the
value of the height from which the ball was
dropped.

(E) It cannot be determined without knowing the
value of the ball’s speed as it hits the floor.

29.

Two objects are heated to different temperatures.
The objects are then placed in thermal contact
with each other and insulated from their
surroundings. After equilibrium is reached,
which of the following must be true?

I. The temperatures of the two objects are
equal.
II. The amount of thermal energy lost by one
object equals that gained by the other object.

ITI. The total energy of the insulated system has
not changed.

(A) Ionly

(B) O only

(C) Iand II only
(D) II and 11 only
(BE) LII, and IIT

Unauthorized copying or reuse of
any part of this page is illegal.

30. An air-filled balloon is placed at rest on the

31.

32.

33.

bottom of an open vacuum chamber. The
chamber is then sealed and most of the air
is removed. Which of the following will
happen to the balloon?

I. It will expand.
II. Its temperature will increase.
. It will rise from the bottom.

(A) Tonly

(B) I only

(C) Iand O only
(D) II and IITI only
(B) LI and I

If energy from the Sun is received at the Earth’s
surface at the rate of 1200 W/m?, the total energy
falling on a 100 m? area in 1000 s is most nearly

(A) 1.2x10727
B) 1.2x102%7
(C) 1.2x10%7
D) 1.2x10%7]
(E) 1.2x 1087

The equation of continuity for an incompressible
fluid, Ajy; = A,v,, is essentially an expression of

the conservation of which of the following
quantities?

(A) Energy

(B) Time

(C) Linear momentum
(D) Angular momentum
(E) Mass

A large rock thrown into a pool of water of
uniform density becomes completely submerged
and then sinks to the bottom. When is the buoyant
force on the rock the greatest?

(A) When it just hits the water

(B) When it is partially underwater

(C) When it is completely underwater

(D) It cannot be determined without knowing the
depth of the pool.

(E) It cannot be determined without knowing the
mass of the rock.

GO ON TO THE NEXT PAGE.
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34. The figure above shows part of the energy level
diagram for a hypothetical atom. Which of the
transitions indicated produces the most energetic
photons?

(A) A
(B) B
©C
® D
® E

35. Which of the following is true about the
. momentum of photons?

(A) Photons have no rest mass, so they have no
momentum.

(B) Photons all travel at the speed of light,
so they all have the same momentum.

(C) The momentum of a photon is directly
proportional to its energy.

(D) The momentum of a photon is directly
proportional to its wavelength.

(E) The momentum of a photon is inversely
proportional to the square root of its
frequency.

36. When a zBe nucleus absorbs an alpha particle
(;‘ a) and emits a 3He nucleus, the residual

nucleus is
(A) {Be
®B) YBe
©) '$B
®) '§C

(E) 'JLi

Unauthorized copying or reuse of
any part of this page is illegal.
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37. Which of the following best describes the force
that holds a nucleus together?

(A) A gravitational force

(B) An electrical force

(C) A magnetic force

(D) A short-range, high-magnitude force
(E) A centrifugal force

38. Light from a very distant source is incident from
the left on a barrier containing a single slit. If the
width of the slit is much less than the wavelength
of the light, which of the following best shows the
shape of the wave fronts that are found on the
other side of the slit? o

(A

®)

©

D)

®

)

GO ON TO THE NEXT PAGE.



39.

40.

A converging lens is used to form a real image
of an object placed outside the focal point of the
lens. Which of the following would increase the
size of the real image?

(A) Moving the object closer to the lens but
keeping it outside the focal point

(B) Moving the object to a position inside the
focal point

(C) Moving the lens farther from the object

(D) Replacing the lens with one in the same
position with the same focal length but a
greater diameter

(E) Replacing the lens with one in the same
position with the same diameter but a
smaller focal length

A small speaker emits a pulse of sound. The
sound has intensity /; when it reaches Person 1
at a distance r from the speaker. What is the
intensity of the sound when it reaches Person 2
at a distance 2r from the speaker?

I
A) 7

I
B) >
© I
) 21,
(E) 41,

Unauthorized copying or reuse of
any part of this page is illegal.
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41.

42.

X X X X
B
vy X X X X
[ ]
+Q X X X X
X X X X

A particle of charge +Q moving with speed v,
enters a region of constant magnetic field B
directed into the page, as shown above. The initial
direction and magnitude of the acceleration of
the particle as it enters the magnetic field is
toward the
(A) bottom of the page and proportional to B
(B) bottom of the page and proportional to v,
(C) top of the page and inversely

proportional to v,

(D) top of the page and inversely
proportional to B

(E) top of the page and proportional to both
B and v,

The capacitance of a parallel-plate capacitor
depends on which of the following?

I. The plate area
II. The plate separation
III. The charge stored on the capacitor

(A) Ionly

(B) III only

(C) I and II only
(D) I and 11 only
(BE) L1, and IIT

GO ON TO THE NEXT PAGE.



43. The elliptical equipotential lines resulting from
a particular charge distribution are shown in the
figure above. At which of the labeled points will
a proton experience an electric force directed
toward the top of the page?

(A) A
(B) B
© C
(@) D
(E) E

44. When charges Q of equal magnitude and
opposite sign are placed on the plates of a
parallel-plate capacitor of capacitance C, the
voltage between the plates is V and the energy
stored in the capacitor is U. If C is doubled and
Q is not changed, how are V and U affected?

v U
(A) Halved Halved
(B) Halved Quartered
(C) Not changed Not changed
(D) Doubled Doubled
(E) Doubled Quadrupled

Unauthorized copying or reuse of
~ |any part of this page is illegal.
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45. A circular loop of wire in a uniform magnetic

field rotates at a constant rotational speed about
the axis shown. At time ¢ = O the plane of the
loop is parallel to the field with point P at the top
as shown above left. At time ¢ = ¢; the loop has
rotated 180° so that point P is at the bottom as
shown above right. Which of the following graphs
best represents the magnetic flux through the loop
as a function of time ¢ from O to ¢ ?

