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111 -11 Distance and Displacement 

Reading Focus 

Key Conce pts 
Q What is needed to describe 

motion completely? 
Q How are distance and 

displacement different? 
Q How do you add 

displacements? 

L·~ ;;;r_· ~- ½'\.i/' -••~ , _.1 l s, 
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Vocabulary 
• frame of reference 
• relative motion 
• distance 
• vector 
• resultant vector 

Reading Strategy 
Predicting Copy the table below and w .t , f , . n e a definition for ,rame o re,erence in your ow 
words. After you read t~e s~~tion, compare n 
your definition to the sc1ent1f1c definition and 
explain why the frame of reference is important. 

Frame of reference 
probably means 

a._7_ 

Frame of reference 
actually means 

b._7_ 

0 n a spring day a butterfly flutters past. First it flies quickly, then 
slowly, and then it pauses to drink nectar from a flower. The butterfly's 
path involves a great deal of motion. 

How fast is the butterfly moving? Is it flying toward the flower or 
away from it? These are the kinds of questions you must answer to 
describe the butterfly's motion. To describe motion, you must state the 
direction the object is moving as well as how fast the object is moving. 
You must also tell its location at a certain time. 

Choosing a Frame of Ref e ¼~G?; nce 
How fast is the butterfly in Figure 1 moving? Remember that the 
butterfly is moving on Earth, but Earth itself is moving as it spins on 
its axis and revolves around the sun. If you consider this motion, the 
butterfly is moving very, very fast! 

To describe motion accurately and completely, a frame 
of reference is necessary. The necessary ingredient of a description of 
motion-a frame of reference-is a system of objects that are not 
moving with respect to one another. The answer to "How fast is the 
butterfly moving?" depends on which frame of reference you use to 
measure motion. How do you decide which frame of reference to use 
when describing the butterfly's movement? 

Figure 1 You must choose a frame of reference to tell 
how fast the butterfly is moving. 
Applying Concepts Identify a good frame of reference 
to use when describing the butterfly's motion. 



How Fast Are You Moving, H £ . . . < • ow ast are the tram passen-
gers in Figure 2 movmg. There are many correct answers because their 
motion is relative. This means it depends on the frame of reference 
you choose to measure their motion. Relative motion is movement in 
relation to a frame of re:erence. For example, as the train moves past 
a platform, people standmg on the platform will see those on the train 
speeding by. But when the people on the train look at one another, 
they don't seem to be moving at all. 

Which Frame Should You Choose? When you sit on a 
train and look out a window, a treetop may help you see how fast you 
are moving relative to the ground. But suppose you get up and walk 
toward the-rear of the train. Looking at a seat or the floor may tell you 
how fast you are walking relative to the train. However, it doesn't tell 
you how fast you are moving relative to the ground outside. Choosing 
a meaningful frame of reference allows you to describe motion in a 
clear and relevant manner. 

Measuring Distance 
Distance is the length of a path between two points. When an object 
moves in a straight line, the distance is the length of the line connect-
ing the object's starting point and its ending point. 

It is helpful to express distances in units that are best suited to 
the motion you are studying. The SI unit for measuring distance is the 
meter (m). For very large distances, it is more common to make meas-
urements in kilometers (km) . One kilometer equals 1000 meters. For 
i~stance, it's easier to say that the Mississippi River has a length of 3780 
kilometers than 3,780,000 meters. Distances that are smaller than a meter 
are measured in centimeters (cm). One centimeter is one hundredth of 
a meter. You might describe the distance a marble rolls, for example, as 
6ce · nt1meters rather than 0.06 meter. 

Figure 2 To someone riding on a 
speeding train, others on the 
train don't seem to be moving. 

cGo 9.~!n~ 
. SCf tNKS 

For: links on comparing 
frames of reference 
Visit: www.Scilinks.org 
Web Code: ccn-2111 
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~ Quick Lab 

Comparing Distance 
and Displacement 
Procedure 
1. Draw a dot at the 

intersection of two lines 
near the bottom edge of a 
sheet of graph paper. 
Label the dot "Start." 

2. Draw a second, similar dot 
near the top of the paper. 
Label this dot "End." 

3. Draw a path from the 
Start dot to the End dot. 
Choose any path that stays 
on the grid lines. 

4. Use a ruler to determine 
the distance of your path. 

5. Use a ruler to determine 
the displacement from start 
to end. 

Analyze and Conclude 
1. Observing Which is 

shorter, the distance 
or the displacement? 

