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Kinematics in
One Dimension

2.1 Uniform Motion

1. Sketch position-versus-time graphs (x versus ¢ or y versus #) for the following motions. Include
appropriate numerical scales along both axes. A small amount of computation may be necessary.
a. A parachutist opens her parachute at an altitude of 1500 m. She then descends slowly to earth at a
steady speed of 5 m/s. Start your graph as her parachute opens.
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b. Trucker Bob starts the day 120 miles west of Denver. He drives east for 3 hours at a steady
60 miles/hour before stopping for his coffee break. Let Denver be located at x = 0 mi and assume

that the x-axis points to the east.
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c. Quarterback Bill throws the ball to the right at a speed of 15 m/s. It is intercepted 45 m away by
Carlos, who is running to the left at 7.5 m/s. Carlos carries the ball 60 m to score. Let x = 0 m be the
point where Bill throws the ball. Draw the graph for the football.
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2-2 CHAPTER 2 * Kinematics in One Dimension

2. The figure shows a position-versus-time graph for the motion of objects A
and B that are moving along the same axis.
a. Atthe instant 7 = 1 s, is the speed of A greater than, less than, or equal B
to the speed of B? Explain.
At 4=ls twe slope of +he line for & 1 3 3 4
A is qreater thow thal for ‘
object " B, Twecefore , object A's
speed s grester, (Both ave
poS'\‘hw. S opv.s.)

b. Do objects A and B ever have the same speed? If so, at what time or times? Explain.

No, the speeds are never the
same, Eadh has o constawt
Sp?.e.c\ (constavit slepe) and A's
SPQ_O.O\ is a\wou{s csre.od‘e.m

3. Interpret the following position-versus-time graphs by writing a short “story” about what is happening.
Your stories should make specific references to the speeds of the moving objects, which you can
determine from the graphs. Assume that the motion takes place along a horizontal line.

& :(],m) On o c\u'\ck "‘r’ip on the ivs"'q_rs"'o&g
Timy Orives wWest for +uo miles
1{ ’(»3""?h W ot & Mp\«,s’rops ot an it for
eBinp b min, then ceturns eost o QOmp\'\
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2.2 Instantaneous Velocity

4. Draw both a position-versus-time graph and a velocity-versus-time graph for an object at rest at x =1 m.
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5. The figure shows the position-versus-time graphs for two objects, A
and B, that are moving along the same axis.
a. At the instant 7= 1 s, is the speed of A greater than, less than, or equal
to the speed of B? Explain.

A's spead is %ra.a‘\'l_r ot t=lg,

The S\opt of the +om<3'—\f¢ to 8'5
s Smanur ‘H'\ow\

urve ot {'~\S
Yo slope of A's line.

b. Do objects A and B ever have the same speed? If so, at what time or times? Explain.

A omd B have the same Speed af just before 4235,
At thot hmz,,'\"m. slopo. of Ihe -hmsu‘d' o the curve
re.pmsv.w\'ins 8.5 mo*ion %3 Q‘\um\ +o +\\Q_ S\OPL of

the lne Tepreseting A

6. Below are six position-versus-time graphs. For each, draw the corresponding velocity-versus-time
graph directly below it. A vertical line drawn through both graphs should connect the velocity v, at
time ¢ with the position s at the same time ¢. There are no numbers, but your graphs should correctly

indicate the relative speeds.
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7. The figure shows a position-versus-time graph for a moving X c

object. At which lettered point or points:
D
[s the object moving the slowest? B B

a. D
L] C) E "

b. Is the object moving the fastest?

A

d. Does the object have a constant
nonzero velocity? B D

c. Isthe object at rest?

i

e. Is the object moving to the left? D

8. The figure shows a position-versus-time graph for a moving
object. At which lettered point or points:

[s the object moving the fastest?

a
b. Is the object moving to the left? C, D, E
c. Is the object speeding up?

d. Is the object slowing down?

