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Dear AP Physics C Students,

Welcome to AP Physics C! I'm excited that you've chosen to take on this challenging and
rewarding course. This class, which covers both mechanics and electricity & magnetism,
is calculus-based and equivalent to a first-year college physics course for science and
engineering majors. To help you prepare and ensure a smooth start to the school year,
you are being assigned a summer assignment.

Summer Assignment Instructions:

1. Download and complete the AP Physics C Practice Test. This practice test is
designed to help refresh your problem-solving skills and give you an idea of the
level of rigor expected in this course.

2. Show all your work clearly. Physics is not just about the final answer,; it's about
your reasoning and process. Be sure to include diagrams, equations, and
explanations as appropriate.

3. Use only approved resources. You may use your notes, textbooks, and online
simulations/tools for review, but do not copy answers. The goal is for you to
assess your understanding and identify areas you may need to strengthen.

4. Turn in your completed practice test on the first day of school. This assignment will
count as your first graded assessment, so make sure it is complete, neat, and
ready to submit.

Recommended Review Topics:
e Basic kinematics and Newton’s laws
Work, energy, and momentum
Rotational motion (for Mechanics students)
Calculus applications in physics (derivatives and integrals)
Fundamental electrostatics and basic circuit analysis (for E&M students)

If you have questions over the summer, don’t hesitate to reach out via email. I'll check
periodically and will do my best to respond in a timely manner. Enjoy your summer break,
stay curious, and get ready to challenge yourself in one of the most intellectually
stimulating courses Columbus has to offer!

Sincerely,

M. .%gg!{zdaﬂ
AP Physics C Instructor
Christopher Columbus High School

_t.

Accredited by AdvancEd and a member of the National Catholic Educational Association

Christopher Columbus Ph: (305) 223-5650
A Marist Brothers High School Fax: 305-559-4306
3000 SW 87th Avenue Miami, FL 33165 www.columbushs.com
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AP° Physics 1: Algebra-Based Exam

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

( At a Glance )

Total Time
1 hour and 30 minutes
Number of Questions
50
Percent of Total Score
50%
Writing Instrument
Pencil required
Electronic Device

Calculator allowed
N 2

Instructions

Section I of this exam contains 50 multiple-choice questions. Pages containing equations
and other information are also printed in this booklet. Calculators, 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.

Because this section offers only four answer options for each question, do not mark the
(E) answer circle for any question. If you change an answer, be sure that the previous
mark is erased completely.

For questions 1 through 45, select the single best answer choice for each question. After
you have decided which of the choices is best, completely fill in the corresponding circle
on the answer sheet. Here is a sample question and answer.

: e Buestio ; I w
Chicago is a O XCICIGC)
(A) state

(B) city

(C) country

(D) continent

For questions 131 through 135, select the two best answer choices for each question.
After you have decided which two choices are best, completely fill in the two
corresponding circles on the answer sheet. Here is a sample question and answer.

New York is a " ¥ ECROG)
(A) state
(B) city

(C) country
(D) continent

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 Section I is based only on the number of questions answered correctly.
Points are not deducted for incorrect answers or unanswered questions.



AP® PHYSICS 1 TABLE OF INFORMATION

CONSTANTS AND CONVERSION FACTORS

Proton mass,
Neutron mass,

Electron mass,

m, =1.67x 107 kg
m, =1.67x 107 kg

m, =9.11x 107" kg

Electron charge magnitude,
Coulomb’s law constant,

Universal gravitational
constant,

e=160x10"" C
k = 1/47e, = 9.0 x 10° N.m?/C>

G =6.67x10""" m?/kg.s?

. B 8 ‘ Acceleration due to gravity _ 2
Speed of light, ¢ =3.00 x 10° m/s at Barth'’s sucface. & = 98 m/s
meter, m kelvin, K watt, W degree Celsius, ¥
UNIT kilogram, kg hertz, Hz coulomb, C
SYMBOLS second, s newton, N volt, A%
ampere, A joule, J ohm, Q
PREFIXES VALUES OF TRIGONOMETRIC FUNCTIONS FOR COMMON ANGLES
Fact Prefi Symbol o o - - o o
T e 0 30 37 53 60 90
10 tera T
; 1/2 3/5 | V2, 4/5 3
10° o G sin@ 0 / / 2/2 /s V3/2 1
10 mega M cos@ 1 V3/2 | 4/5 | v2/2 | 3/5 1/2 0
10° kilo k tan & 0 V3/3 | 3/4 1 4/3 12} oo
1072 centi C
107 milli m The following conventions are used in this exam.
1076 micro 1. The fra.mr:: of reference of any problem is assumed to be inertial unless
iy otherwise stated.
10 Dano H II. Assume air resistance is negligible unless otherwise stated.
10712 pico p III. In all situations, positive work is defined as work done on a system.
IV. The direction of current is conventional current: the direction in which
positive charge would drift.
V. Assume all batteries and meters are ideal unless otherwise stated.