2. Evaluating and Revising 
How could you have made 
the distance shorter? 

3. Inferring If you keep the 
Start and End points the 
same, is it possible to make 
the displacement shorter? 
Explain your answer. 

Figure 3 When motion is 
in a straight line, vectors 
add and subtract easily. 
A Add the magnitudes of 
two displacement vectors 
that have the same direction. 
B Two displacement vectors 
with opposite directions 
are subtracted from 
each other. 
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. Displacements Measuring . . . 
. . ect's osition relative to a g1~en ~oint, You ne 

To describe an obJ d~ what direction the obJect 1s from t~. ed to 
know how far away.: :is information. Distance is the·l:t Point, 
Displacement prov1 es lnts Displacement is the direction frngth of 
th th between two pOu• . . . Oil} th 

e p_a . d th length of a straight line from the starting . e startmg pomt an e Po1tt1 
to the ending point. h · · d' 

Dis lacements are sometimes used w en g1v1~g irections. Tel!in 
p "W 1k 5 blocks" does not ensure they 11 end up in the . g 

someone to a h fr h right . "Walk s blocks nort om t e bus stop" place. However, saying . . . wil] 
h t the right place. Accurate direct10ns give the dire t· get t e person o d' c ion . • ell as the 1stance. from a starting point as w 
Think about the motion of a roller coaster car. ~f you measure the 

path along which the car has tra~eled, you are descnbmg distance. The 
direction from the starting pomt to the car and the length of the 
straight line from the starting point to the car describe displacement. 
After completing one trip around the track, the roller coaster car's dis. 
placement is zero. 

Combining Displacements 
Displacement is an example of a vector. A vector is a quantity that has 
magnitude and direction. The magnitude can be size, length, or amount. 
Arrows on a graph or map are used to represent vectors. The length of 
the arrow shows the magnitude of the vector. Vector addition is the com-
bining of vector magnitudes and directions. Add displacements 
using vector addition. 

Displacement Along a Straight Line When two displace-
ments, represented by two vectors, have the same direction, you can add 
their magnitudes. In Figure 3A, the magnitudes of the car's displacements 
are 4 kilometers and 2 kilometers. The total magnitude of the displace-
ment is 6 kilometers. If two displacements are in opposite directions, the 
magnitudes subtract from each other, as shown in Figure 3 B. Because the 
car's displacements ( 4 kilometers and 2 kilometers) are in opposite direc-
tions, the magnitude of the total displacement is 2 kilometers. 

0 
Start 

2km 

2 3 4 5 6 
Finish 

4 km + 2 km = 6 km 

m: : 2kmj 
' ' ' ' 

I , a · , ..-,- e: 
_::4~km~-i-' - - - -~: 

;...i ~-...;.--,--,---;-

0 2 3 4 

Start Finish 

4 km - 2 km = 2 km 



iacement T_hat Isn't Along a Straight Path 
plSP tWO or more displacement vectors have different directions, 
,vben b" d b h" · \ ay be com me Y grap mg. Figure 4 shows vectors repre-

. the resultant 
Figure 4 Me~sunngl red line) 
vector (the d1ag;_nalacement from 
shows t~at the t~phis school is 
the boys hometh n the distance 
two blocks less a t]leY_ rri the movement of a boy walking from his home to school. 

sent1ngts by walking 1 block east. Then he turns a corner and walks ,1 star 
r,e k north. He turns once again and walks 

he actually traveled . 

I block east For the last part of his trip to school blOC s . , 
2 walks 3 blocks n~rth. The lengths of the vec-
ne resenting this path are 1 block, 1 block, ors rep k 
t ks and 3 bloc s. 2 bJOC , . 

