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This book is a compilation of all the problems published by College Board in AP
Physics B and AP Physics C that are appropriate for the AP B level as well as
problems from AAPT’s Physics Bowl and U.S. Physics Team Qualifying Exams
organized by topic.

The problems vary in level of difficulty and type and this book represents an
invaluable resource for practice and review and should be used... often. Whether
you are struggling or confident in a topic, you should be doing these problems as a
reinforcement of ideas and concepts on a scale that could never be covered in the
class time allotted.

The answers as presented are not the only method to solving many of these
problems and physics teachers may present slightly different methods and/or
different symbols and variables in each topic, but the underlying physics concepts
are the same and we ask you read the solutions with an open mind and use these
differences to expand your problem solving skills.

Finally, we are fallible and if you find any typographical errors, formatting errors
or anything that strikes you as unclear or unreadable, please let us know so we can
make the necessary announcements and corrections.

Problems marked with an asterisk (*) are challenging problems that some would
consider to be outside the scope of the course, but rely on the concepts taught
within the course or they may require information taught in a later part of the
course. These are for those students who wish to go beyond the level needed, but
are not required for success in the AP B course.
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Kinematics







AP Physics Multiple Choice Practice — Kinematics

1.

A car travels 30 miles at an average speed of 60 miles per hour and then 30 miles at an average speed of 30
miles per hour. The average speed the car over the 60 milesis
(A)35m.p.h. (B)40m.p.h. (C)45mp.h. (D)10m.p.h. (E)53 m.p.h.

Questions 2 — 4 relate to two particlesthat start at x = 0 at t = 0 and move in one dimension independently of one
another. Graphs, of the velocity of each particle versus time are shown below

Particle A Particle B
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Which particleis farthest from the origin at t = 2 seconds.
(A)A (B)B (C)they areinthesamelocationatt=2seconds (D) They are the same distance from the
origin, but in oppositedirections  (E) It isnot possible to determine

Which particle moves with constant non-zero acceleration?
(A)A (B)B (C)bothAandB (D) neither AnorB (E) Itisnot possibleto determine

Which particleisinitsinitial position at t = 2 seconds?
(A)A (B)B (C)bothAandB (D) neither AnorB (E) Itisnot possibleto determine

2
Velocity I
(m/s)
0 + + Time (s)

I 2 3 4
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The graph above shows the velocity versus time for an object moving in astraight line. At what time after
t = 0 does the object again pass through itsinitial position?
(A)BetweenOand1ls (B)ls (C)Betweenland2s (D)2s (E)Between2and3s

A body moving in the positive x direction passesthe origin at timet = 0. Betweent = 0 and t = 1 second, the
body has a constant speed of 24 meters per second. Att = 1 second, the body is given a constant acceleration of
6 meters per second squared in the negative x direction. The position x of the body at t = 11 secondsis
(A)+99m (B)+36m (C)-36m (D)-75m (E)—99m

- t
The displacement, X, of an object moving along the x-axis is shown above as a function of time, t. The
acceleration of this object must be
(A) zero  (B) constant but not zero  (C) increasing (D) decreasing  (E) equal to g



8. A 2-kilogram block rests at the edge of a platform that is 10 meters above level ground. The block is launched
horizontally from the edge of the platform with an initial speed of 3 meters per second. Air resistanceis
negligible. Thetime it will take for the block to reach the ground is most nearly
(A)0.3s (B)10s (C)14s (D)20s (E)3.0s

9. A diverinitially moving horizontally with speed v dives off the edge of a vertical cliff and landsin the water a
distance d from the base of the cliff. How far from the base of the cliff would the diver have landed if the diver
initially had been moving horizontally with speed 2v?

(A)d (B)¥2d (C)2d (D)4d (E)can't bedetermined without knowing the height of the cliff
10. A truck traveled 400 meters north in 80 seconds, and then it traveled 300 meters east in 70 seconds. The

magnitude of the average velocity of the truck was most nearly
(A)12m/s (B)33m/s (C)4.6m/s (D)6.6m/s (E)9.3n/s

11. A projectileisfired with initial velocity v, at an angle 6, with the horizontal and follows the trajectory shown
above. Which of the following pairs of graphs best represents the vertical components of the velocity and
acceleration, v and a, respectively, of the projectile as functions of time t?

1' a ()] v a
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12. Anobject isreleased from rest on a planet that has no atmosphere. The object falls freely for 3.0 metersin the
first second. What is the magnitude of the acceleration due to gravity on the planet?
(A)15m/$ (B)3.0m/s (C)6.0m/s (D)10.0m/s (E)12.0 /s’

Questions 13 - 14

A ball isthrown and follows the parabolic path shown above. Air frictionisnegligible. Point Q isthe highest
point on the path. Points P and R are the same height above the ground.

13. How do the speeds of the ball at the three points compare?
(A)ve<Vqo<Vr (B)VrR<vVg<Vp (C)Vvo<Vr<Vp (D)Vo<Vp=Vr (E)Vp=Vr<Vq

14. Which of the following diagrams best shows the direction of the acceleration of the ball at point P?

W @7 9— ©



15. A rock of mass misthrown horizontally off a building from a height h, as shown above. The speed of the rock
asit leaves the thrower’s hand at the edge of the building is vo, How much time does it take the rock to travel
from the edge of the building to the ground?

h hv 2h
(A) /hv, ®) - © — ®5 ® J2hg
0

g

16. A ball isthrown straight up in the air. When the ball reaches its highest point, which of the following is true?
(A) Itisinequilibrium. (B) It has zero acceleration.  (C)It has maximum momentum
(D) It has maximum kinetic energy.  (E) None of the above
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17. The graph above represents position x versustimet for an object being acted on by a constant force. The
average speed during the interval between 1 sand 2 sis most nearly
(A)2m/is (B)4m/s (C)5m/s (D)6m/s (E) 8mis

—> Sm/s

10m

18. Anobject dides off aroof 10 meters above the ground with an initial horizontal speed of 5 meters per second as
shown above. The time between the object's leaving the roof and hitting the ground is most nearly

1 1
W 2s B V2s ©+V2s (D2s (B N2s



Questions 19 — 20

19.

20.

21.

22.

23.

