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Chapter 2--Motion in One Dimension

Sudent:

The position of a particle moving along the x axis is given by x = (21 + 22t - 6.Ot2)m, wheretisins.
What is the average velocity during thetimeinterval t =1.0stot = 3.0 s?

A.-6.0m/s
B. -4.0m/s
C.-2.0m/s
D.-8.0m/s
E. 8.0m/s

A bullet isfired through aboard, 14.0 cm thick, with its line of motion perpendicular to the face of the
board. If it enters with a speed of 450 m/s and emerges with a speed of 220 m/s, what is the bullet's
acceleration as it passes through the board?

. -500 km/
. -550 km/
. -360 km/
. -520 km/
. =275 km/

moOw>

The position of a particle moving along the x axisis given by x = 6.0t2 - 1.0t3, where xisin metersand t
|Cl n secpndos. What Is the position of the particle when 1t achieves its maximum speed in the positive x
irection?

A.24m
B.12m
C.32m
D.16m
E.20m

The velocity of a particle moving along the x axisis givenfort > 0 bK'V =(32.0t - _2.00t3) m/s, where t
isins. What is the acceleration of the particle when (after t = 0) it achiees its maximum displacement in
the positive x direction?

.-64.0 m/s2
. 2ero

- 128 m/s?

. 32.0m/s?

S 32.0mis

The position of a particle as it moves along the x axisisgiven for t > 0 by x = (t3 -3+ 6t) m, wheretis
in s. Where is the particle when it achieves its minimum speed (after t = 0)?

A.3m
B.4m

C.8m
D.2m
E.7m

moOwox>



6. The position of aParticIe as it moves along the x axisis given by x = 1562 m, wheretisins. What is
the acceleration of the particleat t =1 s?

A.22m/s
B. 60 m/s
C.81m/s
D. 15m/s
E. 35 m/s

7. V_isthevelocity of aparticle moving along the x axisasshown. If x=2.0matt=1.0 s, what isthe
pdsition of the particle at t = 6.0 S?

Vo [/ 5%

.-20m
.+20m
.+10m
.-1.0m
6.0m

moOw>

8. A particle moving along the x axis has a position given by x = (24t — 2.0t%) m, wheret ismeasured in s.
What is the magnitude of the acceleration of the particle at the instant when its velocity is zero?

A. 24 m/s?
B. zero
C.12m/
D. 48 m/
E. 36 m/



10.

Att=0, aparticleislocated at x = 25 m and has avelocity of 15 m/sin the positive x direction. The
accel e5ra$| 051 of the particle varies with time as shown in the diagram. What is the velocity of the particle
at=50s"

iy l]'l'l..-':'-lf'
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0.0

.+15m/s
.-15m/s
+30 m/s

0
-1.2m/s

> mMoow>

tt=0, aparticleislocated at x = 25 m and has a velocity of 15 m/sin the positive x direction. The:
e5raé| og of the particle varies with time as shown in the diagram. What is the position of the particle
0s?
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11.

12.

13.

14.

15.

16.

A (g)article_ confined to motion along the x axis moves with constant acceleration fromx=2.0 mtox =
8.0 mduring a2.5-stime interval. The velocity of the particle at x = 8.0 mis 2.8 m/s. What isthe
acceleration during this time interval ?

(g)rotogzmogw%\?l ong the x axis has an initial velocity of 4.0° 10% s and a constant acceleration of
’ m/s®. What Is the velocity of the proton after it has traveled a distance of 80 cm?

5.1° 102 m/s
6.3710° m/s
4.8 100 m/s
39 10° m/s
297 10° m/s

particle moving with a constant acceleration has a velocity of 20 cm/s when its position isx = 10 cm.
Its position 7.0 slater is x =-30 cm. What is the acceleration of the particle?

.-7.3¢cm/
. -8.9cm/
.-11 cm/
.-15cm/
.-13 cm/

N> mMoOoOm>

n automobile moving along a straight track changes its velocity from 40 m/s to 80 m/s in a distance of
00 m. What is the (constant) acceleration of the vehicle during this time?

6m/s

0
8.0m/s
9
12 m/s

moOw>

In 2.0 s, a particle moving with constant acceleration along the x axis goes from x=10mto x =50 m.
The velocity at the end of thistime interval is 10 m/s. What is the acceleration of the particle?

.+15m/
. +20 m/
.-20m/
.-10 m/

-15m/

moOo>

An automobile manufacturer claims that its product will, starti ng from rest, travel 0.40 kmin 9.0 s. What
is the magnitude of the constant acceleration required to do this:



17.

18.

19.

20.

21.

22.

An automobile traveling along a straight road increases its speed from 30.0 m/s to 50.0 m/sin a distance
of 180 m. If the acceleration is constant, how much time elapses while the auto moves this distance?

A.6.00s
B.450s
C.3.60s
D.4.00s
E. 9.00s

An object moving on the x axis with a constant accel eration increases its x coordinate by 80 min atime
of 5.0 sand has avelocity of +20 m/s at the end of this time. Determine the acceleration of the object
during this motion.

1.6 m/s?
B. +6.4m/
C. +1.6m/
-2.0m/
6.4m/

>

An electron, starting from rest and moving with a constant acceleration, travels 2.0 cm in 5.0 ms. What
the magnitude of this acceleration?