The boy wal~ed a ~ota~ distance of 7 blocks. 
n determine this distance by adding the You ca 

·tudes of each vector along his path. r11agn1 
The vector in red is called the resultant vector, 

h. his the vector sum of two or more vectors. In 
w K d" 1 . ase it shows the isp acement. The resultant thJS C > 

t r Points directly from the starting point to vec o 
the ending point. If you place a sheet of paper on 
the figure and mark the length of the resultant 
vector, you see that it equals the length of 5 blocks. 
Vector addition, then, shows that the boy's dis -
placement is 5 blocks appro~imately northeast, 
while the distance he walked is 7 blocks. 

t Section 11. 1 Assessment 

Reviewing Concepts 
1. What is a frame of reference? How is 

it used to measure motion? 
2. How are distance and displacement 

similar and different? 
3. How are displacements combined? 
4. A girl who is watching a plane _fly tells her 

friend that the plane isn't moving at all. 
Describe a frame of reference in which 
the girl's description would be true. 

Critical Thinking . 
5. Using Analogies Is displacement more hk~ 

the length of a rope that is pu_lled tight or t e 
length of a coiled rope? Explain . 

6. Making Judgments Would you m~asure 
the height of a building in meters? Give 
reasons for your answer. 

7. Problem Solving Should your directions to 
a friend for traveling from one city to another 
include displacements or distances? Explain . 

8. Inferring The resultant vector of two 
particular displacement vectors does not 
equal the sum of the magnitudes of the 
individual vectors. Describe the directions 
of the two vectors. 

difuD in Science ~1:--------, 

Compare-Contrast Paragraph Write a 
paragraph describing how the distance you 
travel from home to school is different from 
your displacement from home to school. 
(Hint: Make a simple sketch similar to Figure 4 
and refer to it as you write.) 
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l 1.2 Speed and Velocity 

Reading Focus 

Key Concepts 
Q How are instantaneous 

speed and average 
speed different? 

Q How can you find 
the speed from a 
distance-time graph? 

Q How are speed and 
velocity different? 

Q How do velocities add? 

Figure 5 The speed of an in-line 
skater is usually described in 
meters per second. The speed 
of a car is usually described in 
kilometers per hour. 

332 Chapter 11 

Vocabulary Reading Strategy 
Monitoring Your Understanding After 
you have finished reading this section, copy 
the table below. Identify several things you 
have learned that are relevant to your life. 
Explain why they are relevant to you. 

• speed 
• average speed 
• instantaneous 

speed 
• velocity 

What Is Relevant Why It Is Relevant 

a._7_ b._7_ 

c . ..l.,__ d. 7 

e._7_ f . ? 

Look out a window for a few minutes, and you will see things in 
motion. Some things are moving slowly. Perhaps you see a leaf float-
ing through the air. Other things, such as a car or a bird, are moving 
fast. The growth rate of trees and grass is so slow that their motion 
cannot be detected with the unaided eye. The differences among these 
types of motion can be described in terms of speed. 

Speed 
To describe the speed of a car, you might say it is moving 
at 45 kilometers per hour. Speed is the ratio of the distance 
an object moves to the amount of time the object moves. 
The SI unit of speed is meters per second (mis). However, 
just as with distances, you need to choose units that make 
the most sense for the motion you are describing. The in-
line skater in Figure 5 may travel 2 meters in one second. 
The speed would be expressed as 2 mis. A car might travel 
80 kilometers in one hour. Its speed would be expressed as 
BOkmlh. 

Two ways to express the speed of an object are a\'erage 
speed and instantaneous speed. Average speed i~ com· 
puted for the entire duration of a trip, and instantaneous 
speed is measured at a particular instant. In different sit-
uations, either one or both of these measurements rr,ay be 
a useful way to describe speed. 



rage Speed Describing the speed of a hiker isn't as easy as 
!a'le 'bing constant speed along a straight line. A hiker may travel slowly desert b h . 

rocky areas ut t en travel qmckly when going downhill. Some-
a]ong ful kn h c . . . ·t is use to ow ow iast something moves for an entire tnp. runes i - . h al . 

ge speed, v, 1s t e tot distance traveled d divided by the ;.-vera . . '. ' . 
. 1 it takes to travel that distance. This can be wntten as an equatwn: tillle, ' 

Average speed = Total distance _ d 
Average Speed 7 

Total time ' or v = t 

During the time an object is moving, its speed may change, but 
this equation tells you the average speed over the entire trip. 

Calculating Average Speed 
While traveling on vacation, you measure the times and distances 
traveled. You travel 35 kilometers in 0.4 hour, followed by 53 
kilometers in 0.6 hour. What is your average speed? 

-0, Read and Understand 
What information are you given? 