24,

v, Car X

c*‘*

o 10 20 30 . 40 )
Attimet =0, car X traveling with speed v, passes car Y which isjust starting to move. Both carsthen travel on
two parallel lanes of the same straight road. The graphs of speed v versustimet for both cars are shown above.

Which of the following istrue at time t = 20 seconds?
(A) Car Y isbehind car X. (B) Car Y ispassingcar X. (C) Car Y isinfront of car X.
(D) Both cars have the same acceleration.  (E) Car X is accelerating faster than car Y.

Fromtimet = 0 to timet = 40 seconds, the areas under both curves are equal. Therefore, which of the
following istrue at time t = 40 seconds?

(A) Car Y ishehindcar X. (B) Car Y ispassingcar X. (C) Car Y isinfront of car X.

(D) Both cars have the same acceleration.  (E) Car X is accelerating faster than car Y.

Which of the following pairs of graphs shows the distance traveled versus time and the speed versus time for an
object uniformly accelerated from rest?
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An object released from rest at timet = 0 dides down africtionless incline a distance of 1 meter during the first
second. The distance traveled by the object during the time interval fromt =1 second to t = 2 secondsis
A)lm B)2m (C)3m (DO)4m (E)5m

Two people are in aboat that is capable of a maximum speed of 5 kilometers per hour in still water, and wish to
crossariver 1 kilometer wide to a point directly across from their starting point. |f the speed of the water in
theriver is 5 kilometers per hour, how much timeisrequired for the crossing?

(A)0.05hr (B)O.1hr (C)1hr (D)10hr

(E) The point directly across from the starting point cannot be reached under these conditions.

A projectileisfired from the surface of the Earth with a speed of 200 meters per second at an angle of 30°
above the horizontal . If the ground islevel, what is the maximum height reached by the projectile?
(A)5m (B)10m (C)500m (D)21,000m (E)2,000m



25.

26.

27.

28.

Time 1, Time ¢,

Vectors V; and V, shown above have equal magnitudes. The vectors represent the velocities of an object at
timest,, and t,, respectively. The average acceleration of the object between timet; and t, was
(A) zero (B) directed north  (C) directed west (D) directed north of east  (E) directed north of west

A rock is dropped from the top of a 45-meter tower, and at the same time a ball is thrown from the top of the
tower in a horizontal direction. Air resistanceis negligible. The ball and the rock hit the level ground a
distance of 30 meters apart. The horizontal velocity of the ball thrown was most nearly

(A)5m/s (B)10m/s (C)1l41m/s (D)20m/s (E)28.3m/s

In the absence of air friction, an object dropped near the surface of the Earth experiences a constant acceleration
of about 9.8 m/s’. This means that the

(A) speed of the object increases 9.8 m/s during each second

(B) speed of the object asit fallsis 9.8 m/s

(C) object falls 9.8 meters during each second

(D) object falls 9.8 meters during the first second only

(E) rate of change of the displacement with respect to time for the object equals 9.8 m/s’

A 500-kilogram sports car accelerates uniformly from rest, reaching a speed of 30 meters per second in 6
seconds. During the 6 seconds, the car has traveled a distance of
(A)15m (B)30m (C)60m (D)90OmM (E)180m

*29.At aparticular instant, a stationary observer on the ground sees a package falling with speed v, at an angleto

30.

the vertical. To apilot flying horizontally at constant speed relative to the ground, the package appears to be
falling vertically with a speed v, at that instant. What is the speed of the pilot relative to the ground?

A)Vi+Vs (B)Vi—Vo (O)Vo—vi (D) YViP-vo"  (B)yv,*+v,”°

An object is shot vertically upward into the air with a positiveinitial velocity. Which of the following correctly
describes the velocity and acceleration of the object at its maximum elevation?
Velaocity Acceleration
(A) Positive Positive
(B) Zero Zero
(C) Negative Negative
(D) Zero Negative
(E) Positive Negative

*31.A spring-loaded gun can fire aprojectileto aheight hif it is fired straight up. If the same gun is pointed at an

angle of 45° from the vertical, what maximum height can now be reached by the projectile?

h h
A)h4 (B) —= (N2 (D)—= (Eh
(A) ()2\/5 (© ()\/5 B



32. A ball isthrown and follows a parabolic path, as shown above. Air friction is negligible. Point Q is the highest
point on the path. Which of the following best indicates the direction of the acceleration, if any, of the ball at
point Q?

A)——» (B © l D) «——
®) ®) \ ®) (E) Thereis no acceleration of the ball at point Q.

33. Thevelocity of aprojectile at launch has a horizontal component vy, and avertical component v,,. Air resistance
isnegligible. When the projectileis at the highest point of its trajectory, which of the following shows the
vertical and horizontal components of its velocity and the vertical component of its accel eration?

Vertica Horizontal Vertica

Velocity Velocity Acceleration
A) vy Vi 0
B) v, 0 0
© o Vi, 0
G © 0 g
(B) 0 Vi g

-
ol ' !

34. The graph above shows the velocity v as a function of time t for an object moving in astraight line. Which of
the following graphs shows the corresponding displacement x as a function of time t for the same time interval ?

N | [//

D) (E) x

t

4] 9|

35. Anobject is dropped from rest from the top of a400 m cliff on Earth. If air resistance is negligible, what isthe
distance the object travels during the first 6 s of itsfall?
(A)30m (B)60m (C)120m (D)180m (E)360m

10



10m
I B
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36. A target T liesflat on the ground 3 m from the side of a building that is 10 mtall, as shown above. A student
rolls aball off the horizontal roof of the building in the direction of the target. Air resistance isnegligible. The
horizontal speed with which the ball must leave the roof if it isto strike the target is most nearly

-

(A)310m/s (B) V2 mis (C) izm/s (D)3m/s (E) 10\E m/s

37. The graph above shows velocity v versustimet for an object in linear motion. Which of the followingisa
possible graph of position x versustimet for this object?
(A) (B

. € = (D E
(}jA:LI U’—D_I OFSC; GME OFV‘!
*38.A student is testing the kinematic equations for uniformly accelerated motion by measuring the time it takes for

light-weight plastic ballsto fall to the floor from a height of 3 min the lab. The student predicts the time to fall
using g as 9.80 m/s? but finds the measured time to be 35% greater. Which of the following is the most likely
cause of the large percent error?
(A) The acceleration due to gravity is 70% greater than 9.80 m/s” at this location.
(B) The acceleration due to gravity is 70% less than 9.80 m/s” at this location.
(C) Air resistance increases the downward acceleration.
(D) The acceleration of the plastic ballsis not uniform.
(E) The plastic balls are not truly spherical.

