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- Summary

5.1 Graphing Metion in
One Dimension
s Position-time graphs can be used to
find the velocity and position of an
object, and where and when two
objects meet.

. * A description of motion can be

obtained by interpreting graphs, and
graphs can be drawn from descriptions
of motion.

* Equations that describe the position of
an object moving at constant velocity
can be written based on word and
graphical representations of problems.

5.2 Graphing Velocity in

One Dimension

* Instantaneous velocity is the slope of
the tangent to the curve on a position-
time graph.

* Velocity-time graphs can be used to
determine the velocity of an object and
the time when two objects have the
same velocity.

* The area under the curve on a velocity-
time graph is displacement.

5.3 Acceleration

° The acceleration of an object is the
slope of the curve on a velocity-

Reviewing Concepts

* Results obtained by solving a problem

* The magnitude of the acceleration due

time graph.

¢ The slope of the
tangent to the
curve on a v-t s
graph is the instan-
taneous acceleration of the object.

* Velocity-time graphs and motion dia-
grams can be used to find the sign of
the acceleration.

® Both graphs and equations can be used
to find the velocity of an object under-
going constant acceleration.

* Three different equations give the dis-
placement of an object under constant
acceleration, depending on what quan-
tities are known.

* The mathematical model completes the
solution of motion problems.

must be tested to find out whether they
are reasonable.

5.4 Free Fal'l

to gravity (g = 9.80 m/s?) is always a
positive quantity. The sign of accelera-
tion depends upon the choice of the
coordinate system.

¢ Motion equations can be used to solve
problems involving freely falling objects.

Section 5.1

1. A walker and a runner leave your front
door at the same time. They move in
the same direction at different con-
stant velocities. Describe the position-
time graphs of each.

2. What does the slope of the tangent to
the curve on a position-time graph
measure?

Section_ 5.2

- == 3uaffyeou know the positions of an object

at two points along its path, and you
also know the time it took to get from
one point to the other, can you deter-
mine the particle’s instantaneous
velocity? Its average velocity? Explain.

4. What quantity is represented by the
area under a velocity-time curve?

5. Figure 5-20 shows the velocity-time
graph for an automobile on a test
track. Describe how the velocity
changes with time.
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FIGURE 5-20

Section 5.3

6. What does the slope of the tangent to the curve

on a velocity-time graph measure?

7. A car is traveling on an interstate highway.

a. Can the car have a negative velocity and a
positive acceleration at the same time?
Explain.

b. Can the car’s velocity change signs while it is
traveling with constant acceleration?

Explain.

8. Can the velocity of an object change when its
acceleration is constant? If so, give an example.
If not, explain.

9. If the velocity-time curve is a straight line paral-
lel to the t-axis, what can you say about the
acceleration?

10. If you are given a table of velocities of an
object at various times, how could you find out
if the acceleration of the object is constant?

11. Write a summary of the equations for position,
velocity, and time for an object experiencing
uniformly accelerated motion.

Section 5.4

12. Explain why an aluminum ball and a steel ball
of similar size and shape, dropped from the
same height, reach the ground at the same
time.

13. Give some examples of falling objects for which
air Tesistance cannot be ignored.

14. Give some examples of falling objects for
which air resistance can be ignored.

108 A Mathematical Model of Motion

Applying Concepts
15. Figure 5-20 shows the velocity-time graph of
an accelerating car. The three “notches” in the
curve occur where the driver changes gears.
a. Describe the changes in velocity and
acceleration of the car while in first gear.
b.1Is the acceleration just before a gear change
larger or smaller than the acceleration just
after the change? Explain your answet.
16. Explain how you would walk to produce each
of the position-time graphs in Figure 5-21.

FIGURE 5-21

17. Use Figure 5-20 to determine during what
time interval the acceleration is largest and
during what time interval the acceleration is
smallest.