A. 2.5 km/s?
A

particle starts from rest at x. = 0 and moves fay 10 s with an acceleration of +2.0 cm/s2. For the next
0's, the acceleration of the particleis-1.0 cm/s”. What is the position of the particle at the end of this

+2.0m
-3.0m

rocket, initially at rest, is fired vertically with an upward acceleration of 10 m/s”. At an dltitude of
50 km, the engine of the rocket cuts off. What is the maximum altitude it achieves?

S
E.
motion?
A
E.
A
A

B

B. +3.0m
km

B

D
E
C
D
2
C.-10m
D
0
C
D

. ZEro

1.
1.
1.
1.
2.

FRoowwo
A aayay
3333

E.

A ball isthrown vertically upward with an initial speed of 20 m/s. Two seconds later, a stone is thrown
vertically (from the same initial height as the ball) with an initial speed of 24 m/s. At what height above
the release point will the ball and stone pass each other?

A.17m
B.21m
C.18m
D.27m
E.31m
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An object isthrown vertically and has an \;\J}Jwa_rd velocity of 18 m/s when it reaches one fourth of its
maximum height above its launch point. What istheinitial (launch) speed of the object?

A.35m/s
B. 25m/s
C. 30 m/s
D. 21 m/s
E. 17 m/s

A stone is thrown from the top of a building with aninitial velocity of 20 m/s downward. The top of the
building is 60 m above the ground. How much time el apses between the instant of release and the instant
of impact with the ground?

A.20s
B.6.1s
C.35s
D.16s
E.10s

An object is thrown downward with an initial (t = 0) speed of 10 m/s from a height of 60 m above the
ground. At the sameinstant (t = 0), a second object is propelled vertically upward from ground level
with a speed of 40 m/s. At what height above the ground will the two objects pass each other?

A.53m
B.41m
C.57/m
D.46m
E.37m

A toy rocket, launched from the ground, rises vertically with an acceleration of 20 m/s? for 6.0 suntil its
moht_or sté)ps. Disregarding any air resistance, what maximum height above the ground will the rocket
achieve”

A rock is thrown downward from an unknown height above the ground with an initial speed of 10 my/s. It
strikes the ground 3.0 s later. Determine the initial height of the rock above the ground.

A.44m
B. 14 m
C.74m
D.30m
E.60m

A ball thrown vertically from ground level is caught 3.0 s later by a person on abalcony whichis 14 m
above the ground. Determine the initial speed of the ball.
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An object isthrown vertically upward such that it has a speed of 25 m/s when it reaches two thirds of its
maximum height above the launch point. Determine this maximum height.

A.64m
B. 48 m
C.32m
D. 9% m
E.75m

The velocity at the midway point of aball able to reach a height y when thrown with velocity v, at the
originis:

vf+EgJJ

E. gy

When Jim and Rob ride bicycles, Jim can only accelerate at three quarters the acceleration of Rob. Both
start from rest at the bottom of along strai S;ht road with constant upward slope. If Rob takes 5.0 minutes
to reach the top, how much earlier should Jim start to reach the top at the same time as Rob?

A.25s
B.40s
C.46s
D.55s
E.75s

When starting from rest at the bottom of a strai ght road with constant upward slope, Joan bicycles to the
top 50.0 s ahead of Sally, whose travel timeis 5.00 minutes. What is the ratio of Joan's acceleration to
Sally's acceleration?

A. 0.694
B. 0.833
C. 1.20

D. 144
E. 6.0
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To help Kim practice for the Special Olympics, Sally runs beside him for half the required distance. She
runs the remaining distance at her regular speed and arrives 90 seconds ahead of Kim. What istheratio
of Sally's regular speed to Kim's speed? Uset,. for Kim'stotal time.

A. .

The position of a particle moving along the y-axis has a position given b%/_ o _
- T . Isthere any timeinterval during which the particle is not moving?
2
y=020m+ [E.D?]I— [ID—E]I

H]

A.Yes, from0.60sto 1.00 s.

B. Yes, from 0.795 sto 0.805 s.

C. Yes, at thetimet=0.80s.

D. No, the velocity is never zero.

E. No, an instant is not the same as atime interval.
A
Sp

particle moving along the x-axis has a position given by x = 54t - 2.0t3m. Atthetimet = 3.0 s, the
eed of the particle is zero. Which statement is correct?

A. The particleremains at rest after t = 3.0 s.

B. The particle no longer accelerates after t = 3.0 s.

C. The particle can befound at positionsx <0 monly whent<0s.
D. All of the above are correct.

E. None of the above s correct.

Two identical balls are at rest side by side at the bottom of a hill. Some time after ball A is kicked up the
hill, ball B isgiven akick up the hill. Ball A is headed downhill when it passes ball B headed up the hill.
At the instant when ball A passes ball B,

A. it has the same position and velocity as ball B.

B. it has the same position and acceleration as ball B.

C. it has the same velocity and acceleration as ball B.

D. it has the same displacement and velocity as ball B.

E. it has the same position, displacement and velocity as ball B.



37. The position of an object at equal time intervalsis shown below:

Which graph below correctly represents position versus time for this object?