¥

Note: Figure not drawn to scale.

*39.An object is thrown with velocity v from the edge of a cliff above level ground. Neglect air resistance. In order
for the object to travel a maximum horizontal distance from the cliff before hitting the ground, the throw should
be at an angle 6 with respect to the horizontal of
(A) greater than 60° above the horizontal  (B) greater than 45° but less than 60° above the horizontal
(C) greater than zero but less than 45° above the horizontal (D) zero
(E) greater than zero but less than 45° below the horizontal
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*40.Starting from rest at time't = 0, a car movesin a straight line with an acceleration given by the accompanying

41.

42

43.

45,

12

graph. What isthe speed of thecar att =3 s?
(A)1O0m/s (B)20m/s (C)6.0m/s (D)105m/s (E)125m/s

A flare is dropped from a plane flying over level ground at avelocity of 70 m/sin the horizontal direction. At

the instant the flare is released, the plane begins to accelerate horizontally at 0.75 m/s?. The flare takes 4.0 s to
reach the ground. Assume air resistance is negligible. Relative to a spot directly under the flare at release, the
flare lands

(A) directly onthe spot.  (B) 6.0 min front of thespot.  (C) 274 min front of the spot.

(D) 280 min front of the spot.  (E) 286 min front of the spot.

As seen by the pilot of the plane (in question #41) and measured relative to a spot directly under the plane when
the flare lands, the flare lands

(A) 286 m behind the plane.  (B) 6.0 m behind the plane.  (C) directly under the plane.

(D) 12 min front of theplane.  (E) 274 min front of the plane

The graph above is aplot of position versus time. For which labeled region is the velocity positive and the
acceleration negative?
(AVJA (B)B (©OC (D)D (BE

A child Ieft her home and started walking at a constant velocity. After atime she stopped for awhile and then
continued on with avelocity greater than she originally had. All of a sudden she turned around and walked very
quickly back home. Which of the following graphs best represents the distance versus time graph for her walk?

(A) t(B) ¢ (O > (D) ) :

In arescue attempt, a hovering helicopter drops alife preserver to a swimmer being swept downstream by a
river current of constant velocity v. The helicopter is at a height of 9.8 m. The swimmer is 6.0 m upstream from
apoint directly under the helicopter when the life preserver isreleased. It lands 2.0 min front of the swimmer.
How fast is the current flowing? Neglect air resistance.

(A)13.7m/s (B)9.8m/s (C)6.3m/s (D)28m/s (E)24m/s



*46.A child tossesaball directly upward. Itstotal timeintheair is T. Its maximum height isH. What isits height
after it has been in the air atime T/4? Neglect air resistance.
(A)H/4 (B)H/3 (C)H/2 (D)2H/3 (E)3H/4

47. A whiffle ball istossed straight up, reaches a highest point, and falls back down. Air resistance is not negligible.

Which of the following statements are true?
I. The ball’s speed is zero at the highest point.
[1. The ball’s acceleration is zero at the highest point.
[11. The ball takes alonger timeto travel up to the highest point than to fall back down.

(A)lonly (B)llonly (C)l&llonly (D)I&Ilonly (E)I I, &I
48. A truck driver travels three-fourths the distance of his run at one velocity (v) and then completes hisrun at one

half hisoriginal velocity (Y2v). What was the trucker’ s average speed for the trip?
(A)0.85v (B)0.8ov (C)0.75v (D)0.70v  (E) 0.65v

R i el e I e e |
E b+ A
L O
S A+ A

0 | | | | |

Time [min)
49. Aboveisagraph of the distance vs. time for car moving along aroad. According the graph, at which of the
following times would the automobile have been accelerating positively?
(A)0,20,38,& 60min. (B)5,12,29,& 35min. (C)5,29,& 57 min. (D) 12, 35, & 41 min.
(E) at al times from 0 to 60 min

50. A large beach ball is dropped from the ceiling of a school gymnasium to the floor about 10 meters below.
Which of the following graphs would best represent its velocity as a function of time? (do not neglect air

resistance)
@) 5 i () " i ()" NG i

Questions 51 — 52
A car gtarts from rest and accelerates as shown in the graph below.
4 — ;

TIME
- N SeCors

51. At what time would the car be moving with the greatest velocity?
(A) Oseconds (B) 2seconds (C) 4seconds (D) 6seconds  (E) 8 seconds

*52.At what time would the car be farthest from its original starting position?
(A) Oseconds (B) 2seconds (C) 4 seconds (D) 6 seconds  (E) 8 seconds



53. A ball isdropped 1.0 m to the floor. If the speed of the ball asit rebounds from the floor is 75% of the speed at
which it struck the floor, how high will the ball rise?

(A)0.28m (B)0.35m (C)0.56m (D)0.75m (E)0.84m

54. Which of the following sets of graphs might be the corresponding graphs of Position, Velocity, and
Acceleration vs. Time for amoving particle?

(A) (B) © (D) (B) g
c e ™ c S =]
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*55.An object is thrown with afixed initial speed v, at various angles « relative to the horizon. At some constant
height h above the launch point the speed v of the object is measured as a function of theinitia angle «. Which

of the following best describes the dependence of v on a? (Assume that the height h is achieved, and assume
that thereis no air resistance.)

(A) v will increase monotonically with o.

(B) v will increase to some critical value v, and then decrease.
(C) v will remain constant, independent of o.

(D) v will decrease to some critical value vy, and then increase.
(E) None of the above.

56. A birdisflyinginastraight lineinitially at 10 m/s. It uniformly increases its speed to 15 m/s while covering a
distance of 25 m. What is the magnitude of the acceleration of the bird?
(A)5.0m/s (B)25m/s (C)20m/s (D)05m/s (E)0.2m/s

57. A person standing on the edge of a fire escape simultaneously launches two apples, one straight up with a speed
of 7 m/s and the other straight down at the same speed. How far apart are the two apples 2 seconds after they
were thrown, assuming that neither has hit the ground?