18. Solve the equation v = vy + at for acceleration.

19. Figure 5-22 is a position-tirfie graph of two
people running.

a. Describe the position of runner A relative to
runner B at the y-intercept.

b.Which runner is faster?

c. What occurs at point P and beyond?

S P B P
5 7 R A B
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FIGURE 5-22
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gure 5-23 is a position-time graph of the
,monon of two cars on a road.

Z¢ At what time(s) do the cars have the same
%;velocrty?

“"d.Over what time interval is car B speeding up
‘all the time? ‘
-e: Over what time interval is car B slowing -
we down all the time?
..Look at Figure 5-24.

7 What kind of motion is represented by a?

, b What does the area under the curve
: represent?

€. What kind of motion is represented by b?
d.What does the area under the curve

;. represent?

3

v

iURE 5-24

22,

23.

24,

25.

An object shot straight up rises for 7.0 s before
it reaches its maximum height. A second object
falling from rest takes 7.0 s to reach the
ground. Compare the displacements of the two
objects during this time interval.

Describe the changes in the velocity of a ball

thrown straight up into the air. Then describe

the changes in the ball’s acceleration.

The value of g on the moon is 1/6 of its value

on Earth.

a. Will a ball dropped by an astronaut hit the
surface of the moon with a smaller, equal, or
larger speed than that of a ball dropped from
the same height to Earth?

b.Will it take more, less, or equal time to fall?

Planet Dweeb has three times the gravitational

acceleration of Earth. A ball is thrown vertically

upward with the same initial velocity on Earth
and on Dweeb.

.a. How does the maximurn height reached by

the ball on Dweeb compare to the maximum

- height on Earth?

26.

Problems

b. If the ball on Dweeb were thrown with three
times greater initial velocity, how would that
affect your answer to a?

Rock A is dropped from a cliff; rock B is

thrown upward from the same position.

a. When they reach the ground at the bottom
of the cliff, which rock has a greater velocity?

b.Which has a greater acceleration?

¢. Which arrives first?

Section 5.1
LEVEL 1

27.

28.

Light from the sun reaches Earth in 8.3 min.
The velocity of light is 3.00 X 108 m/s. How far
is Earth from the sun?

You and a friend each drive 50 km. You travel
at 90 km/h; your friend travels at 95 km/h.
How long will your friend wait for you at the
end of the trip?
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32. Plot the data in Table 5-4 on a position-time 3
@) graph. Find the average velocity in the time :
interval between 0.0 s and 5.0 s.

TABLE 5-4
Position versus Time
Clock Reading, t ()

5.0

29. The total distance a steel ball rolls down an
==3 i1 cline at various times is given in Table 5-3.
a. Draw a position-time graph of the motion of
the ball. When sefting up the axes, use five

divisions for each 10 m of travel on the m

d-axis. Use five divisions for 1 s of time on .

the t-axis. 33. You drive a car for 2.0 h at 40 km/h, then for -3

b.What type of curve is the line of the graph? another 2.0 hat 60 km/h. o
a. What is your average velocity?

c. What distance has the ball rolled at the end ;
b. Do you get the same answer if you drive

of 2.2 st

. A cyclist maintains a constant velocity of 100 km at f:ach f)f the two §pee.ds?. 4,

+5.0 m/s. At time £ = 0.0, the cyclist is 34. Use the position-time graph in Figure 5-25t¢

