o Rt

g mE

Describing Motion

WW You'll Learn W@ it’s Important New Vocabulary

@ Interpret motion graphs. % Review Vocabulary

. e distance
@ Distinguish between distance Understanding the nature of motion 4 displacement
and displacement. and how to describe it helps you o speed

Explain the difference between understand why motion occurs.

. e average speed
speed and velocity.

e instantaneous speed

e velocity
instantaneous: occurring at a par-

ticular instant of time

Figure 1 This mail truck is in ;”5‘.3

HioLRT: box. Motion occurs when an object changes its position relative

Infer fowdoy ;Ju iy fhemait o to a reference point. The motion of an object depends on the

LA » reference point that is chosen. For example, the motion of the
mail truck in Figure 1 would be different if the reference point
were a car moving along the street, instead of a mailbox.
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Motion

Are distance and time important in describing running
events at the track-and-field meets in the Olympics? Would the
winners of the 5-km race and the 10-km race complete the run
in the same length of time?

Distance and time are important. In order to win a race, you
must cover the distance in the shortest amount of time. The
time required to run the 10-km race should be longer than the
time needed to complete the 5-km race because the first distance
is longer. How would you describe the motion of the runners in
the two races? -

Motion and Position You don’t always need to see some-
thing move to know that motion has taken place. For example,
suppose you look out a window and see a mail truck stopped
next to a mailbox. One minute later, you look out again and see
the same truck stopped farther down the street. Although you
didn’t see the truck move, you know it moved because its posi-
tion relative to the mailbox changed. 4% Z2_

A reference point is needed to determine the position of an-
object. In Figure 1, the reference point might be a tree or a mail-




Frame of Reference After a reference point is chosen, a
frame of reference can be created. A frame of reference is a coor-
dinate system in which the position of the objects is measured.
The x-axis and y-axis of the reference frame are drawn so that
they intersect the reference point.

Distance In track-and-field events, have you ever run a 50-m
- dash? A distance.of 50 m was marked on the track or athletic field
to show you how far to run. An important part of describing the
motion of an object is to describe how far it has moved, which is

Hﬂtance “The SI unit of length or distance is the meter (m). i’é

Longer T distances are measured in kilometers (km). One kilome- 2t
ter is equal to 1,000 m. Shorter distances are measured in cen-
timeters (cm). One meter is equal to 100 centimeters.

Displacement Suppose a runner jogs to the 50-m mark and
then turns around and runs back to the 20-m mark, as shown in
Figure 2. The runner travels 50 m in the original direction :
(north) plus 30 min the opposite direction (south), so the total :
distance she ran is 80 m. How far is she from the starting line?

Moving Through Space
Using the Sun as your
reference point, you are
moving about 30 km
through space every second.
What is this speed in
meters per second?

g

-The answer is 20 m. Somietimes you may want to know not only%gﬁgure 2 Piciance-and displace.

your distance but also your direction from a reference point,
such as from the starting point. Displacement is the distance
“and direction of an object’s change in p051t10n from the starting
point. The runner’s displacement in Figure 2 is 20 m north.
~ The length of the runner’s displacement and
the distance traveled would be the same if the
runner’s motion was in a single direction. If the
runner ran from the starting point to the finish
line in a straight line, then the distance traveled
would be 50 m and the displacement would be
50 m north.

2 How do distance and
¥ displacement differ?

Speed

Think back to the example of the mail truck’s
motion in Figure 1. You could describe the
movement by the distance traveled and by the
displacement from the starting point. You also
might want to describe how fast it is moving. To
do this, you need to know how far it travels in a

ment are not the same. The runner's
displacement is 20 m north of the
starting line. However, the total
distance traveled is 80 m.

given amount of time. Speed is the distance an
object travels per unit of time.
4t (O

Distance traveled =

Displacement = 20 m north of starting Ilne

50m+30m=80m

A&fﬁ
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Calculating Speed Any change over time is called a rate. If
you think of distance as the change in position, then speed is the
rate at which distance is traveled or the rate of change in position.

e 2l SRR R R T

distance (in meters)

;t . .SPEed (in meters/second) = R T
3 d
s=— dF 12

f

The SI unit for distance is the meter and the SI unit of time is
the second (s), so in SI, units of speed are measured in meters per
second (m/s). Sometimes it is more convenient to express speed
in other units, such as kilometers per hour (km/h). Table 1 shows
some convenient units for certain types of motion.