(A) Flux

0

(B) Flux

(©) Flux

3

(D) Flux

(E) Flux/4

GO ON TO THE NEXT PAGE.
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46. A flat coil of wire carrying a current of 10 A,

as shown above, produces a magnetic field of
5.0x107 T near its center. Additional loops
of the same diameter are added to increase the
number of loops in the coil from 4 to 16, and the
current is kept the same. The magnetic field at the
same point due to the new coil is most nearly
(A) 80x1072T

(B) 20x1072 T

(© 50x10° T

D) 25x10° T

(E) 1.3x107° T

. A block on a horizontal surface of negligible

friction is placed in contact with an ideal spring,
as shown above. The block is moved to the left so
that the spring is compressed a distance x from
equilibrium and then released from rest. The

block has kinetic energy K, when it separates
from the spring. When the spring is compressed a
distance 2x and the block is released from rest,
the kinetic energy of the block when it separates
from the spring is

(A) K,/2

B) K,

©) V2K,

D) 2K,

(E) 4K,

Unauthorized copying or reuse of
any part of this page is illegal.
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48.

49.

Wall ‘LSuppoﬂ
String &
li—ff_l—n 13 cm
Axl
I

(Side View)

A uniform spool is suspended from a vertical wall
by a string attached to the spool’s thin axle. The
axle is horizontal, as shown above. The wall is
smooth, so it exerts no frictional force on the spool.
The tension in the string is 2.6 N. What is the
weight of the spool?

(A) 05N
(B) 10N
©) 12N
D) 24N
(E) 26N

A spaceship is traveling from Earth to the Moon.
Which of the following is true of the gravitational
force on the ship due to the two objects when the
ship is equidistant from Earth and the Moon?

(A) There is no net force because the ship is
beyond the influence of Earth and the
Moon.

(B) There is no net force because the forces
exerted by Earth and the Moon balance.

(C) There is a net force because the force exerted
by Earth is smaller than that exerted by the
Moon.

(D) There is a net force because the force exerted
by Earth is greater than that exerted by the
Moon.

(E) There is a net force because the ship must be
accelerating toward the Moon.

GO ON TO THE NEXT PAGE.



Motor

10kg

50. A10kg block is attached to a light cord that is

.51

52.

wrapped around the pulley of an electric motor,
as shown above. At what rate is the motor doing
work when it is pulling the block upward with an
instantaneous speed of 3 m/s and an upward
acceleration of 2 m/s? ?

(A) 120W
(B) 240W
(©) 300W
D) 360 W
(E) 600 W

A ball is tossed straight up and later returns to the
point from which it was launched. If the ball is
subject to air resistance as well as gravity, which
of the following statements is correct?

(A) The speed at which the ball returns to the
point of launch is less than its speed when
it was initially launched.

(B) The time for the ball to fall is the same as the
time for the ball to rise.

(C) The force of air resistance is directed down-
ward both when the ball is rising and when
it is falling.

(D) The net work done by air resistance on the
ball during its flight is zero.

(E) The net work done by gravity on the ball
during its flight is greater than zero.

Each of the following atoms is stripped of all
orbital electrons and they are all placed in the
same electric field. Which ionized atom in the
field is acted on by the strongest electrostatic
force?

() &C
®) 4N
© 30
D) 30
®) 'JF

Unauthorized copying or reuse of
any part of this page is illegal.
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53.

54.

An atomic particle of mass m moving with a
speed v has a wavelength ;. A second particle
with the same mass m moves with speed 3v and
has a wavelength 4,. What is the relationship

between A; and 4,?

@) 4 =354
®) 4 =3k
© 4 =24
D) 4, =34
® 4 =94
{3 Scattered
" Electron
Electron
m{, .................. G
ncide
Photon 7, Photon

l,-‘

A photon scatters from an electron that is initially
at rest, as shown above. Which of the following

is true of the wavelength and frequency of the
scattered photon compared to those of the incident
photon?

Wavelength  Frequency
(A) Greater Less
(B) Greater The same
(C) The same Less
(D) Less Greater
(E) Less The same

GO ON TO THE NEXT PAGE.



Questions 55-56
Object
S ~—C 1.
F o r——

The concave spherical mirror of radius » shown
above has focal point F and center of curvature C.
An object is placed at a distance 2r from the mirror.

55. Where will the image be formed?

(A) To the left of the mirror

(B) Between F and the mirror

(C) Between F and C

(D) Between C and the object

(E) To the right of the object
56. Which of the following correctly describes the
image?

(A) Real, inverted, smaller than the object
(B) Real, inverted, larger than the object
(C) Real, upright, smaller than the object
(D) Virtual, upright, smaller than the object
(E) Virtual, inverted, larger than the object

Two waves from the same source travel different
distances to point P. One wave has amplitude A
and the other has amplitude 0.50A. The resultant
amplitude from the superposition of the two
waves at point P CANNOT be

(A) 0.254
(B) 0.54
(C) 0.754
D) A

(E) 1.254

57.

Unauthorized copying or reuse of
any part of this page is illegal.
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58. The containers pictured above are each filled to
aheight 4 with the same fluid of uniform density.

Which of the following is true of the pressures,
P1» Pu» Pm»and ppy, at the bottom of each

Q

.

Iv.

respective container?

(A) pm > p1 > pp > Pv
®) > pn > pm > P
©) pr=rpu; Pm > Pv
D) p > Py Pm = Pv
(E) They are all the same.

Region II

____—/_—__

The diagram above shows a pipe with an ideal
fluid in motion to the right. As the fluid enters
region II, which of the following quantities
related to the fluid will increase?

59.

1. Pressure
II. Linear speed
ITI. Volume rate of flow

(A) Ionly
(B) I only
(C) I only
(D) Iand I
(E) M and III

GO ON TO THE NEXT PAGE.



Questions 60-61

20001
1000

0 ‘ i V (m?

A gas is taken from state i to state f along the
two-step process shown in the PV diagram above.