1 550 m from point A. find how far the object travels 3

=l 5 Plot a position-time graph of the cyclist's a.between t=0sandt=40s.
b.between t = 40 s and t = 70 s.
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* Jocation from point A at 10.0-s intervals for
: 60.0 s. c. between t = 90 s and t = 100 s. 3
® b.What is the cyclist's position from point A 35. Do this problem on a worksheet. Both carA
o at 60.0 2 3 and car B leave school when a clock reads zei0
: c. What is the displacement from the starting Car A travels at a constant 75 km/h, and car B}
. position at 60.0 s? 4 travels at a constant 85 km/h. )
31. From the position-time graph in Figure 5-25, e aDrawa position-time graph showing the *2
construct a table showing the average velocity : motion of both cars.
of the object during each 10-s interval over the ~ ® b. How far are the two cars from school whep
entire 100 s. . the dock reads 2.0 h? Calculate the distance
‘ ° using the equation for motion and show =
x(m) . them on your graph. . i
500 ® . Both cars passed a gas station 120 km from]
400 pa the school. When did each car pass the, ga‘
i 5 station? Calculate the times and show the-'
° on your graph. 3
200 36. Draw a position-time graph for two cars driv
100 3 ing to the beach, which is 50 km from schog!
0 £(s) At noon Car A leaves a store 10 km closer 103
0 10 30 50 70 90 | 1e beach than the school is and drives 2 2
FIGURE 5-25 40 km/h. Car B starts from school at 12:3028

and drives at 100 km/h. When does each call
get to the beach?

110 A Mathematical Model of Motion
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- Later, when
atdg =000 lem moving at 48.0 km!h. Answer
the following questions, first, graphically by
crealing a position-time graph, and second,
algebraically by writing down equations for the
positions d, and dyasa function of the stop-
watch time, £. -
a. What will the watch read when car B passes
car Al :
b, At what position will car B pass car A?
c. When the cars pass, how long will it have
been since car A was at the reference point?
8. A car is moving down a street at 55 km/h. A
child suddenly runs into the street. If it takes
the driver 0.75 s to react and apply the brakes,
how many meters will the car have moved
before it begins to slow down?
Section 5.2
LEVEL L

39, Refer to Figure 5-23 to find the instantaneous
speed for
a.carBat2.0s.
b.carBat9.0s.
c.carAat2.0s.

40, Refer to Figure 5-26 to find the distance the
moving object travels between
a.t=0sandt=>5s.
b.t=5sandt=10s.
ct=10sandt=15s.
d.t=0sandt=25s.

v(m/s)
30
NN
20t/ ™ JF\ |
! e Eam
, T T TN 1 e
g 5 0 15 20 25 30

47, Two cars rave

48.0 km moving

| along a straight road. When a

= Aldsatd, =
watch reads 0.00 h, car A
e at a constant 36.0 km/h.

the watch reads t = 0.50 h, car B is

FIGURE 5-25

41. Find the instantaneous speed of the car in
Figure 5-20 at 15 s.

42. You ride your bike for 1.5 h at an average
velocity of 10 km/h, then for 30 min at
15 km/h. What is your average velocity?

43.Plot a velocity-time graph using the information

1l a.

b.

_ in Table 5-5, then answer the questions.

During what time interval is the object
speeding up? Slowing down?
At what time does the object reverse

-]

e direction?

e ¢ How does the average acceleration of the

o object in the interval between 0 s and 2 s

® differ from the average acceleration in the

. interval between 7 s and 12 s?

. TABLE5-5

: Velocity versus Time

: Time Velocity Time Velocity
» (s) (m/s) (s) {m/s)
. 0.0 4.0 7.0 12.0

; 1.0 8.0 8.0 8.0

o 20 12.0 8.0 4.0

p 3.0 14.0 10.0 0.0

® 40 16.0 11.0 —4.0

. 5.0 160 12.0 -8.0

. 6.0 14.0 J
Section 5.3
it e ]

44.7ind the uniform acceleration that causes a car's
velocity to change from 32 m/s to 96 my/s in an
8.0-s period.

45.Use Figure 5-26 to find the acceleration of the
moving object
a. during the first 5 s of travel.
b. between the fifth and the tenth second of

travel.