(A)14m (B)20m (C)28m (D)34m (E)56m

*58.A certain football quarterback can throw afootball a maximum range of 80 meters on level ground. What isthe
highest point reached by the football if thrown this maximum range? Ignore air friction.
(A)IOm (B)20m (C)30m (D)40m (E)50m

59. A bird flyinginastraight line, initialy at 10 m/s, uniformly increases its speed to 18 m/s while covering a
distance of 40 m. What is the magnitude of the acceleration of the bird?
(A)0.1m/is (B)02m/s (C)20m/s (D)2.8miss (E)5.6m/s

*60.A cockroach is crawling along the wallsinside a cubical room that has an edge length of 3 m. If the cockroach
starts from the back lower left hand corner of the cube and finishes at the front upper right hand corner, what is
the magnitude of the displacement of the cockroach?

(A)3v3m (B)3YZm (C)¥3m (D)3m (E)9m

14



61. The position vs. time graph for an object moving in a straight line is shown below. What is the instantaneous
velocity att =2 s?

Time (s)
0 T ]
1 ;\%

(A)-2m/s (B)%m/is (C)Om/s (D)2m/s (E)4mis

Position {m)

62. Shown below isthe velocity vs. time graph for atoy car moving along a straight line. What is the maximum
displacement from start for the toy car?

Time (s)

Velocity (m/s)

(A)3m (B)5m (C)65m (D)7m (E)75m

*63.A cannon fires projectiles on aflat range at afixed speed but with variable angle. The maximum range of the
cannon is L. What is the range of the cannon when it fires at an angle z/6 above the horizontal ? Ignore air
resistance.

ORY B)5L ©=L @)L E)iL

*64.A ball islaunched upward from the ground at an initial vertical speed of v, and begins bouncing vertically.
Every time it rebounds, it loses a proportion of the magnitude of its velocity due to the inelastic nature of the
collision, such that if the speed just before hitting the ground on a bounceisv, then the speed just after the
bounceisrv, wherer < 1 isaconstant. Calculate the total length of time that the ball remains bouncing,
assuming that any time associated with the actual contact of the ball with the ground is negligible.

2vg 1 vg T 2v9 1-r 2vg 1 2vg 1
A BT O O = O i

65. The graph shows velocity as a function of time for a car. What was the acceleration at time t = 90 seconds?

40

30

Velocity (m's)

20

AR

0

0 30 60 90 120 150 180 Time (s)
(A)0.22m/s (B)0.33m/s (C)1.0m/is (D)9.8m/s’ (E)30m/s’

66. Anobject isreleased from rest and falls a distance h during the first second of time. How far will it fall during
the next second of time?

(A)h (B)2h (C)3h (D)4h (E)I



67. A stoneisthrown straight downward with a speed of 20 m/s from the top of atall building. If the stone strikes
the ground 3.0 slater, about how tall isthe building? Assume air resistance is negligible.
(A)45m (B)60m (C)90m (D)105m (E)120m

68. A coyote can run at a speed of 20 m/s while a prairie dog can manage only 5.5 m/s. If aprairiedog is45 min
front of a coyote, what is the maximum time it has to reach its hole without being caught?
(A)23s (B)31ls (C)54s (D)59s (E)82s

69. A model rocket accelerates from rest upwards at 50 m/s” for 2.0 s before its engine burns out. The rocket then
coasts upward. What is the maximum height that the rocket reaches? Y ou may assume air resistance is
negligible.

(A)100m (B)510m (C)610m (D)1020m (E) 1220m

70. A hunter in aforest walks 800 m west. He then turns south and walks 400 m before turning west again and
walking afinal 300 m. At the end of the walk, what is the magnitude of the hunter's displacement from the
beginning?

(A)640m (B)890Om (C)1170m (D)1390m (E) 1500 m

71. Robin Hood aims his longbow horizontally at atarget's bull's eye 30 m away. If the arrow strikes the target
exactly 1.0 m below the bull's eye, how fast did the arrow move as it was shot from the bow? Assume air
resistanceis negligible.

(A)6.0m/s (B)13m/s (C)33m/s (D)67m/s (E) 150 m/s

*72.A baseball isthrown vertically into the air with avelocity v, and reaches a maximum height h. At what height
was the baseball moving with one-half its original velocity? Assume air resistance is negligible.
(A)0.25h (B)0.33h (C)0.50h (D)0.67h (E)0.75h

73. Two identical bowling balls A and B are each dropped from rest from the top of atall tower as shown in the
diagram below. Ball A isdropped 1.0 s before ball B is dropped but both balls fall for some time before ball A
strikes the ground. Air resistance can be considered negligible during the fall. After ball B is dropped but before
ball A strikesthe ground, which of the following is true?

Top

® FalB

® BalaA

7 rs Ground

(A) The distance between the two balls decreases.

(B) The velocity of ball A increases with respect to ball (B)
(C) Thevelocity of ball A decreases with respect to ball (B)
(D) The distance between the two balls remains constant.
(E) The distance between the two ballsincreases.
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74. The diagram below shows four cannons firing shells with different masses at different angles of elevation. The
horizontal component of the shell's velocity isthe samein al four cases. In which case will the shell have the
greatest range if air resistance is neglected?

100 m/s
et
£
w 707 mis o 707 mis =
£ £ - i
(o] [
1 kg g A7.7 mis 1 kg D g 2kg D g 2 ky 500
s 45 ey LG Y 50 mis
20 mis 20 mis

* B0 mis

oY
o
o

%

Cannon A Cannon B Cannon C Cannon D

(A) cannon A (B) cannonB only  (C) cannon Conly (D) cannon D
(E) Both cannons B and C have the greatest range

75. Relief supplies are being dropped to flood victims from an airplane flying horizontally at a speed v. If the
airplaneis at an atitude of h above the ground, what distance d in front of the landing site should the supplies
be dropped?

h 2vh vh 2vh? 2h
Wzt @2 Ozt 0% @v"

*76.An airliner flies at a speed of 500 knmvhr with respect to the air. The jet stream blows from west to east with a
speed of 100 km/hr. What is the minimum time in which the airliner could fly 3000 km due west and then back
toitsorigina starting position?