A. |=im)

ts)
B. X |:m:|

™~

C. xm

W

L =)
E. = (m) /
|L Fis)

38. Two identical balls are at rest and side by side at the top of a hill. You let one ball, A, start rolling down

the hill. A little later you start the second ball, B, down the hill by giving it a shove. The second ball rolls
gglvlv’r&'_[he hill along aline parallel to the path of the first ball and passesit. At theinstant ball B passes

t(=)

t(=)

A. it has the same position and the same velocity as A.

B. it has the same position and the same acceleration as A.
C. it has the same velocity and the same acceleration as A.
D. it has the same displacement and the same velocity as A.
E. it has the same position, displacement and velocity asA.
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The graph below shows the velocity versus time graph for aball. Which explanation best fits the motion

of the ball as shown by the graph?

W

‘F f

A. Theball isfaling, is caught, and is thrown down with greater velocity.
B. The ball isrolling, stops, and then continues rolling.

C. Theball isrising, hits the ceiling, and falls down.

D. The ball isfalling, hits the floor, and bounces up.

E. Theball isrising, is caught, and then is thrown down.

A boy on a skate board skates off a horizontal bench at a velocity of 10 m/s. One tenth of a second after
he |eaves the bench, to two significant figures, the magnitudes of his velocity and acceleration are:

.1

Five motion diagrams in which points represent the positions of an object at equal timeintervals are
shown below. Which statement is correct?

A L] - L] »
B . * » e
L wm e & = L] L] L]
'en = = - - LY ]
E s « # &« # # » # & =&

. A has the greatest speed and the grestest accel eration.
. C has decreasing speed.

. D dlows down and then speeds up.

. D speeds up and then slows down.

. E hasagreater speed than A.

moOo>

Two children start at one end of a street, the origin, run to the other end, then head back. On the way
]pack Jﬁan IS ahgad of Mike. Which statement is correct about the distances run and the displacements
rom the origin®

A. Joan has run agreater distance and her displacement is greater than Mike's.
B. Mike has run a greater distance and his displacement is greater than Joan's.
C. Joan has run a greater distance, but her displacement is less than Mike's.
D. Mikehasrun a 3§eater distance, but his displacement isless than Joan's.
E. Mike has run a shorter distance, and his displacement is less than Joan's.

10
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A juggler throws two balls to the same height so that one is at the halfway point going up when the other
Is at the halfway point coming down. At that point:

A. Their velocities and accelerations are equal . _
B. Their velocities are equal but their accelerations are equal and opposite.
C. Their accelerations are equal but their velocities are equal and opposite.
D. Their velocities and accelerations are both equal and opposite.

E. Their velocities are equal to their accelerations.

A car travels north at 30 m/sfor one half hour. It then travels south at 40 m/sfor 15 minutes. The total
distance the car has traveled and its displacement are:

A.18km: 18 km S.
B. 36 km; 36 km S.
C. 36 km; 36 km N.
D. 90 km; 18 km N.
E. 90 km; 36 km N.

A skier leaves a ski jump with a horizontal velocity of 29.4 m/s. The instant before she lands three
seconds later, the magnitudes of the horizontal and vertical components of her velocity are:
A.0;29.4 m/s.

B. 29.4 m/s; 0.

C. 29.4 m/s; 29.4 m/s.
D. 29.4 m/s; 41.6 m/s.
E. 41.6 m/s; 41.6 m/s.

The equation that solves aproblemis 2 2 . The problemis:
[13%] —[u%] =2[3.u%]{3.nm}
k3

A. What istheinitial velocity of a car that goes from rest to 18 m/sin 3.0 s?

B. What isthe final velocity of a car that goes from rest to 18 m/sin 3.0 s?

C. What istheinitial velocity of acar that accelerates at 18 m/sfor 3.0 s?

D. What isthe final velocity of acar that accelerates at 3.0 m/§ over a 6.0 m distance?

E. What isthe final velocity of a car that accelerates at 3.0 m/s” over a 3.0 m distance?

The equation that solves aproblem is . The problemis:

ﬁ.4m=2lﬁlm+3.ﬂ% (2.05)-4.9 5 (209>
g

A. l_t|10W far aéagve itsinitial position does arock travel in 2.0 swhen thrown up from a point 40 m above
the ground?

B. l_t|10W far l:agl) ow itsinitial position doesarock travel in 2.0 swhen thrown up from a point 40 m above
the ground~

C. What is the position relative to the ground of arock thrown up at 3.0 m/s from aroof 20 m above the
ground 2.0 s after it isreleased?

D. What is the change in position relative to the ground of arock thrown up at 3.0 m/s from aroof 20 m
above the ground 2.0 s after it is released?

E. What is the position relative to the ground of arock thrown up at 3.0 m/s from aroof 20 m above the
ground if its maximum height is 33.6 m?

11
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49.
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52.

Dallas says that any change in velocity is directly proportional to the time interval over which the change
took pl gce. Dana saysthat is true only when the acceleration is constant. Which one, if either, is
correct”

A. Dana, because it is true then the acceleration is constant.
B. Dallas, because we can define a, sothat Dv,=a _ f.
C. Dallas, becausea, . awaysisedito , , , %9
X, avg xd %

2

D. All the above are correct.
E. Only (@) and (b) above are correct.

Astrid says that change in position is directly proportional to the time interval in which the change takes
place as [ong as the acceleration is constant. Karin says that thisistrue only when the velocity is
constant. Which one, if either, is correct?