¢. between the tenth and the 15th second of travel.
d. between the 20th and 25th second of travel.
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a. What acceleration does the gun give this

object?
b. Over what time interval does the acceleration

46. A car with a velodity of 22 m/fs is accelerated
uniformly at the rate of 1.6 m/s* for 6.8 s.
What is its final velocity?

e TP W AR ol

| 47. A supersonic jet flying at 145 m/s is accelerated take place?
" uniformly at the rate of 23.1 m/s? for 20.0 s. 56. Highway safety engineers build soft bartiers so
a. What is its final velocity? that cars hitting them will slow down at a safe &
b.The speed of sound in air is 331 m/s. How rate. A person wearing a seat belt can withstand e C
many times the speed of sound is the plane’s ' an acceleration of —300 m/s?. How thick - :
final speed? should barriers be to safely stop a car that hits e d.
48. Determine the final velocity of a proton that a barrier at 110 km/h? : .
has an initial velodty of 2.35 % 10° m/s, and 57. A baseball pitcher throws a fastball at a speed ' =
L & then is accelerated uniformly in an electric field of 44 m/s. The acceleration occurs as the i . °
b at the rate of —1.10 X 1012 m/s? for 1.50 X pitcher holds the ball in his hand and movesit ¢ 4
P 1077 s. through an almost straight-line distance of : o f
L & Determine the displacement of a plane that is 3.5 m. Calculate the acceleration, assuming it .
i ' uniformly accelerated from 66 m/s to 88 m/s is uniform. Compare this acceleration to the g
‘ s in 12 s. acceleration due to gravity, 9.80 m/s2. { ° F
i How far does a plane fly in 158 while its : ¢ * I
\ 1 velocity is changing from 145 m/s to 75 m/s o . : s
- - 4 '_
\ : st UAfTTD. F2HC of acceleration? ok 58. Rocket—powered sleds are used to test the zlv .
A car moves at 12 m/s and coasts up a hill with . . § =
- uniform acceleration o 1 B responses of humans 1o acceleration. Starting :
. Llow far has it craveled after 6.0 82 from rest, one sled can reach a speed of 3 °
b, How far has it gone after 9.0 87 444 m/s"m‘l.SO s and can be brought to 2 3 :
52.A plane travels 5.0 X 102 m while being accel- stop again in 2.15 & : E * L
orated uniformly from rest pe— a. Calcr.llate the acceleran.on of the sled.when $ )
5.0 m/s”. What final velocity does it attain? g _andlcompare ieio t'he magmtudze g % !
A race car can be slowed with a constant accel- ﬂ?e ROEEIETAtAN d‘:xe to gravity. 9.8 m/s”. ¥ i
eration of —11 m Is2. b.Flnd.the acceleration c?f the sled whe.n . &
a. If the car is going 55 m/s, how many meters braking and c pripazeriv 1o tbe magnitude o 3
will it take 10 stop? the accelera‘itlorvl due to gravity. -
- b.How many meters will it take to stop a car 59. sy elcicu:y—nme graph for each of the j -
1] going twice as fast! graphs in Figure B-23 :
: 54. An engineer must design a runway to accom- ]
ah modate airplanes that must reach a ground
L velocity of 61 m/s before they can take off.
: These planes are capable of being accelerated
aniformly at the rate of 2.5 m/s?. FIGU
a. How long will it take the planes to reach 6L 1

takeoff speed?

b.What must be the minimum length of the FIGURE 5-27
runway?

55. Engineers are developing new types of guns

that might someday be used to launch satellites

as if they were bullets. One such gun can give a

small object a velocity of 3.5 km/s, moving it

through only 2.0 cm.

112 A Mathematical Model of Motion
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The velocity of an automobi'le changes over an

*S.D-s.time period as shown in Table 5~6.'

| 2, Plot the velocity-time graph of the motion.

b. Determine the displacement of the car
during the first 2.0 5. |

. What displacement does the car have during

the first 4.0 87 _
d.What displacement does the car have during

the entire 8.0 s?

e. Find the slope of the line between t = 0.0 s
and £ = 4.0 s. What does this slope
represent?

£ Find the slope of the line between t = 5.0's
and t = 7.0 s. What does this slope indicate?