(A)100hr (B)120hr (C)125hr (D)135hr (E)15.0hr

77. A punter in afootball game kicks the ball with aninitial speed of 28.3 m/s at an angle of 60° with respect to the
ground. The ball isin the air for atotal of 5.00 s before hitting the ground. If we assume that air resistance is
negligible, what would be the ball's horizontal displacement?

(A)Om (B)142m (C)245m (D)708m (E)1225m

78. Starting from rest, object 1 falls freely for 4.0 seconds, and object 2 falls freely for 8.0 seconds. Compared to
object 1, object 2 falls:
(A) half asfar (B) twiceasfar (C)threetimesasfar (D) fourtimesasfar (E) sixteentimesasfar

79. A car starts from rest and uniformly accelerates to a final speed of 20.0 m/sin atime of 15.0 s. How far does the
car travel during thistime?
(A)150m (B)300m (C)450m (D)600m (E)800m

80. A ball isthrown off a high cliff with no horizontal velocity. It lands 6.0 s later with a velocity of 40 m/s. What
was theinitial velocity of the ball?
(A)100m/sup (B)20m/sup (C)0 (D) 20 m/sdown (E) 100 m/s down

81. Anarrow isamed horizontally, directly at the center of atarget 20 m away. The arrow hits 0.050 m below the
center of the target. Neglecting air resistance, what was the initial speed of the arrow?
(A)20m/s (B)40m/s (C)100m/s (D)200m/s (E)400m/s

82. A freely falling body is found to be moving downwards at 27 m/s at one instant. If it continuesto fall, one
second later the object would be moving with a downward velocity closest to:
(A)270m/s (B)37m/s (C)27m/s (D)17m/s (E)10m/s

83. A rocket near the surface of the earth is accelerating vertically upward at 10 nV/s?. The rocket releases an
instrument package. Immediately after release the accel eration of the instrument packageis:
(A)20m/s"up (B)10m/SSup (C)0 (D) 10 m/s* down (E) 20 m/s” down



84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

A car starts from rest and accelerates at 0.80 m/s” for 10 s. It then continues at constant velocity. Twenty
seconds (20 s) after it began to move, the car hasa

(A) velocity of 8.0 m/s and has traveled 40 m.

(B) velocity of 8.0 m/s and has traveled 80 m.

(C) velocity of 8.0 m/sand has traveled 120 m.

(D) velocity of 16 m/s and has traveled 160 m.

(E) velocity of 16 m/s and has traveled 320 m.

When afalling object reaches terminal velocity, it

(A) isno longer subject to the friction of air  (B) moves downward with constant velocity.
(C) has an acceleration of approximately 10 m/s”> (D) has no downward velocity.

(E) has an upward acceleration

A ball which isdropped from the top of a building strikes the ground with a speed of 30 m/s. Assume air
resistance can be ignored. The height of the building is approximately:
(A)15m (B)30m (C)45m (D)75m (E)90m

At acertain time, an object in free fall has velocity 4.0 m/sin the upward direction. What is the approximeate
velocity of the object one second later?
(A)14m/sup (B)10m/sup (C)4.0m/sup (D) 6.0m/sdown (E) 10 m/sdown

A motorist travels 400 km at 80 km/h and 400 km at 100 km/h. What is the average speed of the motorist on
thistrip?
(A) 84km/h  (B)89km/h (C)90km/h (D) 91km/h  (E) 95 km/h

How long must a 2.5 m/s” acceleration act to change the velocity of a 2.0-kg object by 3.0 m/s?
(A)0.83s (B)l1l2s (C)17s (D)25s (E)75s

A freely falling object is found to be moving downward at 18 nv/s. If it continuesto fall, two seconds later the
object would be moving with a speed of
(A)80m/s (B)10m/s (C)18m/s (D)38m/s (E)180m/s

The change of distance per unit time without reference to a particular direction is called
(A) inertia (B) speed (C) velocity (D) acceleration  (E) position

Which of the following termsis NOT related conceptually to the others?
(A) vector  (B) resultant  (C) component (D) exponent  (E) equilibrant

In the absence of air resistance, if an object were to fall freely near the surface of the Moon,
(A) its velocity could never exceed 10 ns.

(B) its acceleration would gradually decrease until the object moves with aterminal velocity.
(C) the acceleration is constant.

(D) it will fall with a constant speed.

(E) the acceleration is zero

Welocity

[=)

Q Time

94. Given the graph of the velocity vs. time of a duck flying due south for the winter. At what point did the duck
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stop its forward motion?
(A)A (B)B (C)C (D)D (E) none of these points



Questions 95 — 96

The following TWO questions refer to the following information. Anideal elastic rubber ball is dropped from a

height of about 2 meters, hits the floor and rebounds to its original height.

95. Which of the following graphs would best represent the distance above the floor versus time for the above

bouncing ball?
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96. Which of the following graphs would best represent accel eration versus time for the bouncing ball?
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Questions 97 through 100 refer to the following scenario:

At to, two cars moving along a highway are side-by-side as they pass a third car stopped on the side of the road.
At this moment the driver of the first car steps on the brakes while the driver of the stopped car beginsto

accelerate. The diagrams below show the positions of each car for the next 5 seconds.

moving _ tp Ly ta 3 14 t5

car #1 @ T \L T \L T \L \L + 1
om 10m 20m 30m 40m 50m

moving to tq ta t3 tq tg

car 2 625 ! | | L !
om 10m 20m 30m 40m 50m

stopped to 14 to t3 tq tg

car #3 T \L T ¢ T T \L T +
om 10m 20m 30m 40m 50m

97. During which time interval would cars #2 and #3 be moving at the same average speed?
(A)totot; (B)tytot, (C)t,tot; (D)tstot, (E)tstots

98. About what position after to would car #1 and car #2 have been side by side?
(A)Om @B)15m (C)26m (D)37m (E)39m

99. Which of the three cars had the greatest average speed during these 5 seconds?
(A) car #1 (B) car #2 and car #3 had the same average speed  (C) car #2
(D) all three cars had the same average speed  (E) car #3

100.1f car #3 continues to constantly accelerate at the same rate what will be its position at the end of 6 seconds?