A. Astrid, because it is true when the acceleration is constant.

B. Astrid, because we can definev,  sothat Dx=Vv. Dt.
C. Astrid, because Vi Vs “Ahen the accelefefith is constant.
X1 ,
Ax = % g At

D. All the above are correct.
E. Only (@) and (c) above are correct.

The area under a graph of v, Vst fromt= t tot=t, represents

The area under a graph of a, vst fromt= t tot=t, represents

—h

moow>
D < X<

L
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N
o
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inutes, Kararan 2.40 km on atreadmill facing due east. Relative to the gym, what were her
ement and average velocity during this time interval ?

o
8

moomy

pvovoo 8
NO

Exx8

588
333
2
nDNO
38
3
0
3

12
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56.

In 20 minutes, Kararan 2.40 km on atreadmill facing due east. Relative to the treadmill, what were her
displacement and average velocity during this time interval ?

>
o

NONOC
o
o
3
(7]

3

km, east: 2.00 m/s, east
40 km, west; 2.00 m/s, west

88no
~
3

swimmer swims 20 laps in a north-south facing pool in 7.00 minutes. Her first lap is toward the north.
er displacement and average velocity are

.0
.0
.0
.1

0.

2.38 m/s, south.

: 2.38 m/s, north.

000 m, south; 2.38 m/s, south.
E. 1000 m, north; 2.38 m/s, north.

OOwW> I> MUOW

Driver A iscruising along enjoying the fall colors. Driver B starts her car at the instant he passes her.
Their velocities are shown as functions of timein the graph below. At what instantsin time are drivers A
and B side by side?

vimis)

+ CarB
4]:' -

1 Clar &
20 /

f(g)

N m
oo DN
N nn

moOw
ANNOO

w

Cart A, of mass m, starts from rest and travels in a straight line with acceleration a. It traverses a distance
xintimet. Cart B, of mass 4m, starts from rest and travelsin astraight line with acceleration . Attime

2
t it has traversed the distance

A.

w

moon
??X ted | 34

13
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Cart A, of mass m, starts from rest and travelsin a straight line with acceleration a. It reaches velocity v
intimet. Cart B, of mass 4m, starts from rest and travelsin a straight line with acceleration , . At timet

2
it has reached velocity
A.

| =

Y,

2
C. v
D. 2v.
E. 4v.

The small circlesin the diagram below represent the positions along the x-axis of abody at equal time
intervals. Assume the body movesin astraight line.

|
o
W

=0 1 2 i45 a .
L L L] L L L] L L

Thisdiagram is most likely to describe

A. aswimmer swimming laps.

B. an exercise on arowing machine.

C. aperson on atreadmill.

D. atennisball during avolley.

E. arunner who tripped, fell, rose, and continued racing.

A 50-gram superball traveling at 25 m/s is bounced off a brick wall and rebounds at 22 m/s. A
high-speed camerarecords this event. If the ball isin contact with the wall for 3.5 ms, what isthe
average acceleration of the ball during thistime interval?

14



60. A boat moves at 10 m/srelative to the water. If the boat isin ariver where the current is 2.0 m/s, how
ljong doesit E)ake the boat to make a complete round trip of 1.0 km upstream followed by a 1.0 km trip
ownstream?;

61. A bicyclist startsdown ahill with an initial speed of 2.0 m/s. She moves down the hill with a constant
acceleration, arriving at the bottom of the hill with a speed of 8.0 m/s. If the hill is 12 m long, how long
did it take the bicyclist to travel down the hill?

62. A helicopter descends from a hei F?ht of 600 m with uniform negative acceleration, reaching the ground at
rest in 5.00 minutes. Determine the acceleration of the helicopter and itsinitial downward velocity.

15



63. A speedy tortoise can run with avelocity of 10 cm/s and a hare can run 20 times as fast. In arace, they
both start at the same time, but the hare stops to rest for 2.0 minutes. The tortoise wins by a shell (20
cm). What was the length of the race?

64. A peregrine falcon dives at a pigeon. The falcon starts with zero downward velocity and falls with the
acceleration of gravity. If the pigeon is 76.0 m below the initia height of the falcon, how long does it
take the falcon to intercept the pigeon?

65. Starting from rest, a car travels 1,350 metersin 1.00 minute. It accelerated at 1.0 m/s_2 until it reached its
cruising speed. Then it drove the remaining distance at constant velocity. What was its cruising speed?

16



66. A car originally traveling at 30 m/s manages to brake for 5.0 seconds while traveling 125 m downhill. At
that point the brakes fail. After an additional 5.0 secondsit travels an additional 150 m down the hill.
What was the acceleration of the car after the brakes failed?

17



Chapter 2--Motion in One Dimension Key

+ 22t - 6.0t9)m, wheretisinss.

The position of a particle moving along the x axisis given by x = (21
=10stot=3.0s?