Solve a One-Step Ec:;uation

CALCULATING SPEED A car traveling ata constant speed covers a distance of 750 m in 25 s.
What is the car’s speed?
TUENEA known values and the unknown value
Identify the known values:
covers a distance of 750 m d=750 m
in25s @ E=125 5
Identify the unknown value:
What is the car’s speed? I s=2¢m/s
Does your answer seem reasonable? Check your answer by multiplying the time by the
speed. The result should be the distance given in the problem.
- Practice Prohlems ~
1. A passenger elevator operates at an average speed of 8 m/s. If the 60th ﬂoog;jg_ﬂ;z;_l& m above
the first floor, how long does it take the elevator to go from the first floor to the 60th floor?
2. A motorcyclist travels an average speed of 20 km/h. If the cyclist is going to a friend’s house
5 km away, how long does it take the cyclist to make the trip?
For more practice pfob!ems go to page 834, and visit cpsciansz.com/axira nroblems.
Y 7
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Unit of Examples of Uses Approximate
~Speed ¢ , . Speed
km/s rocket escaping Earth’s - 11.2km/s

' - atmosphere |

km/h1 .cérrtt;ravelingathighwayspeed 100 km/h

an/yr geological plate movements %2cm/yr—17(m/yr

‘Motion with Constant Speed Suppose you are in a car trav-
eling on a nearly empty freeway. You look at the speedometer and

‘see that the car’s speed hardly changes. If the car neither slows down 413
nor speeds up, the car is traveling at'_;constant speed. If you are :
traveling at a constant speed, you can measure your speed over any
distance interval.

. | Science®nline
Changing Speed Usually speed is not constant. Think about : | Topic: Running Speeds
riding a bicycle for a distance of 5 km, as in Figure 3. As you start Visitgpscienpe.com far Wb links
out, your speed increases from 0 km/h to 20 km/h. You slow down 0 '”‘;‘”"}at“’.“ abouFthT rnning
to 10 km/h as you pedal up a steep hill and speed up to 30 km/h : Sp,ee_ 5_0 variot animat:

going down the other side of the hill. You stop for a red light, : Bctavaty Jnyoursdencs Inuiml,
speed up again, and move at a constant speed for a while. Finally, : ?::ZT;EVZ fr::;;:?:?i::'::::s
you slow down and then stop. Checking your watch, you find that o
the trip took 15 min. How would you express your speed on such
a-trip? Would you use your fastest speed, your slowest speed, or
some speed between the two?

Going down-[\
26 hill

lembing f
steep hill ;

g Stopping f |

= or §

;E; f\ \redl;ightg , Figure 3 The graph shows how

5 15 . the speed of a cyclist changes

;‘..;_ ‘ Constant speed f during a trip.

Y10 i f X - Explain how you describe the
s;;g':;g f \ speed of an object when the speed

5 \ . ischanging.
= Distance L
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Figure 4 The speed shown on

0250968 4.\ 65

the speedometer gives the instan-

taneous speed—the speed at one
instant in time.

(S

Describing the Motion
of a Car

Procedure

1.

Mark your starting point
on the floor with tape.

. At the starting line, give

your toy car a gentle push
forward. At the same time, .
start your stopwatch.

. Stop timing when the car

comes to a complete stop.
Mark the spot on the floor
at the front of the car with
a pencil. Record the time
for the entire trip.

Use a meterstick to meas-
ure the distance to the near-
est tenth of a centimeter
and convert it to meters.

Analysis

Calculate the speed. How
would the speed differ if you
repeated your experiment in
exactly the same way but the
car traveled in the opposite
direction?

42
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Average Speed Average speed describes speed of motion
when speed is changing. Average speed is the total distance trav-
eled divided by the total time of travel. It can be calculated using
the relationships among speed, distance, and time. For the bicy-
cle trip just described, the total distance traveled was 5 km and
the total time was 1/4 h, or 0.25 h. The average speed was:

£ 025h

= 20 km/h

Instantaneous Speed Suppose you watch a car’s speed-
ometer, like the one in Figure 4, go from 0 km/h to 60 km/h. A
speedometer shows how fast a car is going at one point in time
or at one instant. The speed shown on a speedometer is the
instantaneous speed. Instantaneous speed is the speed at a
given point in time.

Changing Instantaneous Speed When something is-
speeding up or slowing down, its instantaneous speed is chang-
ing. The speed is different at every point in time. If an object is
moving with constant speed, the instantaneous speed doesn’t
change. The speed is the same at every point in time.

7 What are two examples of motion in which the
¥ jnstantaneous speed changes?

Graphing Motion

The motion of an object over a period of time can be shown
on a distance-time graph. Time is plotted along the horizontal
axis of the graph and the distance traveled is plotted along the ver-
tical axis of the graph. If the object moves with constant speed, the
increase in distance over equal time intervals is the same. As a
result, the line representing the object’s motion is a straight line.