Total Distance ( d) = 35 km + 53 km = 88 km 
Total Time (t) = 0.4 h + 0.6 h = 1.0 h 

Plan and Solve 
What unknown are you trying to calculate? 

Average Speed (v) = ? 

cGo . nlin~ 
L----..... 5Cf1NKS 

For: Links on motion 
Visit: www.SciLinks.org 
Web Code: ccn-2112 

7 
1. A person jogs 4.0 kilometers in 

32 minutes, then 2.0 kilometers 
in 22 minutes, and finally 
1.0 kilometer in 16 minutes. 
What is the jogger's average 
speed in kilometers per minute? 

2. A train travels 190 kilometers 

What formula contains the given quantities and 
the unknown? 

- d v= t 

in 3.0 hours, and then :J20 

l kilometers in 2.0 hours. What 
is its average speed? 

Replace each variable with its known value. 

V- - 88 km = 88km/h - 1 h 

Look Back and Check 
Is your answer reasonable? 

Yes, 88 km/h is a typical highway speed. 

I 
For: Activity on the movement of 

Earth's plates 
Visit: PHSchool.com 
Web Code: ccc-211 2 
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Figure 6 The speedometer in 
a car measures the car's instant-
aneous speed. Note the scale 
markings are given both in km/h 
and miles per hour, mph. 

Figure 7 The slope of the line 
on a distance-time graph 
indicates the speed of the object. 
Using Graphs If the car in Figure 
7A required less time to travel a 
given distance, how would the 
slope change? 

m 
- Constant High Speed 
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.S 300 
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I t t Ous Speed Average speed is useful because . ns an ane . h II lets 
kn h I g a trip will take. Sometrmes owever, such as h you ow ow on w en 

d . • h h" hway you need to know how fast you are . nvmg on t e 1g , . go,0 . ul ment The car's speedometer gives your inst g at a part1c ar mo · anta 
d Instantaneous speed, v, is the rate at which an obJ· · neous spee . ect is 

moving at a given moment in time. For example, you could describ 
the instantaneous speed of the car in Figure 6 as 55 km/h. e 

L' Reading ) What does a car's speedometer measure? 
Checkpoint 

Graphing Motion 
A distance-time graph is a good way to describe motion. Figure 7 
shows distance-time graphs for the motion of three cars. Recall that 
slope is the change in the vertical axis value divided by the change in 
the horizontal axis value. On these graphs, the slope is the change in 
the distance divided by the change in time. The slope of a line on a 
distance-time graph is speed. In Figure 7 A, the car travels 500.0 meters 
in 20.0 seconds, or 25.0 meters per second. In Figure 7B, another car 
travels 250.0 meters in 20.0 seconds at a constant speed. The slope of the 
line is 250.0 meters divided by 20.0 seconds, or 12.5 meters per second. 
Notice that the line for the car traveling at a higher speed is steeper. A 
steeper slope on a distance-time graph indicates a higher speed. 

Figure 7C shows the motion of a car that is not traveling at a 
constant speed. This car travels 200.0 meters in the first 8.0 seconds. 
It then stops for 4.0 seconds, as indicated by the horizontal part of 
the line. Next the car travels 300.0 meters in 8.0 seconds. The times 
when the car is gradually increasing or decreasing its speed are shown 
by the curved parts of the line. The slope of the straight portions 
of the line represent periods of constant speed. Note that the car's 
speed is 25 meters per second during the first part of its trip and 38 
meters per second during the last part of its trip. 
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Figure 8 A cheetah's speed may 
be as fast as 90 km/h. To describe 
the cheetah's velocity, you must 
~lso know the direction in which 
1t 1s moving . 

Velocity 
The cheetah is the fastest land animal in the world. Suppose a cheetah 
running at 90 kilometers per ~o~r, is 30 meters from an antelope tha; 
is standing sti ll. H ow long will 1t be before the cheetah reaches th 
antelope? Do you have enough information to answer the question'. 
The answer is no. Sometimes knowing only the speed of an object isn't 
enough. You also need to know the direction of the object's motion, 
Together, the speed and direction in which an object is moving are 
called velocity. To determine how lo ng it will be before the cheetah 
reaches the antelope, you need to know the cheetah's velocity, not just 
its speed. Velocity is a description of both speed and direction 
of motion. Velocity is a vector. 