~

A
ni® o

Velocity versus Time

Time Velocity Time Velocity
(s) (m/s) (s) (m/s)
0.0 0.0 5.0 20.0
1.0 40 6.0 '20.0
2.0 8.0 70 20.0
3.0 12.0 8.0 20.0
4.0 16.0

2 10

2 5N

5 AN

E o P i} -

8 R

2 -5 i

30
= >

~ 0 T

2 [ ~r—

£ =5

-

g =10 7

2 =15

5 10 15 20 25 30 35
Time (ms)
FIGURE 5-238

. 61. Figure 5-28 shows the position-time and

velocity-time graphs of a karate expert’s fist as

it breaks a wooden board.

a. Use the velocity-time graph to describe the
motion of the expert’s fist during the first
10 ms.

b. Estimate the slope of the velocity-time graph
to determine the acceleration of the fist
when it suddenly stops.
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62.

(2]
=

c. Express the acceleration as a multiple of the
gravitational acceleration, g = 9.80 m/s?.
d.Determine the area under the velocity-time
curve to find the displacement of the fist in
the first 6 ms. Compare this with the
position-time graph.
The driver of a car going 90.0 km/h suddenly
sees the lights of a barrier 40.0 m ahead. It
takes the driver 0.75 s to apply the brakes, and
the average acceleration during braking is
—10.0 m/s?.
a. Determine whether the car hits the barrier.
b.What is the maximum speed at which the car
could be moving and not hit the barrier
40.0 m ahead? Assume that the acceleration
rate doesn't change.

. The data in Table 5-7, taken from a driver's
9] handbook, show the distance a car travels
when it brakes to a halt from a specific initial
] velocity.

TABLE 5-7

Initial Velocity versus
Braking Distance
Initial Velocity Braking Distance
(m/s) (m)
11 10
15 20
20 34
25 50
29 70

a. Plot the braking distance versus the initial
velocity. Describe the shape of the curve.

b. Plot the braking distance versus the square of
the initial velocity. Describe the shape of the
curve,

c. Calculate the slope of your graph from part
b. Find the value and units of the quantity
1/slope.

d.Does this curve agree with the equation
vy2 = —2ad? What is the value of a?

. As a traffic light turns green, a waiting car starts
with a constant acceleration of 6.0 m/s?. At the
instant the car begins to accelerate, a truck with
a constant velocity of 21 m/s passes in the next
lane.
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a. How far will the car travel before it overtakes
the truck?

b. How fast will the car be traveling when it
overtakes the truck?

65. Use the information given in problem 64.

a. Draw velocity-time and position-time graphs
for the car and truck.

b. Do the graphs confirm the answer you
calculated for problem 642

Section 5.4

66. An astronaut drops 2 feather from 1.2 m above
the surface of the moon. If the acceleration of
gravity on the moon is 1.62 m/s? downward,
how long does it take the feather to hit the
moon's surface?

67. A stone falls freely from rest for 8.0s.

a. Calculate the stone’s velocity after 8.0 s.
b.What is the stone’s displacement during this
time?

68. A student drops a penny from the top of a tow-
er and decides that she will establish a coordi-
nate system in which the direction of the pen-
ny's motion is positive. What is the sign of the

acceleration of the penny?
@ A bag is dropped from a hovering helicopter.
When the bag has fallen 2.0 s,
a. what is the bag's velocity?
. b.how far has the bag fallen?
) A weather balloon is floating at a constant
=~ height above Earth when it releases a pack of
instrurments.
a. If the pack hits the ground with a velocity of
—73.5 m/s, how far did the pack fall?
b. How long did it take for the pack to fall?
71. During a baseball game, a batter hits a high
pop-up. 1f the ball remains in the air for 6.0's,
how high does it rise? Hint: Calculate the
height using the second half of the trajectory.