What is the average velocity during the timeinterval t = 1.0

A bullet isfired through a board, 14.0 cm thick, with itsline of motion perpendicular to the face of
the board. If it enters with a speed of 450 m/s and emerges with a speed of 220 m/s, what isthe
bullet's acceleration as it passes through the board?

-500 km/
-550 km/
-360 km/
-520 km/
-275 km/

mo O >

The position of a particle moving along the x axisis given by x = 6.0t? - 1.0t3f, where x isin meters
and t in seconds. What is the position of the particle when it achieves its maximum speed in the
positive x direction?

A.24m
B. 12m
C.32m
D. 16 m

E. 20m

The velocity of a particle moving along the x axisisgivenfort>0by v = (32.0t - 2_.00t3) m/s, where
tisins. What is the acceleration of t_heg)artl cle when (after t = 0) it achives its maximum
displacement in the positive x direction’;

A. -64.0 m/s?
B. zero

C. 128 m/s?

D. 32.0 m/s?
E -32.0m/s?

The position of a particle asit moves along the x axisisgivenfor t > 0 by x = gs -3t + 6t) m, where
tisins. Whereisthe particle when it achieves its minimum speed (after t = 0)~



The position of aParticIea_s it moves along the x axisis given by x = 1562 m, wheretisins. What is
the acceleration of the particleat t =1 s?

A. 22m/s
B. 60 m/s
C. 81m/s

D. 15m/s
E. 35m/s

V_ isthe velocity of a particle moving along the x axisas shown. If x=2.0matt = 1.0 s, what isthe
pdsition of the particle at t = 6.0 S?

Vo (m1/ 5%
4.0
A0
20
La

NS
OCooo
3333

moO®>
AR

S 6.0m

article moving along the x axis has a position given bly X = (24t — 2.0t m, wheretis measured in
hat is the magnitude of the acceleration of the particle at the instant when its velocity is zero?

4 m/s?
Zero
12m
- 48'm/
36/

>
N =8

>

ulelel



Att=0, aparticleislocated at x = 25 m and has a velocity of 15 m/s in the positive x direction. The
acceleration of the gartl cle varies with time as shown in the diagram. What is the velocity of the
particleatt = 5.0 s"

2
s s™h

".lﬂ B T e e i S M e = = = = it = = = i = = =

Flsl
a0

A. +15m/s
B. -15m/s
C. +30 m/s
D.0

E. -1.2m/s

Att=0, aparticleislocated at x = 25 m and has a velocity of 15 m/sin the positive x direction. The
acceleration of the ’E)al’tl cle varies with time as shown in the diagram. Whét is the position of the
particleatt = 5.0 s"

o (m/sh
'\'."'.':I e ......-........._.-......j-.............-
T D S 0| I S|

0
0 10 2a  2a 40 50 &b

A.175m
B. 125m
C. 138 m
D. 154 m
E. 165m
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A (g)articleg confined to motion along the x axis moves with constant acceleration fromx=2.0 mtox =
8.0 mduring a2.5-stime interval. The velocity of the particle at x = 8.0 mis 2.8 m/s. What isthe
acceleration during this time interval ?

proton moving,along the x axis has an initial vel oci(%/ of 40° 10° mys and a constant accel eration
.0" 10 m/s". What is the velocity of the proton after it has traveled a distance of 80 cm?

6.0
5.1° 102 m/s
6.37 108 m/s
4.8 10° m/s
3.9 108 m/s
2.9°10% m/s

particle moving with a constant acceleration has a velocity of 20 cm/s when its positionisx = 10
m. Its position 7.0 slater is x = -30 cm. What is the acceleration of the particle?

g> moowp

>

. -7.3¢cm/
8

O

An automobile moving along a straight track changesits velocity from 40 m/sto 80 m/sin a distance
of 200 m. What is the%constant) acceleration of the vehicle during this time?

=3

2.0s, aparticle moving with constant acceleration along the x axis goes from x = 10 m to x = 50
. The velocity at the end of thistime interval is 10 m/s. What is the acceleration of the particle?

. +15m/
+20 m/
-20m/
. -10m/
. -15m/

MOOwW> 3

>

n automobile manufacturer claims that its product will, starting from rest, travel 0.40 kmin 9.0 s.
hat is the magnitude of the constant acceleration required to do this?

=
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17.

18.

19.

20.

21.

22.

An automobile traveling along a straight road increases its speed from 30.0 m/sto 50.0 m/sina
g!stance ’§)f 180 m. If the acceleration is constant, how much time elapses while the auto moves this
istance”

A. 6.00s
B. 450s
C. 3.60s
D. 400s
E. 9.00s

An object movi n%on the x axis with a constant acceleration increases its x coordinate by 80 min a
time of 5.0 sand has avelocity of +20 m/s at the end of this time. Determine the acceleration of the
object during this motion.

-1.6 m/s2
B. +6.4m/
C. +1.6m/
D.
E.

>

-2.0m/
-6.4 m/

An electron, starting from rest and moving with a constant acceleration, travels 2.0 cm in 5.0 ms.
What is the magnitude of this acceleration?