60. How much work is done on the gas during the
process described?

A) 0J
(B) 20007
(©) 40007
D) 800017
(E) 16,0007

61. What is the ratio T /1} of the temperature of
state f to the temperature of state i ?

A 1

B) 4/3

© 3/2

D) 2

® 4

62. Energy levels of atoms in a gas are experimentally

determined from the

(A) line spectrum produced by the gas
(B) bulk density of the gas

(C) electrical conductivity of the gas
(D) chemical properties of the gas

(E) isotopic composition of the gas

Unauthorized copying or reuse of
any part of this page is illegal.
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63. The work function for tungsten is 4.58 eV. Of
the following, which is the best estimate of the
threshold frequency required for the emission of
photoelectrons from a tungsten cathode?

(A) 0.1 x 10 Hz
(B) 0.5x 10 Hz
(C) 1x 10 Hz
(D) 2x 10 Hz
(E) 3x 10 Hz

. A circular wire loop is placed near a long,
straight, current-carrying wire in which the
current is either increasing or decreasing.

In which of the following situations is the
induced current in the loop counterclockwise?

A)

>
I Increasing
®B)
A | Increasing
© 1 Decreé\sing
: —t
®)
I Decreasing L
®
-t
I Decreasing
GO ON TO THE NEXT PAGE.



65.

66.

Two point charges, +Q and -20Q, are fixed in
place at a distance 2 d from each other, as shown
above. What is the magnitude of the net electric
field at a point P, which is midway between the
two charges?

kQ
@ £
®) =
©
O =f

(2]

The two circular wire loops represented above
are coaxial. If the current / in loop A is increasing
linearly with respect to time, which of the
following is true of the induced current in

loop B ?

(A) Itis in the same direction as that in loop A
and also increasing with respect to time.

(B) Itis in the opposite direction of that in loop A
and also increasing with respect to time.

(O) Itis in the same direction as that in loop A
and constant with respect to time.

(D) Itis in the opposite direction of that in loop A
and constant with respect to time.

(E) None of the above

Unauthorized copying or reuse of
any part of this page Is illegal.

360

-17-

360

67.

68.

1 2
° o

+q,m +2q,2m

An isolated system consists of the two particles
shown above. Particle 1 has charge +¢ and

mass m. Particle 2 has charge +2g and mass 2m.
The ratio of the magnitude of the electrical force
on particle 1 to the magnitude of the electrical
force on particle 2 is

1
(A 7

1
B) )
©O1
D) 2
E) 4

Two charged metal spheres are connected by a
conducting wire. Sphere A is larger than sphere
B. Which of the following is true of the magnitude
of the electric potential at the surface of sphere A
compared to that at the surface of sphere B ?

(A) Itis greater.

(B) Itis less.

(C) Itis the same.

(D) It could be greater or less, depending on the
ratio of the radii of the spheres.

(E) It could be greater or less, depending on the
charges of the spheres.

GO ON TO THE NEXT PAGE.
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69. The displacement x with respect to time ¢ of a 70. A 100 kg cart goes around the inside of a vertical

particle moving in simple harmonic motion is loop of a roller coaster. The radius of the loop is
given by x = 5cos(16x), where x is in milli- 3 m and the cart moves at a speed of 6 m/s at the
meters and 7 is in seconds. If the particle starts top. The force exerted by the track on the cart at
at x =5mm and ¢=0s, at what time ¢ does the top of the loop is
it first pass through its equilibrium position? (A) 200N

1 (B) 800N
A) vk (C) 1000N

) (D) 1200N

— (E) 2200N

B) g8

1
© 58
D) 4s
E) 8s

END OF SECTION |

IF YOU FINISH BEFORE TIME IS CALLED
YOU MAY CHECK YOUR WORK ON THIS SECTION.

DO NOT GO ON TO SECTION Il UNTIL YOU ARE TOLD TO DO SO.

MAKE SURE YOU HAVE DONE THE FOLLOWING.

e PLACED YOUR AP NUMBER LABEL ON YOUR ANSWER SHEET

e WRITTEN AND GRIDDED YOUR AP NUMBER CORRECTLY ON YOUR
ANSWER SHEET

e TAKEN THE AP EXAM LABEL FROM THE FRONT OF THIS BOOKLET
AND PLACED IT ON YOUR ANSWER SHEET
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AP° Physics B Exam

( SECTION II: Free Response )

2012

DO NOT OPEN THIS BOOKLET UNTIL YOU ARE TOLD TO DO SO.

Total Time
1 hour, 30 minutes

Number of Questions
6

Percent of Total Score
50%

Writing Instrument

black or dark blue ink
Electronic Device
Calculator allowed
Percent of Section Il Score
Questions 5 and 6:
25%

‘Questions 1,2,3,and 4:
5%

Either pencil or pen with

\_ J
(L)
oY

IMPORTANT Identification Information

PLEASE PRINTWITH PEN:
1. Firsttwo letters of your last name I:I:I

First letter of your first name D

4, Unless | check the box below, | grant the
College Board the unlimited right to use,
reproduce, and publish my free-response
materials, both written and oral, for
educational research and instructional
purposes. My name and the name of my
school will not be used in any way in
connection with my free-response
materials. | understand that | am free to
mark “No” with no effect on my score or

2. Date of birth

LLJLL L

Day
3. Six-digit school code

Month Year

I | | I | I I its reporting.
No, I do not grant the College Board
\_ these rights. y
Instructions

The questions for Section II are printed in this booklet. You may use any blank space in
the booklet for scratch work, but you must write your answers in the spaces provided for
each answer. A table of information and lists of equations that may be helpful are in the
booklet. Calculators, rulers, and straightedges may be used in this section.

All final numerical answers should include appropriate units. Credit for your work
depends on demonstrating that you know which physical principles would be appropriate
to apply in a particular situation. Therefore, you should show your work for each part in
the space provided after that part. If you need more space, be sure to clearly indicate
where you continue your work. Credit will be awarded only for work that is clearly
designated as the solution to a specific part of a question. Credit also depends on the
quality of your solutions and explanations, so you should show your work.