)
e. Is the object turning around? B
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9. For each of the following motions, draw
+ A motion diagam,
« A position-versus-time graph, and
A velocity-versus-time graph.
a. A car starts from rest, steadily speeds u
comes to a haltin 5 s.

p to 40 mph in 15 s, moves at a constant speed for 30 s, then

S0 S S S = =S X = ~

V° V‘ Va V3 \’H \Is Vb V., Vg Vq

—Ppor—Fe——Po—¢ De cA Je L Pe—pe
D W Fo0 @0 8=0 80 @0 a0 €3-
o o o

b. A rock is dropped from a bridge and steadily speeds up as it falls. It is moving at 30 m/s when it hits
the ground 3 s later. Think carefully about the signs.
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c. A pitcher winds up and throws a baseball with a speed of 40 m/s. One-half second later the batter
hits a line drive with a speed of 60 m/s. The ball is caught 1 s after it is hit. From where you are
sitting, the batter is to the right of the pitcher. Draw your motion diagram and graph for the horizontal
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motion of the ball.
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10. The figure shows six frames from the motion diagram of
two moving cars, A and B. se
i . . 0
a. Draw both a position-versus-time graph and a velocity-
versus-time graph. Show the motion of both cars on
each graph. Label them A and B.

L I\
[

»we

b. Do the two cars ever have the same position at one instant of time?
If so, in which frame number (or numbers)? YQS, ol 4,

Draw a vertical line through your graphs of part a to indicate this instant of time.

¢. Do the two cars ever have the same velocity at one instant of time?
If so, between which two frames? No

11. The figure shows six frames from the motion diagram
of two moving cars, A and B. se
a. Draw both a position-versus-time graph and a g
velocity-versus-time graph. Show both cars on
each graph. Label them A and B.

b. Do the two cars ever have the same position at one instant of time?

If so, in which frame number (or numbers)?

c. Do the two cars ever have the same velocity at one instant of time?
If so, between which two frames? Y’-S, ‘Ffom 3 to s |

Yeslo{f . and of §

Draw a vertical line through your graphs of part a to indicate this instant of time.

z0 *

n@
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2.3 Finding Position from Velocity

12. Below are shown four velocity-versus-time graphs. For each:

* Draw the corresponding position-versus-time graph.
* Give a written description of the motion.
Assume that the motion takes place along a horizontal line and that x, = 0.

a. N b. I
|
]
¢ i
X I 4
0- ) 3 % !
- Movi forward af cans‘i'av\"' ;Sp(zJin wp Qn'\"'iq"y
SP(R‘O{‘;‘)V the 'FH'S-“ one~ ‘H\ird. ond 'H‘\L%\ mo\‘\yd'ain‘ly\
- R(.Mcdnins S'l‘a"iovxarxl 'ror 'H\L Q (:0“5‘!'0“"* SPO.CA of (o
Stcond one=thid of the Hiwme. poivt L.

=~ Mowvi bad:wo.ra! ot
s“MLﬂgsPLQJ for 'H\t &ni\ "’kwd.

= Constadt £uruard spead to |, - Congtart negative
~ A SM“’CO” SPQ"J Logd(wmrds QCLQ_IQ,(Q,+§°V\‘ S‘Ow‘h3
‘F(om | +o s dOWV\ UW\‘H\ | o
= Slowing down while movin then y:\ivsﬁ arow
backwards feom @ to 3, and speeding w {-o‘
rebuen o Te mrhnﬁ

and S“upp'\ns at 3. pohﬁ‘ o A,
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13. The figure shows the velocity-versus-time graph for a moving v (/)

object whose initial position is x, =20 m. Find the object’s

/
position graphically, using the geometry of the graph, at the 5 _//\\\
following times. //\\\, ((s)

a. Atr=3s. Fi“div\S the avea under the curve . 773754 5 &g

Use the rcdo\nf)\c marked 4.

%x(3s) = Xo* Vy (0-35)(3s)
= 30m +10F (3s) =|50m

b. Atr=5s.
Add 1o the previows answer Hhe ovea marked \\\\\
T\f\} OYeA Can be. ‘FQVMA LY Qdd\“s the W.C"OW\E\Q 1f\row\
3s to 4s and 3y of that area for the porkion
from Hs to Ss. Oc, tquivalently,
x(5s) = §0M+ v, (3s=Hs)(1s)+ Yo (W Ms) + Ny \5s)(I's) 05
250w +10™/s (1) + V2 (10™s + 5"/s) 1 s)= S0m+1Om* [ om
c. Atr=7s. 4 \ /l( /S“ )"-"
Rdd o the previous omswer the avea of the Hriangle
from Ss Yo bs and subtracd the aveo of the
+v"io.v7§0. from bs to Ts, Thew aras ave equal and opposite
Ya 5"fs (1) + 12 1=-5"Ys)(15), So, xL7T)= 6TSm+ 3.5m-2.5m=

61.5m

d. You should have found a simple relationship between your answers to parts b and c. Can you
explain this? What is the object doing?