Figure 8 shows a cheetah in m otion. If you have ever seen a video of a 
cheetah chasing its prey, you know that a cheetah can change speed and 
direction very quickly. To represent the cheetah's motion, you could use 
velocity vectors. You would need vectors of varying lengths, each vector 

corresponding to the cheetah's velocity at a particular instant. A longer 
vector would represent a faster speed, and a shorter one would show 

a slower speed. The vectors would also point in different direc-
tions to represent the cheetah's direction at any moment. 

A change in velocity can be the result of a change in 
speed, a chan ge in direction, or both. The sailboat in 
Figure 9 moves in a straight line ( constant ,:irection) at 
a constant speed. The sailboat can be described as 
m oving with uniform motion, which is anutber way of 
saying it has constant velocity. The sailboat :-nay change 
·t 1 · · 1 b l · g do1,•n, 1 s ve oc1ty s1mp y y speeding up or s c ·- ·in 

H h · b , ·r 't changes owever, t e sail oats velocity also change, 1 1 
. d" . rspeed, its JTection . It may continue to move at a constan 

but the change of direction is a change in veloutv. 

Figu~e 9 As the sailboat's direction changes, its 
velocity also changes, even if its speed stays the sa me 
Inferring If the sailboat slows down at the same 
time that it changes direction, how will its velocity 
be changed? 



combining Velocities 
Sometimes the motion of an object involves more than one velocity. 

Two or more velocities add by vector addition. The velocity of 
the river relative to the riverbank (X) and the velocity of the boat rel-
ative to the river (Y) in Figure 1 OA combine. They yield the velocity of 
the boat relative to the riverbank (Z). This velocity is 17 kilometers per 
hour downstream. 

Figure 10 Vector addition is used 
when motion involves more than 
one velocity. A The velocity of the 
boat in the reference frame of 
the riverbank (17 km/h) is a 
combination of the relative 
velocities of the boat and the 
river. B You can determine the 
resultant velocity of the boat 
relative to the riverbank (13 km/h) 
by measuring from the tail of one 
vector to the head of the other. In Figure 1 OB, the relative velocities of the current (X) and the boat 

(Y) are at right angles to each other. Adding these velocity vectors yields 
a resultant velocity of the boat relative to the riverbank of 13 km/h (Z) . 
Note that this velocity is at an angle to the riverbank. 

Reviewing Concepts 
1. What does velocity describe? 
2. What shows the speed on a 

distance-time graph? 
3. What is the difference between average 

speed and instantaneous speed? 
4. How can two or more velocities 

be combined? 

Critical Thinking 
S. Applying Concepts Does a car's 

speedometer show instantaneous speed, 
average speed, or velocity? Explain. 

6. Designing Experiments Describe an . 
experiment you could perform to determine 
the average speed of a toy car rolling down 
an incline. 

7. Applying Concepts Explain why the slope 
on a distance-time graph is speed . (Hint: Use 
the definition of speed on page 332 and the 
graphs in Figure 7.) 

8. An Olympic swimmer swims 50.0 meters in 
23.1 seconds. What is his average speed? 

9. A plane's average speed between two cities 
is 600 km/h . If the trip takes 2 .5 hours, 
how far does the plane fly? (Hint: Use the 
average speed formula in the form d = vt.) 

Motion 
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Reading Focus 

Key Concepts 
How are changes in 
velocity described? 
How can you calculate 
acceleration? 
How does a speed-time 
graph indicate acceleration? 
What is instantaneous 
acceleration? 

Figure 11 The basketball 
constantly changes velocity 
as it rises and falls. 

342 Chapter 11 
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Vocabulary 
• acceleration 
• free fall 
• constant 

acceleration 
• linear graph 
• nonlinear graph 

Reading Strategy 
Summarizing Read the section on 
acceleration. Then copy and ~omplete the 
concept map below to organize what you 
know about acceleration. 

Acceleration 

is a change is measured 
/ in \ in unit\f 

@@ @ 
l 44 

A basketball constantly changes velocity during a game. The player in 
Figure 11 dribbles the ball down the court, and the ball speeds up as it 
falls and slows down as it rises. As she passes the ball, it flies through the 
air and suddenly stops when a teammate catches it. The velocity of the 
ball increases again as it is thrown toward the basket. 