772. Table 5-8 gives the positions and velocities of
a ball at the end of each second for the first
5.0 s of free fall from rest.

a. Use the data to plot a velocity-time graph.
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b. Use the data in the table to plot a position-
time graph.

c. Find the slope of the curve at the end of
2.0 s and 4.0 s on the position-time graph.

velocity?

d.Use the data in the table to plot a
position-versus—time-squated graph. What
type of curve is obtained?

e. Find the slope of the line at any point.
Explain the significance of the value.

f. Does this curve agree with the equation
d=1/2 gt*? 3

“JABLE 5-8
Position and Velocity in Free Fall

Position (m) | Velocity (m/s) |

73. The same helicopter in problem 69 is rising at
5.0 m/s when the bag is dropped. After 2.0 s
a.what is the bag's velocity?
b.how far has the bag fallen?
¢. how far below the helicopter is the bag!

74. The helicopter in problems 69 and 73 now
descends at 5.0 m/s as the bag is released. After
2.0s,

,
R e

Do the values agree with the table of ]

a. what is the bag's velocity?
b.how far has the bag fallen?
c. how far below the helicopter is the bag?
75. What is common to the answers to problems
69, 73, and 741
76. A tennis ball is dropped from 1.20 m above the
ground. It rebounds to a height of 1.00 m-. ;3
a. With what velocity does it hit the ground? 4
b.With what velocity does it leave the groun® =
c. 1f the tennis ball were in contact with the
ground for 0.010 s, find its acceleration
while touching the ground. Compare the
acceleration to §.
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Eritical Thinking Pmﬁiems‘ —
© 27 An express train, traveling at 36.0 m/s, is acci-
“: dentally sidetracked onto a local train track.
"\ The express engineer spots a local train exactly

. 100 % 102 m ahead on the same track and

traveling in the same direction. The local engi-
aeer is unaware of the situation. The express
engineer jams on the brakes and slows the
ress at a constant rate of 3.00 m/s?. If the
* gpeed of the Jocal train is 11.0 m/s, will the
© express train be able to stop in time or will
there be a collision? To solve this problem,
take the position of the express train when it
first sights the local train as a point of origin.
Next, keeping in mind that the local train has
exactly a 1.00 X 102 m lead, calculate how far

Going Further

=y Applying Calculators Members of a physics
class stood 25 m apart and used stopwatch-
| es to measure the time a car driving down

the highway passed each person. The data
they compiled are shown in Table 5-9.

®
g B

each train is from the origin at the end of the Position versus Time
‘12.0's it would take the express train to stop. Time Position Time Position
a. On the basis of your calculations, would (s) (m) (s) (m)
you conclude that a collision will occur? 0.0 0.0 59 1250
b.The calculations you made do not allow for 13 25.0 7.0 150.0
the possibility that a collision might take 27 50.0 8.6 175.0
place before the end of the 12 s required for 386 75.0 103 200.0
the express train to come to a halt. To check 5.1 100.0 J
this, take the position of the express train o —

when it first sights the local train as the
point of origin and calculate the position of
each train at the end of each second after
sighting. Make a table showing the distance
of each train from the origin at the end of
each second. Plot these positions on the
same graph and draw two lines. Use your 8 .
graph to check your answer to part a. iﬂtg rN ET
78. Which has the greater acceleration: a car that mm .

increases its speed from 50 to 60 km/h, ora .
bike that goes from 0 to 10 km/h in the same Follow the link on the Glencoe Homepage at

time? Explain. www.glencoe.com/sec/science
You plan a car trip on which you want to aver- to find out more about this chapter.
age 90 km/h. You cover the first half of the

distance at an average speed of only 48 km/h.

What must your average speed be in the sec-

ond half of the trip to meet your goal? Is this

reasonable? Note that the velocities are based

on half the distance, not half the time.

se a graphing calculator to fit a line to a
position-time graph of the data and to plot this
line. Be sure to set the display range of the
graph so that all the data fit on it. Find the
slope of the line. What was the speed of the car?
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