(A)22m (B)68m (C)72m (D)78m (E)9%m



Questions 101 — 102

Distance (m)
[ ]

0¥
0 1 2 3 4 5 & T L
Time (s}
101.The graph represents the relationship between distance and time for an object that is moving along a straight
line. What is the instantaneous speed of the abject at t = 5.0 seconds?
(A)O.Om/s (B)08m/s (C)25m/s (D)40m/s (E)6.8n/s

102.Between what times did the object have a non-zero acceleration?
(A)Osonly (B)Osto8s (C)0Osto5s (D) theobject wasnot acceleratingat anytime (E)5sto8s

*103.An airplane takes off and flies 300 miles at an angle of 30° north of east. It then changes direction and flies 600
miles due west before landing. In what direction is the plane’ s landing point from its starting point?
(A) 14.2° north of west  (B) 66.2° north of west  (C) 23.8° north of west (D) 75.9° north of west
(E) 37.4° north of west

104.1f aball isthrown directly upwards with twice the initial speed of another, how much higher will it be at its
apex?

(A) 8times (B)2times (C)4times (D)2times (E)2v2 times

Questions 105 — 107

The diagram below represents atoy car starting from rest and uniformly accelerating across the floor. The time
and distance traveled from the start are shown in the diagram.

Start 6cm 2dcm S4cm 96cm
0s .1s 25 Js ds

105.What was the average speed of the cart between 0.1 seconds and 0.3 seconds?
(A)o.6m/s (B)48m/s (C)19m/s (D)60m/s (E)2.4m/s

106.What was the acceleration of the cart during the first 0.4 seconds?
(A)6.0m/ss (B)25m/ss (C)9.8m/s (D)50m/s’ (E) 12m/s’

107.What was the instantaneous velocity of the cart at 96 centimeters from the start?
(A)0.6m/s (B)48m/s (C)19m/s (D)60m/s (E)2.4m/s
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Questions 108 — 109
The motion of acircus clown on a unicycle moving in a straight line is shown in the graph below
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Time (s)
108.What would be the acceleration of the clown at 5 s?
(A)1.6m/S (B)8Om/S (C)2.0m/s (D) noneof theabove (E)3.4m/s?

109.After 12 seconds, how far is the clown from her original starting point?
(A)Om (B)IOm (C)34m (D)47m (E)74m

110.A box fallsto the ground from a delivery truck traveling at 30 m/s. After hitting the road, it dides 45 metersto
rest. How long doesiit take the box to come to rest?
(A)0.67s (B)15s (C)20s (D)3.0s (E)6.0s

111.When an object falls freely in a vacuum near the surface of the earth
(A) the velocity cannot exceed 10 m/s
(B) the terminal velocity will be greater than when dropped in air
(C) the velocity will increase but the acceleration will be zero
(D) the acceleration will constantly increase
(E) the acceleration will remain constant

112.Two arrows are launched at the same time with the same speed. Arrow A at an angle greater than 45 degrees,
and arrow B at an angle less than 45 degrees. Both land at the same spot on the ground. Which arrow arrives
first?
(A) arrow A arrivesfirst  (B) arrow B arrivesfirst  (C) they both arrive together
(D) it depends on the elevation where the arrows are launched
(E) it depends on the elevation where the arrows land

113.A ball isthrown into the air at an angle 8 as measured from the horizontal with a velocity v. The horizontal
velocity of the ball will be directly proportional to which of the following
(A)theangled (B)thesineof theangled (C)thecosine of theangled (D) thetangent of the angle 6
(E) the value of the gravitational acceleration
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Questions 114 - 116
The accompanying graph describes the motion of a marble on atable top for 10 seconds.

Position in meters

I |

114.For which timeinterval (s) did the marble have a negative velocity?
(A) fromt=8.0stot=10.0sonly (B)fromt=6.9stot=10.0sonly
(C)fromt=4.8stot=100sonly (D)fromt=4.8stot=6.2sandfromt=6.9stot=10.0sonly
(E) fromt=3.2stot=3.6s fromt=4.8stot=5s,andfromt=6.8stot=7.2sonly

115.For which time interval(s) did the marble have a positive acceleration?
(A)fromt=0.0stot=80sonly (B)fromt=0.0stot=3.6only
(C)fromt=38stot=4.8sandt=6.2stot=6.8sonly
(D) fromt=20stot=25s,fromt=58stot=6.2s, andfromt=8.4stot=8.8sonly
(B) fromt=33stot=3.7s,fromt=4.8stot=5.0s, andfromt =6.8stot =7.2sonly

116.What is the marbles average acceleration betweent=3.1sandt=3.8s
(A)—2.0m/s" (B)20m/$ (C)0.0m/s" (D)3.0m/s (E)0.8m/s

117.A car accelerates uniformly from rest for atime of 2.00 sthrough a distance of 4.00 m. What was the
acceleration of the car?
(A)0.50m/s* (B)0.71m/s® (C)1.00m/s> (D)1.41m/s* (E)2.00 m/s?

Questions 118 — 120
The accompanying graph describes the motion of atoy car across the floor for 10 seconds.

2

Yelocity in meters/second

118.What is the acceleration of thetoy car at t =4 s?
(A)-1m$¥ B)OmS (C)1ms (D)2ms (E)4m/s

119.What was the total displacement of the toy car for the entire 10 second interval shown?
(A) Ometers (B) 6.5 meters (C) 9meters (D) 10 meters  (E) 11.5 meters
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120.An object is thrown upwards with a velocity of 30 m/s near the surface of the earth. After two seconds what
would be the direction of the displacement, velocity and acceleration?
Displacement  velocity acceleration

(A) up up up
(B) up up down
(©) up down down
(D) up down up
(E) down down down

121.Which of the following graphs could correctly represent the motion of an object moving with a constant speed
inastraight line? _
Graph | Graph Il Graph Il Graph IV Graph V

distance
speed
acceleration
speed
acceleration

time time time time time

(A) Graphl only (B) Graphsll andV only (C) Graphll only (D) Graphs! and IV only
(E) All of the above graphs represent constant velocity

Questions 122 — 123
The diagram shows a uniformly accelerating ball. The position of the ball each second is indicated.

time 25 1s 2s 3s 4s Ss
position | lem dcm 9cm 16cm £5cm
Ocm

122.What is the average speed of the ball between 3 and 4 seconds?
(A)30cm/s (B)7.0cm/s (C)35cm/s (D)125cm/s (E) 4.0cmi/s

123.Which of the following is closest to the acceleration of the ball?
(A)1cm/ss (B)4cm/ss (C) 2cm/s’ (D) 5ecmis®  (E) 3cm/s’

v
2v
v
« &« @
im 2Zm Im
I 1 m

124.Three stones of different mass (1 m, 2m & 3m) are thrown vertically upward with different velocities (I v, 2v &
3v respectively). The diagram indicates the mass and vel ocity of each stone. Rank from high to low the
maximum height of each stone. Assume air resistance is negligible.
AL @), e © 1 (D) 1,1 (E) al reach the same height

bounce 1 2 3
125. A rubber ball bounces on the ground as shown. After each bounce, the ball reaches one-half the height of the

bounce before it. If the time the ball wasin the air between the first and second bounce was 1 second. What
would be the time between the second and third bounce?