Wrrite clearly and legibly. Cross out any errors you make; erased or crossed-out work will
not be scored. You may lose credit for incorrect work that is not crossed out.

Manage your time carefully. You may proceed freely from one question to the next. You
may review your responses if you finish before the end of the exam is announced.

Form1
Form Code Z2-4ABP2-S
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TABLE OF INFORMATION DEVELOPED FOR 2012

CONSTANTS AND CONVERSION FACTORS

Proton mass, m, =1.67 X 1077 kg

Neutron mass, m, = 1.67 x 1077 kg

Electron charge magnitude,

1 electron volt,

e=1.60x10"Y C

1eV=160x10"7]

Electron mass, m, = 9.11 x 107! kg Speed of light, ¢ =3.00 x 108 m/s
, 3 1 Universal gravitational _
Avogadro’s number, No = 6.02 x 10°* mol B onstant, G = 6:67x107" m?/kg.s?
. _ Acceleration due to gravity _ )
Universal gas constant, R = 8.31 J/(mol.K) at Earth’s surface, 8 = 9.8 m/s
Boltzmann’s constant, k, =1.38 x 1072 J/K
1 unified atomic mass unit, 1u=1.66x107%" kg = 931 MeV/ ¢

Planck’s constant,

Vacuum permittivity,

Coulomb’s law constant,

h=663%x10"%Js=4.14x10"" eV.s
he =1.99x107% J.m = 1.24 x 10° eV.nm
€ = 8.85x 10712 C?/N.m?
k = 1/47€, = 9.0x10° Nom?/C?

Vacuum permeability, o = 4 x 107" (T.m)/A
Magnetic constant, k’ = yy/4z =1x107" (T-m)/A
1 atmosphere pressure, latm =1.0x10° N/ m? =1.0x10° Pa
meter, m mole, mol watt, w farad, F
UNIT kilogram, kg hertz, Hz coulomb, C tesla, T
SYMBOLS second, s newton, N volt, \'/ 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 SymbOI 0 ()o 30° 37° 45° 53" 60° 90"
10° giga G sin6 0 1/2 35 | V2/2 | 4/5 | V3)2 1
10°  mega M cos @ 1 V32 | 45 | V2/2 | 3/5 1/2 0
103 kilo k tan 0 B3| 34 1 4/3 Ne) oo
1072 centi c
" s The following conventions are used in this exam.
10> milli m I. Unless otherwise stated, the frame of reference of any problem is
107  micro M 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.
IV. For mechanics and thermodynamics equations, W represents the work
done on a system.
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ADVANCED PLACEMENT PHYSICS B EQUATIONS DEVELOPED FOR 2012

NEWTONIAN MECHANICS
V=1, +at a = acceleration
F = force
1 2 f = frequency
X =Xxg + vyl +<at
fo T BT h = height
5 2 J = impulse
V¥ =0 +2a(x-%) K = kinetic energy
k = spring constant
ZF = Fnet = ma Z = lengt.h
m = mass
<
Fpre < uN N = normal force
2 P = power
a, = v P = momentum
r r = radius or distance
7 =rFsin 8 T = period
t = time
p=my U = potential energy
J =FAt = Ap v = velocity or speed
W= work done on
_1 9 a system
K =gmo x = position
1 = coefficient of friction
AU, = mgh 6 = angle
W = FAr cos 6 ¢ = torque
w
avg E
P = Fvcosf
F, = —kx
1,2
U s = Ekx
m
7} =2z -?
I
T, p =2r E
1
T ==
f
Gmm,
F; = 2
U, Gmym,

ELECTRICITY AND MAGNETISM

P A = area
T2 B = magnetic field
F C = capacitance
E=-— d = distance
9 E = electric field
- k19, € = emf
Ug =4V r F = force
v I = current
Eavg = —7 £ = length
P = power
V=k(g—+q—2+q3+ ] Q = charge
hnon g = point charge
0 R = resistance
C= v r = distance
4 t = time
C = &2 U = potential (stored)
d energy
1 12 V = electric potential or
U=z0V==CV
¢ 2 2 2 potential difference
AQ v = velocity or speed
I = Ar p = resistivity
ot 6 = angle .
R="~ ¢,, = magnetic flux
V =1IR
P=1v
Cr=G+C+Cy+...
L _1,1. 1
7T +C2 +C3 +..

Rp = E+E+ R3 +
Fz = quBsind
Fy = Blisin@

=t !
B=2x7
¢, = BAcos @

Ag,

Coe =21
€ = Blv
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ADVANCED PLACEMENT PHYSICS B EQUATIONS DEVELOPED FOR 2012

FLUID MECHANICS AND THERMAL PHYSICS

p=mlV
P =F +pgh

P+pgy+ -;—,ov2 = const.

AL = alyAT

kAAT
H ==

=
4

PV = nRT = NkgT

P

3
_ |3RT _ 3kBT
Y =\ =
W=—PAV
AU =0+W
i
Oy
e _TH—TC
= _C
TH

A =area

e = efficiency
F =force

h =depth

H = rate of heat transfer
k = thermal conductivity
K g = average molecular

kinetic energy
{ =length
L = thickness
m = mass

M = molar mass
n = number of moles
N = number of molecules

P =pressure
Q = heat transferred to a
system

T = temperature

U = internal energy

V = volume

v = velocity or speed

= root-mean-square
velocity

W = work done on a system

y = height

a = coefficient of linear

expansion
M1 = mass of molecule

vrms

p = density

WAVES AND OPTICS
v=fA d = separation
c f = frequency or
n=< focal length
. ) h = height
n;sin@ = n,sin6, L = distance
n, M = magnification
sinf, = n, m = an integer
n = index of
1 + 1 _1 refraction
$; S f R = radius of
A s. curvature
M=-L=-1 s = distance
h 0 v = speed
_R x = position
D) A = wavelength
dsinf = mA 6 = angle
_milL
m d

ATOMIC AND NUCLEAR PHYSICS

E=hf = pc

Kmax =hf—¢
=t
p

AE = (Am)c?