Dvw"\vxs the ¥ime from Ss--'s’ +he oL:\u"’ is s\nwiv\s
while WMoving in the +X dicechion Tor 'S,'H'nn
S?UA‘V\S vp N\\'\‘Q. Moviv\Sin the -x divedtion For
the 2N& - second . Becaunse  the A(u.l(xoc\'io\m is
tonstart and Hae times ave equal | the motion is
Symmc\'vic, The eb&(,d‘ vebvaces its pod'\q WA vevesSe .
Time £tz 0bs is a +\Afn‘xw3 ?oivd"
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2.4 Motion with Constant Acceleration

14. Give a specific example for each of the following situations. For each, provide:

+ A description, and
+ A motion diagram.
a. a, =0 but v, #0.

Travding ot constant Vz\oc\lry.

—— @
L L ol

S Y Y -
Vo v, Va \I.3
>,
-0

b. v, =0 but a, #0.

VA A
Tuen e | Nroi W This qu* of 'H\v_ motion
. c‘io-?ro\m OV‘\\\’ shows V,=0,
e_ bV\ Q%éo.

21

¢. v, <0 and a, >0.

S\awms down while mov‘cv\3 o the nuac&ivc divection.

88 e Ty S
RS S S
N3 Va Al Vo
- = ==>
a a a

15. Below are three velocity-versus-time graphs. For each:
« Draw the corresponding acceleration-versus-time graph.
« Draw a motion diagram below the graphs.

a. v b. n c. %

¥
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i v orptd G e re s ttir) P
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a 2 s o 0t = = e
t 2c0 &0 ¢ PL B aa @ 3 % 2 @
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16. Below are three acceleration-versus-time graphs. For each, draw the corresponding velocity-versus-

time graph. Assume that vy, =0.

a.  q b. 4 c. «,
0 s to tl ; 1

i 0 ;
’ to %, {3.

01 1 L
| ts t,
| o |

0 1 f- i 0 ‘[ 0 1 ! 0 ; ¥ 4 £
‘ {0 .t| ‘ *0 t ] to t‘ ta

17. The figure below shows nine frames from the motion diagram of two cars. Both cars begin to
accelerate, with constant acceleration, in frame 3.

0 3 H L1 b 7 8
Ae® B ® ® ® ® ® ® s
Be @ @ e @ @ ® ® ®
0 3 Y s & 7 8
a. Which car has the larger initial velocity? A The larger final velocity? B

b. Which car has the larger acceleration after frame 3? How can you tell?

B. B's aceleration must be qreater
to 030 ‘Frow, o sma\lu' ‘mih o.\ Vo..\od \‘\
fo a lavaer Final vel od\'\’. The c.l«omSQ
M spacing indicates this.
c. Draw position, velocity, and acceleration graphs, showing the motion of both cars on each graph.
(Label them A and B.) This is a total of three graphs with two curves on each.

\ B A v B
/ A
| —
0 t - !
; ‘ 415
| | 3
‘ ! A
0 } } ! L; 0 1
a3 AR 3 9
d. Do the cars ever have the same position at one instant of time? If so, in which frame? a QV\C’ 7
Yes

e. Do the two cars ever have the same velocity at one instant of time?

If so, identify the nwo frames between which this velocity occurs.
Identify this instant on your graphs by drawing a vertical line through the graphs.

© 2013 Pearson Education.
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2.5 Free Fall

18. A ball is thrown straight up into the air. At each of the following instants, is the magnitude of the ball’s

acceleration greater than g, equal to g, less than g, or zero? A\ +
a. Just after leaving your hand? ¥ 3 Note

b. At the very top (maximum height)? + 9 q\[ ==q

c. Just before hitting the ground? + 3 for all

19. A rock is thrown (not dropped) straight down from a bridge into the river below.
a. Immediately after being released, is the magnitude of the rock’s acceleration greater than g, less
than g, or equal to g? Explain.
The ma«y\"‘l'uo\e. of the awdecation
w\r\ilt o ‘Fv“u Fqu is MI *‘o 3 G+
all times, wdependedt of the initial
vel °“*\1~ The accdevadion only bl
how the vdoc_i)r\, is d\omsi ng.

b. Immediately before hitting the water, is the magnitude of the rock’s acceleration greater than g, less
than g, or equal to g? Explain.