But the rate at which velocity changes is also important. Imagine a 
basketball player running down the court and slowly coming to a stop. 
Now imagine the player running down the court and stopping sud-
denly. If the player stops slowly, his or her velocity changes slowly. If 
the player stops suddenly, his or her velocity changes quickly. The ball 
handler's teammates must position themselves to assist the drive or to 
take a pass. Opposing team members want to prevent the ball handler 
from reaching the basket. Each player must anticipate the ball handler's 
motion. 

Velocity changes frequently, not only in a basketball game, but 
throughout our physical world. Describing changes in velocity, and how 
fast they occur, is a necessary part of describing motion. 

What Is Acceleration? 
The rate at which velocity changes is called acceleration. Recall that 
velocity is a combination of speed and direction. (:Acceleration~ 
be described as changes in speed, changes in direction, or changes Jll 
both. Acceleration is a vector. 



r 
[ ctaanges in Sp~ed ~e ~ften ~se the word 

leration to describe situations m which the 
ace£ b. · · · d of an o 1ect is mcreasmg. A television news-
speer describing the liftoff of a rocket-launched 
caste . 

e shuttle, for example, might exclaim, "That 
spac 11 l . ,,, tle is rea y acce eratmg. We understand that 
shut . d .b. h the newscaster is e~cn mg _t e spacecraft's quickly 
. easing speed as it clears its launch pad and rises 
10cr 
through the atm?sphere. Scientifically, however, 
acceleration apphes to any change in an object's 
velocity- This change may be either an increase or a 
decrease in speed. Acceleration can be caused by 
ositive (increasing) change in speed or by negative 

idecreasing) change in speed. 
for example, suppose that you are sitting on a 

bus waiting at a stoplight. The light turns green and 
the bus moves fo rward. You feel the acceleration as 
you are pushed back against your seat. The acceler-
ation is the result of an increase in the speed of the 
bus. As the bus moves down the street at a constant 
speed, its acceleration is zero. You no longer feel 
pushed toward your seat. When the bus approaches 
another stoplight, it begins to slow down. Again, its 
speed is changing, so the bus is accelerating. You feel 
pulled away from your seat. Acceleration results 
from increases or decreases in speed. As the bus 
slows to a stop, it experiences negative acceleration, 
also known as deceleration. Deceleration is an accel-
eration that slows an object's speed. 

An example of acceleration due to change in 
speed is free fall, the movement of an object toward 
Earth solely because of gravity. Recall that the unit 
for velocity is meters per second. The unit for accel-
eration, then, is meters per second per second. This 
unit is typically written as meters per second 
squared (ml s2). Objects falling near Earth's surface 
accelerate downward at a rate of 9.8 mls2. Each 
second an object is in free fall, its velocity increases 
downward by 9.8 meters per second. Imagine the 
stone in Figure 12 falling from the mouth of the 
Well. After 1 second the stone will be falling at about 9 ) 
/ mis. After 2 seconds, the stone will be going 
aster by 9.8 mis. Its speed will now be downward at 
19·6 mis. The change in the stone's speed is 9.8 mls2

, 
the acceleration due to gravity. 

L 

Figure 12 The velocity of an object . 
free fall increases 9.8 m/s each seco~~ -



I 

Figure 13 When you ride on a 
carousel, you accelerate because 
of the changing direction. 

Figure 14 A roller coaster 
produces acceleration due 
to changes in both speed 
and direction. Applying 
Concepts Describe the 
acceleration occuring at this 
instant on the 
rollercoaster ride. 

344 Chapter 11 

Changes in Direction Acee! . 
1 f erat10 

always the resu t o changes in speed n isn' 
"f . Yo t accelerate even 1 your speed is co . U ca~ 

h . f nstant experience t 1s type o acceleration if · Yo~ 
d ~ u . bicycle aroun a curve. Although you ma tide a 

constant speed, your change in direct . Y have a 
1 . v ion rn 

you are acce eratmg. 1.ou also may have eans 
enced this type of acceleration if you ha e~Peri. 