(A)050sec (B)0.71sec (C)1.0sec (D)1l4sec (E) 2.0 sec
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126.The driver of a car makes an emergency stop by slamming on the car's brakes and skidding to a stop. How far
would the car have skidded if it had been traveling twice as fast?
(A) 4timesasfar (B) thesamedistance (C) 2timesasfar (D) 2 timesasfar
(E) the mass of the car must be known

127.A pebbleis dropped from a high vertical cliff. The collision of the pebble with the ground below is seen 1.50
seconds after the pebble is dropped. With what speed did the pebble hit the ground? Ignore air resistance.
(A)10m/s (B)15m/s (C)486m/s (D) 100.4m/s (E)343m/s

128.A snail ismoving along a straight line. Itsinitial position is X, = —5 meters and it is moving away from the
origin and slowing down. In this coordinate system, the signs of theinitial position, initial velocity and
acceleration, respectively, are

Choice X, vV, @

A) - o+ o+
® - - +
© - - -
@ - o+ -

(E) + + o+

129.An arrow is shot horizontally toward atarget 20 m away. In traveling the first 5 m horizontally, the arrow falls
0.2 m. Intraveling the next 5 m horizontally, it will fall an additional
(A) 06m (B)04m (C)03m (D)0.2m (E)0.1m

130.How tall isatreeif the sunis at a 53° angle above the horizon and the shadow is 8.0 meterslong?
(A)48m (B)106m (C)6.0m (D)133m (E)80m

131.Three students were arguing about the height of a parking garage. One student suggested that to determine the
height of the garage, they simply had to drop tennis balls from the top and time the fall of the tennisballs. If the
time for the ball to fall was 1.4 seconds, approximately how tall is the parking garage?
(A)49m (B)70m (C)98m (D)138m (E)19.6m

132.An arrow is shot from a bow at an angle of 40° from the horizontal at a speed of 24.0 m/s. Ignoring air

resistance, what is the arrow’ s maximum height above its launch point?
(A)59m (B)119m (C)169m (D)23.8m (E)28.8m

v

10

Velocity (m/s)

=10

Time (s)
133.A car hasthe velocity versus time curve shown above. Which of the following statements regarding its motion
isSINCORRECT?
(A) Thecarismoving fastest at 2.0s (B) Thecar isat rest at approximately 5.2 s.
(C) Thecarisspeedingup fromt=0tot=2.0s (D) Thecar has negative accelerationatt = 4.5 s.
(E) The car has no acceleration at theinstantt =2 s.
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134.A rock is dropped from the top of atall tower. Half a second later another rock, twice as massive asthefirst, is
dropped. Ignoring air resistance,
(A) the distance between the rocks increases while both are falling.
(B) the acceleration is greater for the more massive rock.
(C) the speed of both rocks is constant while they fall.
(D) they strike the ground more than half a second apart.
(E) they strike the ground with the same kinetic energy.

135.A cartisinitially moving at 0.5 m/salong atrack. The cart comesto rest after traveling 1 m. The experiment is
repeated on the same track, but now the cart isinitially moving at 1 m/s. How far does the cart travel before
coming to rest?

A)Im B)2m (C)3m (D)4m (E) 8m

*136.During an interval of time, atennis ball is moved so that the angle between the velocity and the acceleration of
the ball is kept at a constant 120°. Which statement is true about the tennis ball during thisinterval of time?
(A) Its speed increases and it is changing its direction of travel.
(B) Its speed decreases and it is changing its direction of travel.
(C) Its speed remains constant, but it is changing its direction of travel.
(D) Its speed remains constant and it is not changing its direction of travel.
(E) Its speed decreases and it is not changing its direction of travel.

137.A dog starts from rest and runsin a straight line with a constant acceleration of 2.5 m/s>. How much time does it
take for the dog to run a distance of 10.0 m?
(A)80s (B)4.0s (C)28s (D)20s (E)14s

Questions 138 — 139
A particle continuously movesin acircular path at constant speed in a counterclockwise direction. Consider a
time interval during which the particle moves along this circular path from point P to point Q. Point Q is exactly
half-way around the circle from Point P.

138.What is the direction of the average velocity during thistime interval?
(A)—» @B)« (©)1 (D)| (E) Theaveragevelocity iszero.

*139.What is the direction of the average acceleration during thistime interval ?
(A)—» (B)« (C)t (D)| (E)Theaverageaccelerationis zero.
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Questions 140 — 141
The velocity vs. time graph for the motion of acar on a straight track is shown in the diagram. The thick line
represents the velocity. Assume that the car starts at the origin x = 0.

10

5

Velocity (m/s)
=

Tone (5)

140.At which timeis the car the greatest distance from the origin?
(A)t=10s (B)t=6s (C)t=5s (D)t=3s (E)t=0s

141.What is the average speed of the car for the 10 second interval ?
(A)1L20m/s (B)1l40m/s (C)3.30m/s (D)500m/s (E)5.40m/s

142.Consider the motion of an object given by the position vs. time graph shown. For what time(s) is the speed of
the object greatest?

10
E
s 0
é :
el
001 2 3 4 5 6 7 & 9 10

Time (s)
(B) Attimet=3.0s
(E) Attimet=85s

(A) Atal timesfromt=00s—»t=20s
(D) Atal timesfromt=50s—t=7.0s

(C) Attimet=4.0s

143.The free fall trgjectory of an object thrown horizontally from the top of a building is shown as the dashed line in
the figure. Which sets of arrows best correspond to the directions of the velocity and of the acceleration for the
object at the point labeled P on the trgjectory?

velocity acceleration
@) ™ 1
B ™ (®) - !
P N (© —> .
b D) ! K
L ® N\ N\

144.A toy car moves 3.0 mto the North in one second. The car then moves at 9.0 m/s due South for two seconds.