AP® PHYSICS 1 EQUATIONS

MECHANICS
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PHYSICS 1
SECTION 1
Time—1 hour and 30 minutes

50 Questions
Note: To simplify calculations, you may use g = 10 m/s* in all problems.

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

1. A blue sphere and a red sphere with the same 2. A 12 kg box sliding on a horizontal floor has an
diameter are released from rest at the top of a initial speed of 4.0 m/s. The coefficient of
ramp. The red sphere takes a longer time to friction between the box and the floor is 0.20.
reach the bottom of the ramp. The spheres are The box moves a distance of 4.0 m in 2.0 s. The

then rolled off a horizontal table at the same . .
. . magnitude of the change in momentum of the
time with the same speed and fall freely to the ; A
box during this time is most nearly

floor. Which sphere reaches the floor first?

(A) The red sphere (A) 12kg-m/s

(B) The blue sphere (B) 48kg-m/s
(C) The sphere with the greater mass (C) 60kg-m/s
(D) Neither; the spheres reach the floor at the (D) 96kg-m/s
same time.
)
3.0
2.5

2.0 \

v(m/s) 1.5

/
1.0
W

N L
0 5 10 15
1(s)

3. The motion of an object is shown in the velocity-time graph. Which best describes the motion of the object?

(A) The object is either speeding up or slowing down the entire time.
(B) The object starts and finishes at the same position.
(C) The object travels in the same direction for the entire time.

(D) The object undergoes positive acceleration the entire time.

Unauthorized copying or reuse of -4- GO ON TO THE NEXT PAGE.

any part of this page is illegal.




4. A rubber ball with mass 0.20 kg is dropped

vertically from a height of 1.5 m above a floor.
The ball bounces off of the floor, and during the

bounce (.60 J of energy is dissipated. What is
the maximum height of the ball after the
bounce?

(A) 0.30m
(B) 0.90m
(C) 12m
D) 15m

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

5. A sled slides down a hill with friction between

the sled and hill but negligible air resistance.
Which of the following must be correct about
the resulting change in energy of the sled-Earth
system?

(A) The sum of the kinetic energy and the
gravitational potential energy changes by
an amount equal to the energy dissipated
by friction.

(B) The gravitational potential energy
decreases and the kinetic energy is
constant.

(C) The decrease in the gravitational potential
energy is equal to the increase in kinetic
energy.

(D) The gravitational potential energy and the
kinetic energy must both decrease.

GO ON TO THE NEXT PAGE.



Questions 6 through 8 refer to the following material.
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A student sets an object attached to a spring into oscillatory motion and uses a position sensor to record the
displacement of the object from equilibrium as a function of time. A portion of the recorded data is shown in the

figure above.

6. The speed of the object at time r = 0.65 s is
most nearly equal to which of the following?

(A) The value of the graph at 0.65 s
(B) The slope of the line connecting the origin
and the point on the graph at 0.65 s

(C) The slope of the line connecting the point
where the graph crosses the time axis

near 0.57 s and the point on the graph at
0.65s

(D) The slope of the tangent to a best-fit
sinusoidal curve at 0.65 s

7. The total distance traveled by the object between
0.35 s and 0.40 s is most nearly

(A) Ocm
(B) 2cm
(C) 4cm
(D) 6cm

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

8.

The frequency of oscillation is most nearly

(A) 0.5Hz
(B) 0.7Hz
(C) 1.4Hz
(D) 2.0Hz

9. An object is moving to the west at a constant

speed. Three forces are exerted on the object.
One force is 10 N directed due north, and
another is 10 N directed due west. What is the
magnitude and direction of the third force if the
object is to continue moving to the west at a
constant speed?

(A) 103 N, directed northwest
(B) 1043 N, directed southeast

(C) 10V2 N, directed northwest
(D) 10y2 N, directed southeast

GO ON TO THE NEXT PAGE.