I l.k h . . ve rtdd on a carouse 1 e t e one m Figure 13. A h en 
I . 1. orse the carouse 1s trave mg at a constant spe d on 

is accelerating because its direction is e 'but it 
consta tl changing. n y 

Changes in Speed and Direction Sometimes rnor . 
. b h d d d" . ion is characterized by changes m ot spee an irect1on at the same . 
f . .f .d tune You experience this type o mot10n 1 you n e on a roller coast 1. · . er 1ke 

the one in Figure 14. The roller coaster nde starts out slowly as h 
cars travel up the steeply inclined rails. The cars reach the top of :h: 
incline. Suddenly they plummet toward the ground and then Whip 
around a curve. You are thrown backward, forward, and sideways as 
your velocity increases, decreases, and changes direction. Your accel-
eration is constantly changing because of changes in the speed and 
direction of the cars of the roller coaster. 

Similarly, passengers in a car moving at the posted speed limit 
along a winding road experience rapidly changing acceleration. The 
car may enter a long curve at the same time that it slows to maintain a 
safe interval behind another car. The car is ::iccelerating both because 
it is changing direction and because its speed is decreasing. 
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Stant Acceleration The vel -cof1 . , . ocity 
ObJ·ect movmg ma straight line chang 

0( 011 . . es at 
stant rate when the obJect is experienc· ~con . mg 

, ·tant accelerat10n. Constant acceleration . .:o11s . 1 . is 
dy change m ve ocity. That is the vel . ~ea , oc-

~tyof the object changes by the same amount 
i h second. An example of constant acceler-
eac db h . . 0 is illustrate Y t e Jet airplane shown auo . , 
. f igure 15. The airplanes acceleration may 
111 d . . be constant urmg a portion of its takeoff. 

,L Reading 
,.!!) _ Checkpoint What is constant acceleration? 

calculating Acceleration 
Acceleration is the rate at which velocity changes. You calculate 
acceleration for straight-line motion by dividing the change in veloc-
ity by the total t~e. If a ~s the ac~eleration, v; is the initial velocity, Vf 
is the final velocity, and t 1s total time, then this equation can be writ-
ten as follows. 

,- Acceleration 

Acceleration = Total time - t 
Change in ~docity _ ( v[- v;~ 

-~~-------~--~--
Notice in this formula that velocity is in the numerator and time 

is in the denominator. If the velocity increases, the numerator is pos-
itive and thus the acceleration is also positive. For example, if you are 
coasting downhill on a bicycle, your velocity increases and your accel-
eration is positive. If the velocity decreases, then the numerator is 
negative and the acceleration is also negative. For example, if you con-
tinue coasting after you reach the bottom of the hill, your velocity 
decreases and your acceleration is negative. 

Remember that acceleration and velocity are both vector quanti-
ties. Thus, if an object moving at constant speed changes its direction 
of travel, there is still acceleration. In other words, the acceleration can 
occur even if the speed is constant. Think about a car moving at a 
constant speed as it rounds a curve. Because its direction is changing, 
the car is accelerating. 

To determine a change in velocity, subtract one velocity vector 
from another. If the motion is in a straight line, however, the velocity 
~n be treated as speed. You can then find acceleration from the change 
Ill speed divided by the time. 

Figure 15 Constant acceleration 
during takeoff results in change~ 
to an aircraft's velocity that are in 
a constant direction. 
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1. A car traveling at 1 o m/s starts to 
decelerate steadily. It comes to 
a complete stop in 20 seconds. 
What is its acceleration? 

2. An airplane travels down a 
runway for 4.0 seconds with an 
acceleration of 9.0 m/s2. What is 
its change in velocity during 
this time? 

3. A child drops a ball from a 
bridge. The ball strikes the water 
under the bridge 2.0 seconds 
later. What is the velocity of the 
ball when it strikes the water? 

4. A boy throws a rock straight 
up into the air. It reaches the 
highest point of its flight after 
2.5 seconds. How fast was the 
rock going when it left the 
boy's hand? 

Calculating Acceleration 
A ball rolls down a ramp, starting from rest. After 2 seconds, its 
velocity is 6 meters per second. What is the acceleration of the ball? 

Read and Understand 
What information are you given? 

Time= 2 s 

Starting velocity= 0 mis 

Ending velocity= 6 mis 

Plan and Solve 
What unknown are you trying to calculate? 

Acceleration = ? 

What formula contains the given quantities and 
the unknown? 

(vr- v;) 
a= t 

Replace each variable with its known value. 

. (6 mis - 0 m/s) Acceleration = 2 s 

= 3 m/s2 down the ramp 

look Back and Ched-t 
Is your answer reasonable? 