What is the average speed of the car for this three second trip?
(D) 7.0m/s

(A)40m/s  (B)5.0m/s
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145.A projectile launched from the ground landed a horizontal distance of 120.0 m from its launch point. The
projectile wasin the air for atime of 4.00 seconds. If the projectile landed at the same vertical position from
which it was launched, what was the launch speed of the projectile? Ignore air resistance.

(A)224m/s (B)30.0m/s (C)36.1m/s (D)424m/s (E)50.0m/s

146.Two automobiles are 150 kilometers apart and traveling toward each other. One automobile is moving at 60
km/h and the other is moving at 40 km/h. In how many hours will they meet?
(A)15 (B)175 (C)20 (D)25 (E)30
147.A particle moves on the x-axis. When the particle’s acceleration is positive and increasing
(A) its velocity must be positive  (B) its velocity must be negative  (C) it must be lowing down
(D) it must be speedingup  (E) none of the above must be true.

148.What does one obtain by dividing the distance of 12 Mm by the time of 4 Ts?
(A)3nm/s (B)3um/s (C)3mm/s (D)3km/s (E)3Gm/s

149.1sit possible for an object’ s velocity to increase while its accel eration decreases?
(A) No, thisisimpossible because of the way in which acceleration is defined
(B) No, because if acceleration is decreasing the object will be slowing down
(C) No, because velocity and acceleration must always be in the same direction
(D) Yes, an example would be afalling object near the surface of the moon
(E) Yes, an example would be afalling object in the presence of air resistance

Questions 150 — 151
During arecent winter storm, bales of hay had to be dropped from an airplane to a herd of cattle below. Assume
the airplane flew horizontally at an altitude of 180 m with a constant velocity of 50 m/s and dropped one bale of
hay every two seconds. It is reasonable to assume that air resistance will be negligible for this situation.

150.Asthe bales are falling through the air, what will happen to their distance of separation?
(A) the distance of separation will increase
(B) the distance of separation will decrease
(C) the distance of separation will remain constant
(D) the distance of separation will depend on the mass of the bales
(E) none of the above are always true

151.About how far apart from each other will the bales land on the ground?
(A)9000m (B)300m (C)180m (D)100m (E)50m

*152.1f aboat can travel with a speed of v in still water, which of the following trips will take the least amount of
time.
(A) traveling a distance of 2d in still water
(B) traveling a distance of 2d across (perpendicular to) the current in a stream
(C) traveling a distance d downstream and returning a distance d upstream
(D) traveling a distance d upstream and returning a distance d downstream
(E) al of the above will take equal times

*153.Suppose two cars are racing on a circular track one kilometer in circumference. The first car can circle the
track in 15 seconds at top speed while the second car can circle the track in 12 seconds at top speed. How much
lead does the first car need starting the last lap of the race not to lose?

(A)atleast250m (B)atleast83m (C)atleast200m (D) atleast67m (E) at least 104 m
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AP Physics Free Response Practice — Kinematics

1982B1. Thefirst meters of a 100-meter dash are covered in 2 seconds by a sprinter who starts from rest and

oo oo

accelerates with a constant accel eration. The remaining 90 meters are run with the same velocity the sprinter
had after 2 seconds.

Determine the sprinter's constant acceleration during the first 2 seconds.

Determine the sprinters velocity after 2 seconds have elapsed.

Determine the total time needed to run the full 100 meters.

On the axes provided below, draw the displacement vs time curve for the sprinter.

100

0]
(]

o2}
(o]

Displacement ( meters )
>
o

(]
o

0 2 4 6 . 8 10 12
Time (seconds)

2006B2. A world-class runner can complete a 100 m dash in about 10 s. Past studies have shown that runnersin

@

(b)

(©

such arace accelerate uniformly for atimet and then run at constant speed for the remainder of therace. A
world-class runner is visiting your physics class. Y ou are to develop a procedure that will allow you to
determine the uniform acceleration a and an approximate value of t for the runner in a 100 m dash. By necessity
your experiment will be done on a straight track and include your whole class of eleven students.

By checking the line next to each appropriate item in the list below, select the equipment, other than the runner
and the track, that your class will need to do the experiment.

Stopwatches Tape measures Rulers Masking tape

Metersticks Starter's pistol String Chalk
Outline the procedure that you would use to determine a and t, including alabeled diagram of the experimental
setup. Use symbolsto identify carefully what measurements you would make and include in your procedure

how you would use each piece of the equipment you checked in part (a).

Outline the process of data anaysis, including how you will identify the portion of the race that has uniform
acceleration, and how you would calculate the uniform acceleration.
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shown in the graph above. At timet = 0, the elevator is at displacement x = 0 with velocity v = 0. Assume that

the positive directions for displacement, velocity, and acceleration are upward.
Determine the velocity v of the elevator at the end of each 5-second interval.
i. Indicate your results by completing the following table.
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ii. Plot the velocity as a function of time on the following graph.

Determine the displacement x of the elevator above the starting point at the end of each 5-second interval.

i. Indicate your results by completing the following table.

Time Interva (s) 0-5

x (m)

5-10

10-15

1520

ii. Plot the displacement as a function of time on the following graph.
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Sin 37° =0.60 Plane of

Cos 37° =0.80 Fence E
Tan 37° = 0.75 | ence
20 m/s
2.5m
37° :
5 32m ~|

Note: Diagram not drawn to scale.
1994B1 (modified) A ball of mass 0.5 kilogram, initially at rest, iskicked directly toward a fence from a point 32
meters away, as shown above. The velocity of the ball asit leaves the kicker's foot is 20 meters per second at
an angle of 37° above the horizontal. Thetop of the fence is 2.5 meters high. The ball hits nothing whilein
flight and air resistanceis negligible.
a. Determinethe time it takes for the ball to reach the plane of the fence.
b.  Will the ball hit the fence? If so, how far below the top of the fence will it hit? If not, how far above the top of
the fence will it pass?
c. Onthe axes below, sketch the horizontal and vertical components of the velocity of the ball as functions of time
until the ball reaches the plane of the fence.
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