10. Block A of mass 2.0 kg is released from rest at the top of a 3.6 m long plane inclined at an angle of 30°, as
shown in the figure above. After sliding on the horizontal surface, block A hits and sticks to block B, which is

at rest and has mass 3.0 kg. Assume friction is negligible. The speed of the blocks after the collision is most
nearly

(A) 24m/s
(B) 3.2m/s
(C) 3.8m/s
(D) 6.0m/s

Figure 1

Figure 2

11. A student is asked to move a box from ground level to the top of a loading dock platform, as shown in the
figures above. In Figure 1, the student pushes the box up an incline with negligible friction. In Figure 2, the
student lifts the box straight up from ground level to the loading dock platform. In which case does the student
do more work on the box, and why?

(A) Lifting the box straight up, because it requires a larger applied force to lift it straight up
(B) Pushing the box up the incline, because the force is applied for a longer distance
(C) Lifting the box straight up, because the incline acts as a simple machine and reduces the force required

(D) Neither method, because the work is the same in both cases, since using the ramp decreases the force by
the same factor that it increases the distance

Unauthorized copying or reuse of 7= GO ON TO THE NEXT PAGE.

any part of this page is illegal.




Position (m) | Time (s)
0.0 0.0
0.1 1.0
0.4 2.0
0.9 3.0
1.6 4.0

12. A block of mass 2.0 kg, starting from rest, is

pushed with a constant force across a horizontal
track. The position of the block as a function of
time 1s recorded, and the data are shown in the
table. What is the magnitude of the change in

momentum of the block between zero and 4.0
seconds?

(A) 0.8kgm/s
(B) 1.2 kgm/s
(C) 1.6 kgm/s
(D) 3.2kgm/s

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

13. The wheel on a vehicle has a rotational inertia of

2.0kg - m?. At the instant the wheel has a
counterclockwise angular velocity of 6.0 rad/ s,
an average counterclockwise torque of

5.0 N - m is applied, and continues for 4.0 s.
What is the change in angular momentum of the
wheel?

(A) 12kg-m?/s

(B) 16kg-m?/s

(C) 20kg-m’/s

(D) 32kg-m’/s

GO ON TO THE NEXT PAGE.



14. A student uses a spring scale to exert a horizontal force on a block, pulling the block over a smooth floor. The
student repeats the procedure several times, each time pulling the block from rest through a distance of 1.0 m.
For which of the following graphs of force as a function of distance will the block be moving the fastest at the

end of the 1.0m ?

(A) A
= 6.0
Z
8 3.0
£
1] -
0 0.5 1.0
Distance (m)
(B)
6.0
&
Y 3.0
S
(o
0 -
0 0.5 1.0
Distance (m)
©)
6.0
Z
3 3.0
i
0 -
0 0.5 1.0
Distance (m)
(D) A
. 6.0
&
8 3.0
£
0 -
0 0.5 1.0

Distance (m)

Unauthorized copying or reuse of
any part of this page is illegal.
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15. A projectile fired into the air explodes and splits 16. An elevator carrying a person of mass m is

into two halves of equal mass that hit the ground moving upward and slowing down. How does
at the same time. If the projectile had not the magnitude F of the force exerted on the
exploded, it would have landed at point X, which person by the elevator floor compare with the
is a distance R to the right of the launch point. magnitude mg of the gravitational force?
After the explosion, one of the halves lands at
point Y, which is a distance 2R to the right of (A) F<mg
the launch point. If air resistance is negligible, (B) F=mg
where did the other half land?

(C) F>mg
(A) To the left of the launch point (D) F can be greater than or less than mg,
(B) At the launch point depending on the speed of the elevator.
(C) Between the launch point and point X
(D) Between points X and Y

Unauthorized copying or reuse of -10- GO ON TO THE NEXT PAGE.

any part of this page is illegal.
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17. A soft foam block of mass m slides without
friction in the positive x-direction with speed v.
At time 7 = 0, a student briefly pushes the block
with a force probe in the positive x-direction.
The graph above shows the force probe’s
measurements as a function of time during the
push. Which of the following statements is true
about the block’s momentum between 1 = 0 and
I=f ?

(A) The momentum of the block has decreased
to zero at time f;.

(B) The momentum of the block has increased
by approximately % Fot.

(C) The momentum of the block has decreased
by approximately % Fot.

(D) The change in momentum cannot be
determined without knowing the distance
by which the force probe compressed the
block.