E = energy

f = frequency

K = kinetic energy
m = mass

p = momentum
A = wavelength
¢ = work function

GEOMETRY AND TRIGONOMETRY

Rectangle A = area
'A = bh C = circumference
Triangle V = volume
4=Lm S = surface area
. 2 b = base
Circle h = height
A=nmr? { = length
C =2mr w = width
Rectangular Solid r = radius
V = twh
Cylinder
V = zri
S = 2zrl + 27r?
Sphere
V= -g'-nrs
S = 4zr?
Right Triangle
a® +b? = c?
=24
sin@ = - c a
cosf = b <16 90%
c b
=2
tan@ = B
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PHYSICS B
SECTION I
Time—90 minutes
6 Questions

Directions: Answer all six questions, which are weighted according to the points indicated. The suggested times are
about 17 minutes for answering each of Questions 1-4 and about 11 minutes for answering each of Questions

5-6. The parts within a question may not have equal weight. Show all your work in this booklet in the spaces
provided after each part.

0.60 m
|
60°)
—
0.66 kg . 022k
\\\\
N\
1.2m \\
\
\
\
\\
__________ Q
f 1.4 m -

1. (15 points)

The experimental apparatus shown in the figure above contains a pendulum consisting of a 0.66 kg ball attached
to a string of length 0.60 m. The pendulum is released from rest at an angle of 60° and collides with a ball of
mass 0.22 kg initially at rest at the edge of a table. The 0.22 kg ball hits the floor a distance of 1.4 m from the
edge of the table.

(a) Calculate the speed of the 0.66 kg ball just before the collision.

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAGE.
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(b) Calculate the speed of the 0.22 kg ball immediately after the collision.

(c) Calculate the speed of the 0.66 kg ball immediately after the collision.

(d) Indicate the direction of motion of the 0.66 kg ball immediately after the collision.
To the left To the right

(e) Calculate the height to which the 0.66 kg ball rises after the collision.

(f) Based on your data, is the collision elastic?
Yes No

Justify your answer.

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT P AGE.
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Elevator
Door

o 16 m

30kgF—>=v=12m/s

1 =0.20

2. (15 points)
Beginning at time ¢ = 0, a student exerts a horizontal force on a box of mass 30 kg, causing it to move at 1.2 m/s
toward an elevator door located 16 m away, as shown above. The coefficient of kinetic friction g, between the
box and the floor is 0.20.
(@) On the dot below that represents the box, draw and label the forces (not components) that act on the box as it
moves at constant speed.

(b) Calculate the magnitude of the horizontal force the student must exert on the box in order to keep it moving
at 1.2 m/s. 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).

Unauthorized copying or reuse of
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At t = 4.0 s, the elevator door opens and remains open for 5.0 s. The student immediately exerts a larger
constant force on the box and the front of the box reaches the elevator door just as it starts to close.

(c) Calculate the magnitude of the new force that the student exerts.

(d) On the axes below, sketch graphs of the acceleration a, velocity v, and position x of the box versus time ¢
between ¢ =0 and the time the front of the box reaches the elevator.

:
>
-

»1(s) t f—-1(S) t —1(s)

Unauthorized copying or reuse of
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Note: Figure not drawn to scale.

3. (15 points)

A car of mass 1200 kg sits on a hydraulic lift as shown above. The radius of piston A is 0.30 m, and the radius
of piston B is 0.10 m. Ignore any pressure effects caused by differences in heights of the fluids.

(a) Piston B is pushed a distance of 2.5 m, raising the car slowly at constant speed. Calculate each of the
following.

i. The magnitude of the applied force on piston B

ii. The vertical distance moved by the car

(b) Calculate the work done by the applied force in lifting the car.

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT P AGE.
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Fluid

Note: Figure not drawn to scale.
Instead of the lift, a cap is fixed to the top of the pipe above piston A, and the space between A and the cap is
filled with an ideal gas, as shown above. A force is applied to piston B, compressing the gas above piston A.
(c) Assume the compression occurs at constant temperature. Sketch the process on the axes below, and indicate
its direction. )

Pressure
A

o »Volume

(d) Suppose instead that the compression occurs at constant pressure.

i.  Sketch the process on the axes below, and indicate its direction.

Volume
y

0 » Temperature

ii. Is heat added to or removed from the gas?
Heat is added. Heat is removed. There is no net heat exchange.

Justify your answer.

Unauthorized copying or reuse of

any part of this page ls Wlegal. GO ON TO THE NEXT PAGE.
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4. (15 points)

A 120 V power supply is connected through a 20 A fuse to a circuit in which a coffeemaker is connected in
parallel with a toaster. When each device is individually connected to the 120 V power supply, the coffeemaker
dissipates energy at the rate of 300 W, and the toaster dissipates energy at a rate of 1000 W. The fuse is a safety
device in which a wire of negligible resistance will melt and break the circuit when the current through it
exceeds 20 A (called “blowing the fuse™).

T o el -

Power Supply Fuse Coffeemaker Toaster

(a) Using the symbols above, draw a circuit diagram below showing the power supply, the fuse, and the two
appliances.

(b) Calculate the current through the fuse when both appliances are operating at the given energy rates.

Unauthorized copying or reuse of
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(c) Calculate the resistance of each appliance when operating at the given energy rates.

(d) Calculate the maximum power rating of a hair dryer that could be operated in parallel with the other two
appliances without blowing the fuse.

(e) Can the coffeemaker and toaster be connected in series with the power supply without blowing the fuse
when they are turned on? :

Yes No

Justify your answer.

Unauthorized copying or reuse of

any part of this page is illegal. G o ON TO THE NEXT P AGE.
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Double Screen
Slits
Light T
—i d

4

1.5m

Note: Figure not drawn to scale.

5. (10 points)
In a Young’s double-slit experiment, a laser beam of wavelength 670 nm is passed through two slits and an
interference pattern is formed on a screen placed 1.5 m from the slits, as shown above. A ruler with millimeter
markings is placed alongside the interference pattern to measure the fringe spacing z. The figure below is a scale
drawing of the pattern and ruler.