A. 2.5 km/s?
B. 0.80 km/
C. 1.6 km/
D. 1.3 km/s2
E. 3.2 km/s?

A particle starts from rest at x. = 0 and moves for 10 s with an acceleration of +2.0 cm_/sz. For the
nlgx;] 20, the g)ccel eration of the particle is-1.0 cm/s”. What is the position of the particle at the end
of this motion®

ZEro
+3.0m
-1.0m
+2.0m
-3.0m

cket, initialy at rest, isfired vertically with an upward acceleration of 10 m/s”. At an dltitude of
km, the engine of the rocket cuts off. What is the maximum altitude it achieves?

> moojwr>
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A ball isthrown vertically upward with an initial speed of 20 m/s. Two seconds later, astoneis
thrown vertically (from the sameinitial height as the ball) with an initial speed of 24 m/s. At what
height above the release point will the ball and stone pass each other?

A.17m
B.21m
C. 18 m
D. 27 m
E. 31m



23.

24,

25.

26.

27.

28.

An object isthrown vertically and has an Vl\J})WGI_I’d velocity of 18 m/s when it reaches one fourth of its
maximum height above its launch point. What is theinitial (launch) speed of the object?

A.35m/s
B. 25m/s
C. 30m/s
D. 21 m/s
E. 17 m/s

A stoneis thrown from the top of abuilding with an initial velocity of 20 m/s downward. The top of
the building is 60 m above the ground. How much time elapses between the instant of release and the
instant of impact with the ground?

A.20s

moOw
ocoul
wOnon

An object is thrown downward with an initia (t = 0) speed of 10 m/s from a height of 60 m above the
ground. At the same instant ﬁt]= 0), asecond object Is propelled vertically upward from ground level
with a speed of 40 m/s. At what height above the ground will the two objects pass each other?

A.53m
B.41m
C. 57m
D. 46 m
E. 37m

A toy rocket, launched from the ground, rises vertically with an acceleration of 20 m/s? for 6.0 suntil
its rl?otor r?tops’bDlsregardl ng any air resistance, what maximum height above the ground will the
rocket achieve®

k is thrown downward from an unknown height above the ground with an initial speed of 10
t strikes the ground 3.0 s later. Determine theinitial height of the rock above the ground.

3> Moo

3
-0

/

ball thrown vertically from ground level is caught 3.0 s later by a person on a balcony whichis 14
above the ground. Determine the initial speed of the ball.

19 m/s
4.7 mls
.10 m/s
.34 mis
. 17 m/s

> 3> monw>
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30.

31.

32.

An object is thrown vertically upward such that it has a speed of 25 m/s when it reaches two thirds of
its maximum height above the launch point. Determine this maximum height.

A.64m
B. 48 m
C.32m
D. 9% m
E. 75m

The velocity at the midway point of aball able to reach aheight y when thrown with velocity v, a the
originis:

vf+EgJJ

E. gy

When Jim and Rob ride bicycles, Jim can only accelerate at three quarters the acceleration of Rob.
Both start from rest at the bottom of along straight road with constant upward slope. If Rob takes 5.0
rFmglrk;L’J)tes to reach the top, how much earlier should Jim start to reach the top at the same time as

ob?

A.25s
B. 40s
C.46s
D.55s
E. 75s

When starting from rest at the bottom of a straight road with constant upward slope, Joan bicycles to
the top 50.0 s ahead of Sally, whose travel time1s5.00 minutes. What is the ratio of Joan's
acceleration to Sally's acceleration?

A. 0.694
833
20
44
0

\wi@lss

. 0.
L
. 1.
. 6.

M



33.

34.

35.

36.

To help Kim practice for the Special Olympics, Sally runs beside him for half the required distance.
She runs the remaining distance at her regular speed and arrives 90 seconds ahead of Kim. What is
the ratio of Sally's regular speed to Kim's speed? Use tim for Kim'stotal time.

At
S0s
B i
Pim — F 2
L ‘tﬁim
fang — 180 5
D. I
180 s
B tg,— 00
tane — 1803

The position of a particle moving along the y-axis has a position given b%/_ o
- 1 s Isthere any time interval during which the particle is not
y
y=020m+ [E.D?]:— [ID—E]I

5
moving?

A. Yes, from 0.60 sto 1.00 s.

B. Yes, from 0.795 sto0 0.805 s.

C. Yes, at thetimet=0.80s.

D. No, the velocity is never zero.

E. No, aninstant is not the same as atime interval.

A particle moving along the x-axis has a position given by x = 54t - 2.0t2m. Atthetimet = 3.0 s, the
speed of the particle is zero. Which statement is correct?

A. The particle remains at rest after t = 3.0 s.

B. The particle no longer accelerates after t = 3.0 s.

C. The particle can be found at positionsx <0 monly whent<0s.
D. All of the above are correct.

E. None of the above is correct.

Two identical balls are at rest side by side at the bottom of a hill. Some time after ball A is kicked up
the hill, ball B is given akick UP the hill. Ball A is headed downhill when it passes ball B headed up
the hill. At the instant when ball A passes ball B,

A it has the same position and velocity as ball B.

B. it has the same position and acceleration as ball B.

C. it has the same velocity and acceleration as ball B.

D. it has the same displacement and velocity as ball B.

E. it has the same position, displacement and velocity as ball B.



37.

38.