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

=-11-

GO ON TO THE NEXT PAGE.



10

Zz 5

P

3]

S 0

= 70 1 5 3 4
e | |

x(m)

18. A cart is moving on a level track in the positive x-direction. A force acting parallel to the x-axis is exerted on
the cart. The graph above shows the net force exerted on the cart as a function of displacement. As the cart

travels from x = 0 m to x = 4 m, what is the net change in the kinetic energy of the cart?

(A) Anincrease of 20J
(B) Anincrease of 10J
(C) A decreaseof2017J
(D) A decrease of 10 ]

Unauthorized copying or reuse of -12- GO ON TO THE NEXT PAGE.

any part of this page is illegal.
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19. Carts 1 and 2 are initially moving toward each other, as shown in the top figure. The carts collide and afterward
are both moving to the right, as shown in the bottom figure. If the positive direction is to the right, which of the
following best represents the force exerted on each cart by the other during the collision as a function of time?

(A) Force

;2 ~>on Cart 2
7 LY
t’ \'\

O === —= »Time

(©) Force

/“"\on Cart 2
. \

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

(B) Force

L--=0n Cart 2

v—»ﬂme
on Cart |

(D) Force

-13-

= »Time

"h‘ ’/
\ Fd
N

I
*<_~“on Cart 2
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20. Block A is set on a rough horizontal table and is connected to a horizontal spring that is fixed to a wall, as

shown. Block A is then also connected to hanging block B by a lightweight string that passes over an ideal
pulley, as shown. The friction force exerted on block A by the table is not negligible. The blocks are initially

held at rest so that the spring is not stretched. When the blocks are released, hanging block B moves downward
and block A on the table moves to the right until the system comes again to rest. Let E; be the mechanical

energy of the blocks-spring system, and let £, be the mechanical energy of the blocks-spring-Earth system.
How do these two energies change from when the blocks are held at rest to when the blocks come to rest again?

Blocks-Spring System Blocks-Spring-Earth System

(A) Increases Decreases

(B) Decreases Increases

(C) Remains constant Decreases

(D) Remains constant Remains constant
Unauthorized copying or reuse of -14- GO ON TO THE NEXT PAGE.
any part of this page is illegal.
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Case |

Case 2

Case 3

21. The figures show a cart moving over the top of a hill (Case 1), moving at the bottom of a dip (Case 2), and

moving at the top of a vertical loop (Case 3). In each case, the normal force acting on the car is F, and the
weight of the car is F,. In which case is it always true that F, > F,, and in which case is it always true that

F,<F?

() F, > F, Always

F, < F, Always

Case 1

Case 3

®) F, > F, Always

F, < F, Always

Case 2

Case 1

(©)
F, > F, Always

F, < F, Always

Case 2

Case 3

D) F, > F, Always

F, < F, Always

Case 3

Case 1

Unauthorized copying or reuse of

any part of this page is illegal.
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22. Two objects, A and B, move toward one another.
Object A has twice the mass and half the speed
of object B. Which of the following describes the
forces the objects exert on each other when they
collide and provides the best explanation?

(A) The force exerted by A on B will be twice
as great as the force exerted by B on A,
because A has twice the mass of B.

(B) The force exerted by A on B will be half as
great as the force exerted by B on A,
because A has half the speed of B.

(C) The forces exerted by each object on the
other are the same, because the product of
mass and speed is the same for both
objects.

(D) The forces exerted by each object on the
other are the same, because interacting
objects cannot exert forces of different
magnitude on each other.

Unauthorized copying or reuse of
any part of this page is illegal.
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23.

Three spheres, with masses indicated above, are
initially far away from each other, and the
gravitational potential energy of the three-sphere
system is zero. The spheres are then brought
together until each sphere is a distance r from
the other two, as shown above. What is the new
gravitational potential energy of the three-sphere
system?

. Gm?
(A —
r
2G6m?
B) —
r
\ 4Gm?
©) —
7
2
5Gm
(L) = p

GO ON TO THE NEXT PAGE.



24. Steel sphere A of mass M is moving along a
horizontal surface with constant speed v.
Identical steel sphere B is at rest and hangs on a
string of length R attached to a support at point
P, as shown in the figure above. The spheres
collide, and as a result sphere A stops and sphere
B swings a vertical height /1 before coming
momentarily to rest. Knowing values for which
of the following will allow determination of the
angular impulse on sphere B with respect to P
due to the collision?