2 3 4 5 6 7 8 9 1011 12

Fringes on the screen for the 670 nm laser

(a) From the figure above, calculate the best value of the fringe spacing z.

(b) Calculate the spacing d between the slits.

Unauthorized copying or reuse of
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The original laser beam is now replaced by a new laser beam of an unknown wavelength 4, . A scale drawing of
the new interference pattern formed is given below.

Fringes on the screen for the unknown light

(c) From the figure above, calculate the unknown wavelength A, for this light.

(d) If the accepted wavelength of the second beam is 530 nm, calculate the percentage error in your answer to
part (c).

[Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAGE.
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6. (10 points)

A moving electron of mass m, is confined between two rigid walls of a box of length L =1.7x 107 m, as

represented above. The electron can be associated with a standing wave. The possible standing waves are similar
to standing waves on a string whose ends are fixed on opposite walls of the box, with wavelengths given by
A =2L/n, where n is an integer > 1.

(@)

i. Determine the wavelength 4; of the fundamental (first harmonic) of standing waves associated with
the electron.

ii. Determine the wavelength A, of the first overtone (second harmonic) of standing waves associated
with the electron.

iii. On the dashed lines below, each of length L, sketch the shape of the first two standing wave patterns
associated with the electron.

Fundamental First Overtone

Unauthorized copying or reuse of

any part of this page Is illegal. GO ON TO THE NEXT PAGE.
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(b) Starting with an equation for the de Broglie wavelength, derive an expression for the speed of the electron in
terms of n, h, m,, and L.

(c) Calculate the numerical value of the kinetic energy of the electron associated with the fundamental standing
wave.

Unauthorized copying or reuse of

any part of this page Is illegal. GO ON TO THE NEXT PAGE.
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THIS PAGE MAY BE USED FOR SCRATCH WORK.

STOP

END OF EXAM

THE FOLLOWING INSTRUCTIONS APPLY TO THE COVERS OF THE
SECTION Il BOOKLET.

e MAKE SURE YOU HAVE COMPLETED THE IDENTIFICATION
INFORMATION AS REQUESTED ON THE FRONT AND BACK
COVERS OF THE SECTION Il BOOKLET.

e CHECK TO SEE THAT YOUR AP NUMBER LABEL APPEARS IN
THE BOX(ES) ON THE COVER(S).

e MAKE SURE YOU HAVE USED THE SAME SET OF AP
NUMBER LABELS ON ALL AP EXAMS YOU HAVE TAKEN
THIS YEAR.
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Answer Key for AP Physics B
Practice Exam, Section I

Multiple-Choice Questions| 35
Question # Key 36
1 E 37
2 E 38
3 B 39 .
4 D 40
5 C 41
6 E 42
7 B 43
8" C 44
9 A 45
10 B 46
11 A 47
12 A 48
13 C 49
14 C 50
15 A 51
16 D 52
17 (o} 53
18 B 54
19 C 55
20 D 56
21 A 57
22 E 58
23 A 59
24 D 60
25 A 61
26* — 62
27 B 63
28 B 64
29 E 65
30 A 66
31 E 67
32 E 68
33 C 69
34 C 70

tdidielleli=liz el el izl il g gl Bl liclkEd vl IvlivlicI -l R TRel I R BN Tiwll- -1 e}

*Item 26 was not used in scoring.
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AP® PHYSICS B

2012 INTERNATIONAL EXAM SCORING GUIDELINES

Question 1

15 points total

(@

®

(©)

3 points

For work indicating use of conservation of energy
Ugl = Kz

1
mghy = 5”"’%

For a correct expression for determining the vertical drop distance
h = L - Lcos60°

h = 0.60 m - (0.60 m)cos60°

h=030m

Distribution
of points

1 point

1 point

For substitution of a drop distance (other than 0.60 m) into a correct expression for the speed 1 point

of the 0.66 kg ball just before the collision
v=2gh = J2(9.8 m/sz)(0.30 m)
v=24m/fs

3 points

The speed immediately after the collision equals the horizontal speed of the 0.22 kg ball
as it leaves the table, which is the horizontal distance it travels divided by the time
it takes to fall.

For a correct expression for the time it takes the 0.22 kg ball to fall

1
Ay =gt 2
t=\2Ay/g
t=2012 m)/(9.s m/s?)
t=049s (or0.50 susing g =10 m/s?)
For consistent substitution of the time into a correct expression for the speed of
the 0.22 kg ball after the collision
Yoy = X/t = (1.4 m)/(0.49 S)
For the correct numerical value of the speed
U2 =28 m/s (or 2.9 m/s using g = 10 m/s?)

3 points

For work indicating use of conservation of momentum
Mo 66V0.66i = Mo.66V0.665 T M0.22V0.221
For consistent substitution of the answer from part (a) as v, ¢; in a correct expression for

Vo.66

v _ MoesYossi ~ Mo22%22s _ (0.66 kg)(2.4 m/s) — (0.22 kg)(2.8 m/s)
0.68f Mo 66 (0.66 kg)

For the correct numerical value of the speed

Vg6 = 1.5 m/s (or 1.4 m/s using g =10 m/sz)

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

2012 INTERNATIONAL EXAM SCORING GUIDELINES

Question 1 (continued)

1 point

Distribution
of points

For indicating “To the right” as the direction of motion of the 0.66 kg ball after the collision 1 point

2 points

For an appropriate conservation of energy statement
Kl = Ug2

1 ’
5"11)366]’ = mgh

For consistent substitution of vy ¢, from part (c) into a correct expression for 4’ |
W= vg.66f __(@s m/s)?
28 (2)(9.8 m/s?)

 K=0llm

3 points

For any indication of comparing kinetic energies of the system before and after '
the collision
For calculating the two values of kinetic energy

K, = 3(0.66 kg)(2.4 m/s)’ = 1.9J

K, = 2(0.66 kg)(15 m/s)* + (022 kg)(28 m/s)’ = 1.6 ]

For indication that the difference in the kinetic energies means an inelastic collision
All three points could be earned for indicating that the collision is elastic only if it is
specifically stated that the difference in kinetic energies is not significant.