The position of an object at equal time intervalsis shown below:

Which graph below correctly represents position versus time for this object?

AL xm)
\it(sj

B. .}:Emj

™~

Cop=om)

t(=)

t(=)

tz)

t(s)

Two identical balls are at rest and side by side at the top of ahill. You let one ball, A, start rolling
down the hill. A little later you start the second ball, B, down the hill by %IVI ng it a shove. The second
ball rolls down the hill along aline parallel to the path of the first ball and passesit. At the instant
ball B passes ball A:

A. it has the same position and the same velocity as A.

B. it has the same position and the same acceleration as A.
C. it has the same velocity and the same acceleration as A.
D. it has the same displacement and the same velocity as A.
E. it has the same position, displacement and velocity as A.



39.

40.

41.

42.

The graph below shows the velocity versus time graph for aball. Which explanation best fits the
motion of the ball as shown by the graph?

¥

‘F |

A. Theball isfalling, is caught, and is thrown down with greater velocity.
B. Theball isrolling, stops, and then continues rolling.

C. Theball isrising, hitsthe ceiling, and falls down.

D. Theball isfaling, hits the floor, and bounces up.

E. Theball isrising, is caught, and then is thrown down.

A boy on a skate board skates off a horizontal bench at a velocity of 10 m/s. One tenth of a second
after he leaves the bench, to two significant figures, the magnitudes of his velocity and acceleration
are:

Qo

tion diagrams in which points represent the positions of an object at equal time intervals are
elow. Which statement Is correct?

2
cé:<
>
o

Ao L] - L] .
E = . . »as

L s » = L] . .
Fes s = - - LY
Ews # # & # # »# & & &

A. A hasthe greatest speed and the greatest acceleration.
B. C has decreasing speed.

C. D slows down and then speeds up.

D. D speeds up and then slows down.

E. E hasagreater speed than A.

Two children start at one end of a street, the origin, run to the other end, then head back. On the way
]pack Jﬁan is ahg)zad of Mike. Which statement is correct about the distances run and the displacements
rom the origin®

A. Joan has run agreater distance and her displacement is greater than Mike's.
B. Mike hasrun agreater distance and his displacement is greater than Joan's.
C. Joan has run agreater distance, but her displacement is less than Mike's.
D. Mike has run agreater distance, but his displacement is |ess than Joan's.
E. Mike hasrun a shorter distance, and his displacement is less than Joan's.

10



43.

45,

46.

47.

A Auggl er throws two balls to the same height so that oneis at the halfway point going up when the
other Is at the halfway point coming down. At that point:

A. Their velocities and accelerations are equal . _
B. Their velocities are equal but their accelerations are equal and opposite.
C. Their accelerations are equal but their velocities are equal and opposite.
D. Their velocities and accelerations are both equal and opposite.

E. Their velocities are equal to their accelerations.

A car travels north at 30 m/s for one half hour. It then travels south at 40 m/sfor 15 minutes. The
total distance the car has traveled and its displacement are:

A. 18 km:; 18 km S.
B. 36 km; 36 km S.
C. 36 km; 36 km N.
D. 90 km; 18 km N.
E. 90 km; 36 km N.

A skier leaves a ski jump with ahorizontal velocity of 29.4 m/s. The instant before she lands three
seconds later, the magnitudes of the horizontal and vertical components of her velocity are:

A.0; 29.4 m/s.
B. 29.4 m/s; 0.
C. 29.4m/s; 29.4 m/s.
D. 29.4 m/s; 41.6 m/s.
E. 41.6 m/s;, 41.6 m/s.

The equation that solves a problem is 2 2 . The problemis:
[13%} —[D%} =2[3.u%](3.nm}
5

A. What istheinitial velocity of a car that goes from rest to 18 m/sin 3.0 s?

B. What isthefinal velocity of acar that goes from rest to 18 m/sin 3.0 s?

C. What istheinitial velocity of acar that accelerates at 18 m/sfor 3.0 s?

D. What isthefinal velocity of acar that accelerates at 3.0 m/§ over a6.0 m distance?

E. What isthe final velocity of acar that accelerates at 3.0 m/s” over a 3.0 m distance?

The equation that solves aproblem is . The problem

6.4 m=20 m+3.u% (205)-4.95(20s)°
g

is:

A. How far above itsinitial position does arock travel in 2.0 s when thrown up from a point 40 m
abovetheground? N _ _

B. How far below itsinitia position doesarock travel in 2.0 swhen thrown up from a point 40 m
above the ground? _

C. What isthe position relative to the ground of arock thrown up at 3.0 m/s from aroof 20 m above
the ground 2.0 s after it is released?

D. What is the change in position relative to the ground of arock thrown up at 3.0 m/s from aroof 20
m above the ground 2.0 s after it is released?

E. What isthe PQS'UOV‘ relative to the ground of arock thrown up at 3.0 m/s from aroof 20 m above
the ground it its maximum height is 33.6 m?

11



48.

49.

50.

ol

52.