(A) M andv only
(B) M,v,and h
(C) Randh

(D) R, M,and v

Unauthorized copying or reuse of
any part of this page is illegal.
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Block position with
- é — e
D unstretched spring
/ b 0.20 m

Figure 1 Figure 2

25. A 1.0 kg block is attached to an unstretched spring of spring constant 50 N/ m and released from rest from the
position shown in Figure 1 above. The block oscillates for a while and eventually stops moving 0.20 m below

its starting point, as shown in Figure 2. What is the change in potential energy of the block-spring-Earth system
between Figure | and Figure 2 ?

(A) —1.07
B) 07

(C) 1.0J
D) 3.07

26. Blocks A and B, of masses m, and myp, are at rest on a frictionless surface, as shown above, with block A fixed
to the table. Block C of mass m is suspended by a string that is tied to block B over an ideal pulley. Which of
the following gives the magnitude of the force exerted by block A on block B ?

(A) mpg
(B) mcg

©)

(D)

Unauthorized copying or reuse of -18- GO ON TO THE NEXT PAGE.
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27. A box experiences a varying net force that changes its velocity. The graph shows the velocity of the box as a
function of time.

Which of the following correctly describes the net work, W, done on the box for the given intervals of time?

(A)

B)

©

D)

Between 0 and 1

Between 1 and 1,

Between 1, and 15

Woet > 0

Woet = 0

Wiet <0

Between 0 and 1

Between 1 and 1,

Between 1, and 13

Woet =0

W.>0

net

W,

net

>0

Between 0 and 1

Between £ and 1,

Between 1, and 15

Wi =0

Woer =0

W,

net

<0

Between 0 and ¢

Between f; and 1,

Between 1, and 15

W .. >0

net

W . >0

net

W,

net

>0

Unauthorized copying or reuse of
any part of this page is illegal.
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28. A cart of mass m is moving with negligible
friction along a track with known speed v; to the
right. It collides with and sticks to a cart of mass
4m moving with known speed v, to the right.
Which of the two principles, conservation of
momentum and conservation of mechanical
energy, must be applied to determine the final
speed of the carts, and why?

(A) Only conservation of momentum, because
the momentum lost by one cart is gained
by the other and there is only one
unknown quantity.

(B) Both conservation of mechanical energy
and conservation of momentum, because
both principles apply in any collision.

(C) Both conservation of mechanical energy
and conservation of momentum, because
neither cart changes direction.

(D) Either conservation of momentum or
conservation of mechanical energy,
because only one equation is required to
solve for the one unknown variable.

Unauthorized copying or reuse of
any part of this page is illegal.
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Questions 29 and 30 refer to the following.

@y

Top View

(\‘.’)l— ——————————————

= Time

0

A solid disk whose plane is parallel to the ground spins with an initial angular speed @. Three identical blocks are
dropped onto the disk at locations A, B, and C, one at a time, not necessarily in that order. Each block
instantaneously sticks to the surface of the disk, slowing the disk’s rotation. A graph of the angular speed of the disk
as a function of time is shown.

29. Based on the data presented in the graph, which

of the following lists the points in the order in
which the blocks are dropped onto the disk?

(A) A,B,C
(B) B,C, A
(C) C,A, B
(D) B,A,C

Unauthorized copying or reuse of
any part of this page is illegal.
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30. The blocks are now dropped in the reverse order
and the final angular speed of the disk is @5.
How does @, compare to @4, the final angular
speed shown on the graph from the initial
experiment?

(A) oy <o

B) ;=0

(C) o, >0,

(D) The final angular speed cannot be
compared without knowing the distances
from the disk’s center to points A, B, and

C.

31. The figure above shows a uniform meterstick that is set on a fulcrum at its center. A force of magnitude
toward the bottom of the page is exerted on the meterstick at the position shown. At which of the labeled

positions must an upward force of magnitude 2F be exerted on the meterstick to keep the meterstick in
equilibrium?

A) A
(B) B
<€ c
(D) D

Unauthorized copying or reuse of -22- GO ON TO THE NEXT PAGE.
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32. In a classroom at time ¢ = 0, a sphere is thrown upward at a 45° angle to the horizontal. At time £, while the
sphere is still rising, it bounces oft the ceiling elastically and with no friction. Which of the following pairs of
graphs could represent the sphere’s horizontal velocity and vertical velocity as functions of time ¢ ?