Alternate solution

For work indicating that the coefficient of elasticity must be calculated
For calculating the value of the coefficient of elasticity

e= lvo.zz 7~ Yoe6 f|/|v0.22i = Vg 6]

e = [2.8 m/s—1.5m/s|/|0 - 2.4 m/s|

e = 0.54

1 point

1 point

1 point

1 point

1 point

Alternate points
1 point
1 point

For indication that a coefficient of elasticity of less than one means an inelastic collision 1 point
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Question 2

15 points total

(@)

®

(©)

4 points

f F, applied

mg

The line of action of each force vector must pass through the dot.
For each correctly drawn and labeled force

~ One earned point was deducted if any extraneous forces are present.

3 points

To move the box at constant speed the applied force must equal the frictional force.

ZF = Fapplied —f= ma =0

F, applied = f

For a correct expression relating the frictional and normal forces
S =uN

For a correct expression for the normal force

N =mg

S = umg

For consistent substitution and evaluation

f = (020)(30 kg)(9.8 m/s?)

f=588N (or60N using g =10 m/s?)
4 points

For correctly determining the distance between the box and the elevator atr=4 s

d=16m- (1.2 m/s)(4s)=112m

For consistent substitution into a correct kinematic equation to determine the box’s
acceleration

d = vot + (1/2)at?

a=2(d - vet)/* = 2((11.2 m) - (1.2 m/s)(5 5))/(5 s)* = 0.42 m/s?

Note: Students may also employ graphical methods to determine the acceleration.

For an application of Newton’s second law to find the new applied force

Fc;pplied - f =ma

Févplied =ma+ f

For consistent substitution of values into Newton’s second law

Foppiea = (30 kg)(0.42m/s%) + 58.8 N
F}ptiea = TLAN (or 72.6 N using g = 10 m//s

© 2012 The College Board.
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Question 2 (continued)

Distribution
of points
©) continued
Alternate solution Alternate points
For correctly determining the distance between the box and the elevator att =4 s 1 point
d=16m- (1.2 m/s)(4s)=112m
For a correct application of kinematic equations with consistent substitutions to 1 point
determine the final velocity of the box
d= %(uo + v)t
v=2d[t - vy =2(11.2m)/(55)- 1.2 m/s
v=33 m/s
Note: Students may also employ graphical methods to determine the final velocity.
For a correct application of the work-energy theorem to find the net force 1 point
 W=F,d=AK= %mv2 ——;-mvg
m(? - &) _(0)(F 12t
met = 2d T 2(11.2 m) -
For using the vector addition of forces to determine the applied force 1 point
Fc:pplied -f= Fnet
Fc;oplied = Fnet + f
Fopiea =13N+60N = 73N
(d) 4 points
a v x
A A A
. —1(s : —1(s + — 1
0o 4 5 0 2 g 0 2 5
For indicating a zero initial acceleration 1 point
For showing zero acceleration until 4 s, then a change to a non-zero, positive constant 1 point
until 9 s
For a velocity graph that is a non-zero, positive constant until 4 s, then linearly increasing 1 point
until9s
For a distance graph that is linearly increasing until 4 s, then appropriately curved until 9 s 1 point
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Question 3
15 points total Distribution
of points
(@

i 3 points

For indicating that the pressures on the two pistons are the same 1 point
Py=Fy
Fy/Ay = Fp/A4p
Fp =Fydg/d4, = mgdg |4,
For correct substitutions 1 point
o (1200 kg)(9.8 m/s*)7(0.10 m)’

B £(0.30 m)?
For the correct answer 1 point
Fg =1307N (or 1333 N using g = 10 m/s?)

ii. 2 points

For correct substitution into an expression indicating that the change in volume is equal for 1 point
the two pistons

AAdA = ABdB
_ Agdy _ 7(0.10m)*(2.5m)
44 7(0.30 m)>

For the correct answer 1 point
d,=0278m

dy

) 2 points
For consistent substitution of force and distance into a correct expression for the work 1 point
W = (1307 N)(2.5 m) OR W = (1200 kg)(9.8 m/s?)(0.278 m)

For a correct answer consistent with the substitutions 1 point
W = 32681 OR W =32691

(or 3336 Jusing g = 10 m/s®) (or 3336 using g = 10 m/s?)
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Question 3 (continued)

Distribution
of points
(c¢) 2 points
Pressure
3
o *Volume
For a correctly drawn curved line 1 point
For an arrowhead indicating the correct direction of the process 1 point
@
i 2 points
Volume
0 » Temperature
For a correct straight line 1 point
For an arrowhead indicating the correct direction of the process 1 point
ii. 3 points
For indicating that heat is removed from the gas 1 point
For a correct justification 2 points

For example: From the first law of thermodynamics Q = AU —W . Since the
compression is isobaric, the temperature decreases. The work done on the gas is positive

and AU is negative, therefore the heat must be removed.

Units 1 point

For correct units on all numerical answers 1 point
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Question 4
15 points total Distribution
of points
(a) 3 points _
T
1%
P

For having the toaster and coffeemaker in parallel 1 point

For including the fuse in series with the power supply 1 point

For a complete circuit with all elements labeled and no extra devices 1 point
(b) 3 points

For a correct expression showing the relationship between power and current 1 point

I=PV

For calculating the current through each appliance (OR full credit could also be earned for 1 point

calculating the total power)

Icy =300 W/120V=25A

I =1000 W/120 V=83 A OR P,y = P, + B =300 W+ 1000 W = 1300 W

Ir=25A+83A OR Ip = P, /V =1300 W/120 V

For the correct answer 1 point

Ip =108 A
(©) 3 points

For a correct expression relating resistance and power, voltage or current (credit was not 1 point

awarded for showing the same expression used in (b))