For example, the graph shown in Figure 5 represents the
motion of three swimmers during a 30-min workout. The
straight red line represents the motion of Mary, who swam with
a constant speed of 80 m/min over the 30-min workout. The
straight blue line represents the motion of Kathy, who swam
with a constant speed of 60 m/min during the workout.

The graph shows that the line representing the motion of the
faster swimmer is steeper. The steepness of a line on a graph is the
slope of the line. The slope of a line on a distance-time graph equals
the speed. A horizontal line on a distance-time graph has zero slope,
and represents an object at rest. Because Mary has a larger speed
than Kathy, the line representing her motion has a larger slope.



Changing Speed The green line represents the motion of
julie, who did not swim at a constant speed. She covered 400 m
at a constant speed during the first 10 min, rested for the next
10 min, and then covered 800 m during the final 10 min.
During the first 10 min, her speed was less than Mary’s or
Kathy’s, so her line has a smaller slope. During the middle
period her speed is zero, so her line over this interval is hori-
zontal and has zero slope. During the last time interval
she swam as fast as Mary, so that part of her line has the
same slope.

Piotting a Distance-Time Graph On a distance-time
graph, the distance is plotted on the vertical axis and the time
on the horizontal axis. Each axis must have a scale that covers
the range of numbers to be plotted. In Figure 5 the distance
scale must range from 0 to 2,400 m and the time scale must
~range from 0 to 30 min. Then, each axis can be divided into
equal time intervals to represent the data. Once the scales
for each axis are in place, the data points can be plotted.
After plotting the data points, draw a line connecting the
points.

2,400
[ [

2,200 — Mary swam at a constant speed of
80 m/min. Her speed was the fastest,

s U

Sciencegy il 1T
Topic: Olympic Swimming
Speads

Visit apaciencs com for Web links

to information about the speeds of
Olympic swimmers over the past
60 years.

Activity Make a speed-year
graph showing the swimming
speeds over time. Are there any
trends in the speed data?

Figure 5 Theslopeofaline ona
distance-time graph gives the speed
‘ of an object in motion.

| . identify the part of the graph that
shows one of the swimmers resting

0 & . 10 20 30
: Time (min)

2,000 [ so this line has the steepest slope. for 10 min.
1,800 \ 7
At first Julie \ pd
1,600 ; | 2
swam with . ) A{_\J Kathy swam with a
E 1,400 [— aipeen of ;f constant speed of
T 40 m/min. ff“é 60 m/min. The slope
£ 1,200 (— Th-e S_IDP,E of ' of this line is less than
g thisdingis / the slope of Mary's line.
S 1,000 |— less than
Kathy's line. L |
800 V] ff \J Here Julie's speed was
' \ J /@'f 80 m/min. The slope of
600 £ this line is the same as
' \ Mary’'s line.
400 ;
\
P
.- /] NereJulie‘sspeed was 0 m/min.
/ The slope of this line is 0 m/min.
O Z/ W | | ]
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Figure 6 The speed of a storm is
not enough information to plot the

path. The direction the storm is
moving must be known, too.

:I:f'/zor

Figure 7 Foran object to have

constant velocity, speed and direc-

tion must not be changing.

The people on these two escalators have the same
speed. However, their velocities are different
because they are traveling in opposite directions.

Velocity
You turn on the radio and hear the tail end of
a news story about a hurricane, like the one in
Figure 6, that is approaching land. The storm,
traveling at a speed of 20 km/h, is located 100 km
east of your location. Should you be worried?
Unfortunately, you don’t have enough infor-
mation to answer that question. Knowing only
the speed of the storm isn’'t much help. Speed
describes only how fast something is moving. To
decide whether you need to move to a safer area,
you also need to know the direction that the
storm is moving. In other words, you need to
know the velocity of the storm. Velocity includes the speed of an
object and the direction of its motion. 4 & =
Escalators like the one shown in Figure 7 are found in shop-
ping malls and airports. The two sets of passengers pictured are
moving at constant speed, but in opposite directions. The
speeds of the passengers are the same, but their velocities are dif-
ferent because the passengers are moving in different directions.
Because velocity depends on direction as well as speed, the
velocity of an object can change even if the speed of the object
remains constant. For example, look at Figure 7. The race car

has a constant speed and is going around an oval track. Even
though the speed remains constant, the velocity changes
because the direction of the car’s motion is changing constantly.

5}

The speed of this car might be constant, but its
velocity is not constant because the direction of
motion is always changing.
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