The masv\i‘\'uo\a of the acclwration
is shill q bocause the rock is
s'\"“ n ‘F(‘u ’Fm“, The SPQ.QA is
Mireasing ot +he same rate
each ng O.V\"" Haat is \,\, He
Some AV oach Second,
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20.

A model rocket is launched straight up with constant acceleration a. It runs out of fuel at time 7.

resistance is negligible.

a. Is the rocket at maximum height the instant it runs out of fuel? N o

a o o

. Draw a pictorial representation for this
problem. You should have three identified
points in the motion: launch, out of fuel,

maximum height. Call these points 1, 2, and 3.

¢ Using subscripts, define 11 quantities: y,
v,, and 7 at each of the three points, plus
acceleration ¢y connecting points 1 and 2
and acceleration @, connecting points 2
and 3.

« ldentify 7 of these quantities as Knowns,
either 0 or given symbolically in terms of
a, t, and g. Be careful with signs!

« Identify which one of the 4 unknown

quantities you’re trying to find.

N

0y

Ysmni

. Is there anything other than gravity acting on the rocket after it runs out of fuel?
What is the name of motion under the influence of only gravity? Pf'oic.(.'}’ila motion

Y, l&

3

& £l YaVyata

0

v 0 Yi Yy

.tl

¢ Suppose you need to determine the maximum height reached by the rocket. We’ll assume that air

No

Kv\owr\:
Y 20
£,=0
Ny, =0
a,z 0

tazt
vy3=0

0a%-9

e. This is a two-part problem. Write two kinematic equations for the first part of the motion to
determine—again symbolically—the two unknown quantities at point 2.

\F-Y&-: Q’t

Ya© "aa'ta

f. Now write a kinematic equation for the second half of the motion that will allow you to find the
desired unknown that will answer the question. Your equation should not contain the fourth un-

known quantity. Just write the equation; don’t solve it yet.

0= (wyy)”= (v, - Bglys -ya)

g. Now, substitute what you learned in part e into your equation of part f, do the algebra to solve for
the unknown, and simplify the result as much as possible.

%
Vyzz aﬁ(Yz"Ya)
ot £% - a~'§\(73" Sat?)

21a
ov o { 1 >
33 aat -Y3

(o*+ qa) t*
g

K

Fino\ \I3
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2.6 Motion on an Inclined Plane

21. A ball released from rest on an inclined plane accelerates down the plane at 2 m/s?, Complete the table
below showing the ball’s velocities at the times indicated. Do not use a calculator for this; this is a

reasoning question, not a calculation problem.

Time (s) Velocity (m/s)
0 MO (I we define up the p\omc. as
1 s the positive divection, then
2 4 "s the velocities are all v‘w_go.‘\iw,,)

b "/s
4 9 M/S
10 /s

22. A bowling ball rolls along a level surface, then up a 30° slope, and finally exits onto another level
surface at a much slower speed.

(O8]

wn

a. Draw position-, velocity-, and acceleration-versus-time graphs for the ball.

|
|
|
|

0

0

1 I
Starts up Exits slope

S“)PC
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b. Suppose that the ball’s initial speed is 5.0 m/s and its final speed is 1.0 m/s. Draw a pictorial
representation that you would use to determine the height / of the slope. Establish a coordinate
system, define all symbols, list known information, and identify desired unknowns.

Note: Don’t actually solve the problem. Just draw the complete pictorial representation that you would

use as a first step in solving the problem.

s
ag é_____.
AR Y
)
o
S, os %

Know\nt Fiw
S, = Om (ot stoct of s\ope) h
t,=0s
o= 30°/

Vos = 5"s
Ve I

L, B t-gs‘me
Os= r‘\/Siv\e

2.7 Instantaneous Acceleration

23. Below are two acceleration-versus-time curves. For each, draw the corresponding velocity-versus-time

curve. Assume that vy, =0.
Equal
Areas

a. a,
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