R=V/I OR R=V?/P

For calculating the resistance of the coffeemaker 1 point

Rey =120 V/25A =48 Q OR Ry, = (120 V)2/300 W=48Q

For calculating the resistance of the toaster 1 point

386
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Rr=120V/833A=144Q OR Ry = (120 V)’ /1000 W = 144 Q
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Question 4 (continued)

Distribution
of points
()] 2 points
For calculating either: 1 point

the maximum power that can be drawn by the circuit,

OR the maximum current for the hair dryer such that the fuse is not blown,

OR the maximum resistance for the hair dryer such that the fuse is not blown
Maximum power of circuit: P = VI =120V (20 A) =2400 W

Maximum current in hair dryer: I;;;, =20A-10.8 A=92A

Maximum resistance of hair dryer: R,,, = T=50A = 6Q
1 _ 1 1 1

€0 1440 WO Ry

Ryp =13.1Q

For calculating the maximum power of the hair dryer for using one of the quantities above 1 point
Pyp =2400 W —-1300 W = 1100 W

OR Pyp = (9.2 A)(120 V) = 1100 W
OR Py, =V*/R=(120 V)*/13.1Q =1100 W

(e) 3 points

For indicating “Yes” (the two original appliances can be operated in series without blowing 1 point
the fuse)

For indicating that the equivalent resistance of the series circuit is greater than the equivalent 1 point
resistance of the parallel circuit

For indicating that the current is less than 20 A with correct reasoning 1 point

Note: The last two points were only received if the correct answer was given

Units 1 point

For correct units on all numerical answers, parts (b), (c), (d) 1 point
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Question b

2 points

Distribution

of points

For any indication of counting the number of fringes between two ruler values, then dividing 1 point

the ruler distance by the number of fringes

For applying this concept with appropriate numbers, obtaining an answer in the range
I.lmm < z<1.3mm

For example: There are 9 complete fringes (light plus dark area) between 0.6 and 11.1 mm
z=(11.1mm - 0.6 mm)/9 = (10.5 mm)/9
z=117 mm

3 points

For using the appropriate expression for the position of a maxima

x,, = mAL/d

For indicating that the fringe spacing is the difference between the positions of two
adjacent maxima

Xpil =Xy =(m+1=m)AL/d = AL/d (m=1 can be implied)

Solving for the slit spacing:

d=AL/z

For substituting 4, L, and the value of z from part (a)

d = AL/z = (670 nm)(1.5 m)/(1.17 mm)

d = 0.859 mm

Note: Students who correctly applied the equation mA = dsin@ received full credit. In
addition, students who correctly used the Pythagorean theorem to calculate the path

length difference for a specific maximum and set it equal tomA , also received full credit.

3 points

For applying the equation for fringe spacing from (b) to the new situation

Ay =2,d / L

For a reasonable value for the new fringe spacing, consistent with the method in part (a)
z, = 1.00 mm

For substituting the value of d from part (b)
A, = (1.00 mm)(0.859 mm)/(1.5 m)

Ay =573 nm
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Question 5 (continued)

Distribution
of points
(continued)
Alternate Solution Alternate Points

For using a correct relationship between the initial fringe spacing and wavelength and the 1 point
second fringe spacing and wavelength

27y = A2

A =z A)z

For a reasonable value for the new fringe spacing 1 point
z, = 1.00 mm ‘

For substituting the value of z from part (a) 1 point
A, = (1.00 mm)(670 nm)/(1.17 mm)

Ay =573 nm

2 points

experimental value — accepted value
accepted value
For substituting 530 nm for the accepted value into a correct expression for the percent error 1 point
For substituting the answer from part (c) for the experimental value 1 point
573 nm — 530 nm
530 nm
% error = 8.11%

% error =

% error =
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Question 6
10 points total Distribution
of points
(@)
(i) 2 points
For using the given equation for wavelength with n =1 1 point
A=2L/n
A =2(1.7x107 m) /1
For the correct answer with units 1 point
M =34%x10"1"m
Note: Full credit was awarded for saying 4, = 2L
(ii) 1 point
A =2(17x107% m) /2
For the correct answer with units 1 point

A =17x10710m
Note: Full credit was awarded for saying that 4, = L

(iii) 2 points

Fundamental First Overtone
For the correct fundamental wave pattern, including being sinusoidal in shape and having a
non-zero slope at the endpoints
For the correct first overtone wave pattern, including being sinusoidal in shape and having a
non-zero slope at the endpoints

Note: No points were awarded if patterns shown above were drawn in wrong boxes.
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Question 6 (continued)

2 points

For using the expression for de Broglie wavelength with the substitution p = m,v
A=h/p=h/mu

For substituting using the given equation relating wavelength and »

v, = nh/2m,L

3 points

1 2 Pt
Kl = ‘Emevl OR Kl = 2m

e

For substituting the expression for v with » =1 into a correct expression for the kinetic
energy

2 2
_1 h __h
k= 2™ (ZmeL) B 8m,I*
For substituting a value for s with units consistent with those in the answer
For substituting m, and L correctly

(663% 10 1.s)’
8(9.11x 107! kg)(1.7 x 107 m}’

K; =2.09x1078 J (or13.0 eV)
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2012 AP Physics B Scoring Worksheet

Section I: Multiple Choice

X 1.3043 =
Number Correct Weighted Section I Score
(out of 69*) (Do not round)

Section II: Free Response

Question 1 x 1.1250
(out of 15) (Do not round)

Question 2 X 1.1250
(out of 15) (Do not round)

Question 3 X 1.1250
(out of 15) (Do not round)

Question 4 x 1.1250
(out of 15) (Do not round)

Question 5 x 1.1250
(out of 10) (Do not round)

Question 6 X 1.1250
(out of 10) (Do not round)

Sum =
Weighted
Section I
Score
(Do not round)

Composite Score

Weighted Weighted Composite Score
Section I Score Section II Score (Round to nearest
whole number)

AP Score Conversion Chart
Physics B
Composite
Score Range | AP Score
129-180
100-128
71-99
52-70
0-51

=N W ol

*Although 70 multiple-choice items were administered in Section I, item 26 was not used in scoring.
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