(A)

(B)

©

(D)

Horizontal Velocity

Vertical Velocity

v

Vertical Velocity

V. v

Horizontal Velocity

Unauthorized copying or reuse of
any part of this page is illegal.
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33. Two satellites are in circular orbits around Earth.
Satellite A has speed v,. Satellite B has an
orbital radius nine times that of satellite A. What
is the speed of satellite 5 ?

(A) w/9
B) vy/3
©) 3wy
(D) 9wy

34. In trial 1 of an experiment, a cart moves with speed v, on a frictionless, horizontal track and collides elastically
with another cart that is initially at rest. In trial 2, the setup is identical except that the carts stick together
during the collision. How does the speed of the two-cart system’s center of mass change, if at all, during the

collision in each trial?

(A) Trial 1 Trial 2
Does not change Does not change
(B) Trial 1 Trial 2
Does not change Decreases
© Trial 1 Trial 2
Decreases Does not change
(D) Trial 1 Trial 2
Decreases Decreases
Unauthorized copying or reuse of -24-

any part of this page is illegal.

GO ON TO THE NEXT PAGE.



Astronaut Y

Astronaut X

Figure |

ASGONEIEX Astronaut Y

Figure 2

35. Two astronauts are connected by a taut cable and are initially at rest with respect to a nearby space station.
Astronaut X throws a large container to Astronaut Y. Figure | above shows the astronauts immediately after the
container is thrown by Astronaut X, and Figure 2 shows the astronauts immediately after the container is caught
by Astronaut ¥. Which of the following describes the motion of Astronaut Y in Figures 1 and 2 ?

A ;
(A) Figure 1 Figure 2
Does not move Moves to the right
(®) Figure 1 Figure 2
Moves to the right Moves to the right
© Figure 1 Figure 2
Does not move Does not move
®) Figure 1 Figure 2
Moves to the left Does not move
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36. The graph above shows the force exerted by a spring as a function of the length of the spring. A block on a
frictionless table is pushed against the spring that is fastened to a wall. The spring is compressed until its length

is 20 cm. The block is then released. Which of the following values is closest to the kinetic energy with which
the block leaves the spring?

(A) 37
(B) 6]
©) 127
(D) 157
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37. An object is subject to multiple forces that result in the object having horizontal and vertical velocity
components v, and v,, respectively as a function of time, as shown. Which of the following free-body diagrams

¥’

could represent the forces exerted on the object?

(A)
A
e
\
(B)
7
¢
© I
A
7
¢
Y
(D)
A
si=
/’-
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38.

39.

~—— &
P

Two identical blocks A and B are connected by a lightweight rope. Block A is pulled to the right by a constant
force Fy. The blocks are moving to the right across a rough surface and approach point P, where the rough
surface transitions to a surface with negligible friction. How does the tension, 7', in the rope connecting the
blocks change, if at all, as block A passes point P ?

(A) T decreases.
(B) T increases.
(C) T remains constant.

(D) The change in T cannot be determined without knowing the coefficient of friction and the mass of the
blocks.

A force F, is applied continuously to a box initially at rest on a horizontal surface. The box slides with
negligible friction for equal distances d; and d,, as shown. How does the kinetic energy gained by the block
over distance interval d,, A K,, compare to the kinetic energy gained over distance interval d;, A K|, and why?

(A) AK, = AK|, because the velocity increases by the same amount over intervals d; and d,.
(B) AK, = AKj, because the applied force does the same work on the block over intervals ¢; and d,.
(C) AK, > AKj, because the block is moving faster on average over interval d,.

(D) AK, > AKj, because the rate of change of kinetic energy is greater over interval d,.
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Block 1

Block 2

40. Two identical blocks are connected by a lightweight string that passes over a lightweight pulley that can rotate
about its axle with negligible friction. The two-block system is released from rest and the blocks accelerate.

Which of the following correctly relates the potential energy gained by the block 1-Earth system | AU, ‘ to the
potential energy lost by the block 2-Earth system ‘ A U2| and provides correct evidence?

(A) |A U, ‘ = | AU, [, because both blocks travel the same distance.
(B) |A U, ‘ = | AU, [, because both blocks gain the same amount of kinetic energy.
(©) |A Ul‘ < |A Uy [, because the two-block system gains kinetic energy.

(D) |A U | < | AU, l, because the tension exerted on block | by the string is less than the tension exerted on
block 2 by the string.