Objects in free fall accelerate at a rate of 9.8 m/s2. 
The ramp is not very steep. An acceleration of 3 m/s2 
seems reasonable. 

Graphs of Accelerated Motion 
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You can use a graph to calculate acceleration. For example, consider a 
downhill skier who is moving in a straight line. After traveling down the 
hill for 1 second, the skier's speed is 4 meters per second. In the next 
second the speed increases by an additional 4 meters per second, so the 
skier's acceleration is 4 m/s2. Figure 16 is a graph of the skier's spee~-

The slope of a speed-time graph is acceleration. This slope 15 

change in speed divided by change in time. 



speed-Time ~raphs T~e skier's speed increased at a constant 
rate because the skier was movmg down the hill with constant acceler-
ation. Constant acceleration is represented on a speed-time graph by a 
straight line. The graph in Figure 16 is an example of a linear graph, in 
which the displayed data form straight-line parts. The slope of the line 
is the acceleration. 

Constant negative acceleration decreases speed.A speed-time graph 
of the motion of a bicycle slowing to a stop is shown in Figure 17. The 
horizontal line segment represents constant speed. The line segment 
sloping downward rep resents the bicycle slowing down. The change 
in speed is negative, so the slope of the line is negative. 

Negative Acce~e
0

r~tion 

Figure 17 The horizontal part 
of the graph shows a biker's 
Constant speed. The part of 
the graph with negative slope 
shows negative acceleration 
as the mountain biker slows 
to a stop. 
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Figure 16 The slope of a speed-
time graph indicates acceleration. 
A positive slope shows that the 
skier's acceleration is positive. 
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Acceleration Over Tfme -
140 
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Distance-Time Graphs Accelerated 1 . 
d lin d. llotio . represented by a curve eon a 1stance-t i, n1s 

negr In a nonlinear graph, a curve connects the d aph_ 
. 18. d' ,Ha Poi 

100 
that are plotted. Figure 1s a 1stance-t i1J n~ 

le gra The data in this graph are for a ball dropped f Ph. s 
QI .s 80 rest toward the ground. roll] 

Compare the slope of the curve during th 
second to the slope of the curve during the t first QI 60 u 
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. th I . 0Utth second. Notice that e s ope ts much greater d . 
d th . . d . urrng the fourth secon an it ts urmg the first 5 econd Because the slope represents the speed of the ball · 

increasing slope means that the speed is increasin ,Aan 
. g. n increasing speed means that the ball is acceleratin g, 

Figure 18 A distance-time graph 
of accelerated motion Instantaneous Acceleration 
is a curve. 

Acceleration is rarely constant, and motion is rarely in a straight Jinq 
skateboarder moving along a half-pipe changes speed and direction. As 
a result, her acceleration changes. At each moment she is accelerating, but 
her instantaneous acceleration is always changing. Instantaneous 
acceleration is how fast a velocity is changing at a specific instant. 

Acceleration involves a change in velocity or direction or both, so 
the vector of the skateboarder's acceleration can point in any direc-
tion. The vector's length depends on how fast she is changing her 
velocity. At every moment she has an instantaneous acceleration, even 
if she is standing still and the acceleration vector is zero. 

Section 11.3 Assessment 

Reviewing Concepts 
1. Describe three types of changes 

in velocity. 
2. What is the equation for acceleration? 
3. What shows acceleration on a speed-

time graph? 
4. Define instantaneous acceleration. 

Critical Thinking 
5. Comparing and Contrasting How are 

deceleration and acceleration related? 
6. Applying Concepts Two trains leave a station 

at the same time. Train A travels at a constant 
speed of 16 m/s. Train B starts at 8.0 m/s but 
accelerates constantly at 1.0 m/s2. After 10.0 
seconds, which train has the greater speed? 
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7. Inferring Suppose you plot the distance 
traveled by an object at various times and 
you discover that the graph is not a straight 
line. What does this indicate about the 
object's acceleration? 

8. A train moves from rest to a speed 
of 25 m/s in 30.0 seconds. What is 
the magnitude of its acceleration? 

9. A car traveling at a speed of 25 m/s 
increases its speed to 30.0 m/s in 
10.0 seconds. What is the magnitude 
of its acceleration? 
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