Dallas saysthat any change in velocity is di rectl?; proportional to the time interval over which the
change togk place. Dana says that is true only when the acceleration is constant. Which one, if either,
is correct”

A. Dana, because it istrue then the acceleration is constant.
B. Dallas, because we can define a sothat Dv,=a, _ t

; et X, avg
C. Dallas, becausea, - awaysiSed{fl to Bt

2

D. All the above are correct.
E. Only (a) and (b) above are correct.

Astrid says that change in position is directly proportional to the time interval in which the change
takes place as long as the acceleration is constant. Karin says that thisis true only when the velocity
is constant. Which one, if either, is correct?

A. Astrid, because it is true when the acceleration is constant.

B. Astrid, because we can definev, _,_sothat Dx=v Dt.

C. Astrid, because ok “Ahen the accelefafith is constant.
2 ¥

M=Tﬂf

D. All the above are correct.
E. Only (a) and (c) above are correct.

The area under a graph of v, Vst fromt= t tot=t, represents

X
+ -
<

STelbs
B | XXX
-

E. x + X.
i f

The area under a graph of a vst fromt= t. tot =t, represents

<

Y™

8 X
83qqq33

mo O >

inutes, Kararan 2.40 km on atreadmill facing due east. Relative to the gym, what were her
ement and average velocity during this time interval ?

voo £8
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NNNOO
888po

12



53.

4.

55.

56.

In 20 minutes, Kararan 2.40 km on atreadmill facing due east. Relative to the treadmill, what were
her displacement and average velocity during this time interval ?

.00

. 0;2.00 m/s

. 240 km, east; O

. 2.40 km, east; 2.00 m/s, east

. 2.40 km, west; 2.00 m/s, west

moOw>

swimmer swims 20 laps in a north-south facing pool in 7.00 minutes. Her first lap istoward the
orth. Her displacement and average velocity are

3)>|

. 0; 0.
. 0; 2.38 m/s, south.
) Cl) 2.

>

: 2.38 m/s, north.
000 m, south; 2.38 m/s, south.
E. 1000 m, north; 2.38 m/s, north.

oNw

Driver A iscruising along enjoying the fall colors. Driver B starts her car at the instant he passes her.
Their velocities are shown as functions of timein the graph below. At what instantsin time are
drivers A and B side by side?

Fimss)
+ Car B
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i Clar &
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Cart A, of mass m, starts from rest and travels in a straight line with acceleration a. It traversesa
distance x in time t. Cart B, of mass 4m, starts from rest and travels in a straight line with acceleration
= - Attimet it has traversed the distance

2

A.

]

|
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58.

59.

60.

61.

Cart A, of mass m, starts from rest and travelsin a straight line with acceleration a. It reaches velocity
vintimet. Cart B, of mass 4m, starts from rest and travels in a straight line with acceleration ;. At

2
timet it has reached velocity
A.

o8

Q.< Mlt__':

C.
D. 2v.
E. 4v.

The small circlesin the diagram below represent the positions along the x-axis of abody at equal
time intervals. Assume the body movesin a straight line.

-1
[r=]
=

=0 1 2 345 a .
® L L] ® ® - L L

Thisdiagram is most likely to describe

aswimmer swimming laps.

an exercise on arowing machine.

aperson on atreadmill.

atennisball during avolley.

arunner who tripped, fell, rose, and continued racing.

moOw

A 50-gram superball traveling at 25 m/sis bounced off a brick wall and rebounds at 22 m/s. A
high-speed camerarecords this event. If the ball isin contact with the wall for 3.5 ms, what isthe
average acceleration of the ball during thistime interval?

13,430 m/s?

A boat moves at 10 m/srelative to the water. If the boat isin ariver where the current is 2.0 m/s, how
Idong doesit 'E)akethe boat to make a complete round trip of 1.0 km upstream followed by a 1.0 km trip
ownstream?”

208.3s

A bicyclist starts down a hill with an initial speed of 2.0 m/s. She moves down the hill with a constant
acceleration, arriving at the bottom of the hill with a speed of 8.0 m/s. If the hill is 12 m long, how
long did it take the bicyclist to travel down the hill?

24s

14



62.

63.

64.

65.

66.

A helicopter descends from a height of 600 m with uniform negative acceleration, reaching the
gglnun_d at rest in 5.00 minutes. Determine the acceleration of the helicopter and itsinitial downward
velocity.

-0.0133 m/s2, 4.0 m/s

A speedy tortoise can run with avelocity of 10 cm/s and ahare can run 20 times as fast. In arace,
they both start at the same time, but the hare stops to rest for 2.0 minutes. The tortoise wins by a shell
(20 cm). What was the length of the race?

12.62m

A peregrine falcon dives at a pigeon. The falcon starts with zero downward velocity and falls with the
acceleration of gravity. If the pigeon is 76.0 m below theinitial height of the falcon, how long does it
take the falcon to intercept the pigeon?

3.94s

Starting from rest, a car travels 1,350 metersin 1.00 minute. It accelerated at 1.0 m/s? until it reached
its cruising speed. Then it drove the remaining distance at constant velocity. What was its cruising

Speed?

30 m/s
A car originally travelin? at 30 m/s manages to brake for 5.0 seconds while traveling 125 m downhill.
At that point the brakes fail. After an additional 5.0 seconds it travels an additional 150 m down the

hill. What was the acceleration of the car after the brakes failed?

4.0 m/s?
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