O

o

41. A vertical spring launcher is attached to the top of a block and a ball is placed in the launcher, as shown in the
figure. While the block slides at constant speed to the right across a horizontal surface with negligible friction
between the block and the surface, the ball is launched upward. When the ball reaches its maximum height,
what will be the position of the ball relative to the spring launcher?

(A) Above and to the right of the spring launcher

(B) Directly above the spring launcher

(C) Above and to the left of the spring launcher

(D) The relative position of the ball depends on the horizontal speed of the block.
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42. A bicycle wheel of known rotational inertia is
free to rotate about its central axis. With the
wheel initially at rest, a student wraps a string
around the wheel and pulls the string with a
spring scale, causing the wheel to rotate. The
student records the tension in the string and the
time for which the string was pulled. Without
measuring the wheel’s final angular speed, can
the student find the magnitude of the wheel’s

final angular momentum, and what is a correct
explanation?

(A) Yes. The student has sufficient information
already.

(B) Yes. The student also needs to measure the
wheel’s radius to calculate the torque
exerted on the wheel.

(C) No. Angular momentum can only be found
by measuring rotational inertia and
angular speed.

(D) No. Measuring the radius would allow the
student to calculate the torque, not the
angular momentum.
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Case A Case B

Case C

43. The figure shows three cases where two spheres are touching and attract each other with the gravitational force.
The radii of the spheres in each case are shown. All of the spheres are made of material with the same density.
Which of the following correctly ranks these cases based on the gravitational force between the spheres?

44,

(A) (A=B)>C
B) A>C>B
(C) B>C>A
(D) C>(A=B)

On Earth, when a box slides across a horizontal
board, the board exerts a frictional force of
magnitude F; on the box. The board and the box
are moved to a planet with twice the radius but
one-third the mass of Earth. When the box slides
across the board, the frictional force exerted by
the board on the box is now

(A) —FK
B) - K

©) T K

D) K
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45. An object is initially at rest. A varying force is applied to the object as shown in the graph. Which of the
following correctly explains the momentum of the object at time 1 = 7 s ?

(A) The final momentum of the object is negative because the slope of the graph is negative the entire time
fromr=0stor=7s.

(B) The final momentum of the object is positive because the maximum magnitude of the force in the positive
direction is twice the maximum magnitude of the force in the negative direction.

(C) The final momentum of the object is negative because the magnitude of the area bounded by the graph
and the horizontal axis is less from ¢t =0s tor=2s thanfromr=2stot=7s.

(D) The final momentum of the object is positive because the average magnitude of the force is higher from
t = 0s tot =2 s than the average magnitude of the force fromr=2stor=7s.
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Directions: For each of the questions or incomplete statements below, two of the suggested answers will be correct.
For each of these questions, you must select both correct choices to earn credit. No partial credit will be earned if
only one correct choice is selected. Select the two that are best in each case and then fill in the corresponding circles
that begin with number 131 on the answer sheet.

Angular
Momentum
A

= Time

131. The angular momentum of a rigid body rotating around a fixed point as a function of time is shown in the
graph. Which of the following statements are true? Select two answers.

(A) The angular speed of the object is constant.
(B) The angular acceleration of the object is constant.
(C) The angular position of the object is constant.

(D) The net torque applied to the object is constant.
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132. Two lab carts have the same mass and are free to move on a horizontal track. The carts’ wheels have negligible
mass. Cart | travels to the right at 1.0 m /s and collides with cart 2, which is initially at rest, as shown at left
above. Cart 2 has a compressed spring-loaded plunger with a nonnegligible amount of stored energy. During

the collision, the spring-loaded plunger pops out, staying in contact with cart 1 for 0.10 s as the spring
decompresses. Negligible mechanical energy dissipates during the collision. Taking rightward as positive, the
carts’ velocities after the collision could be which of the following? Select two answers.

(A)

(B)

(©)

D)

Cart 1 Cart 2
0 1.0m/s
Cart 1 Cart 2
05m/s 05m/s
Cart 1 Cart 2
—0.5m/s 1.5m/s
Cart 1 Cart 2
—1.0m/s 20m/s
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133. A block of mass m is at rest on a rough incline, as shown in the figure above. Which of the following forces
must have a magnitude equal to mg ? Select two answers.

(A) The total force exerted on the block by the incline

(B) The normal force exerted on the block by the incline
(C) The force of friction exerted on the block by the incline
(D) The gravitational force exerted on Earth by the block
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