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The Speed of Sound  Forces 
of jet engines that can move planes 
faster than speed of sound cause a 
vapor cloud that occurs at near 
speed of sound from changes 
in pressure.
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 1579
Francis Drake anchors the 
Golden Hind at Point Reyes 
just north of San Francisco, 
California, during first 
English voyage around 
the world.

1687
Isaac Newton 
of England 
describes three 
laws of motion.  

 c. 1660
Robert Boyle of Eng-
land describes what 
causes the pressure 
of gases to change. 

2,220 Years Ago
Archimedes, a Greek mathe-
matician, discovers that the 
buoyant force equals the 
weight of the fluid displaced 
by an object (called Archime-
des’ principle).

      1877
Ernst Mach from Aus-
tria uses bullets to 
record the speed of 
sound; Mach 1 
becomes the reference 
for the speed of sound.

 1863
Construction begins on the Central 
Pacific Railway; starts in Sacramento, 
California, and joins the Union Pacific 
Railway in Utah in 1869.

Motion and Forces

(bkgd)Keith Lawson/Bettmann/CORBIS, Joel W. Rogers/CORBIS
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To learn more about physicists and 
their work, visit .
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1978
Speed boat sets record 
speed of 511.10 km/h 
on Lake Washington at 
Seattle, Washington.    

October 1947
Chuck Yeager—at 
Muroc Army Air Field 
(now Edwards Air Force 
Base, California)—is first 
to fly plane faster than 
speed of sound.

February 1962
John Glenn is first 
American to orbit Earth.

June 1963
Valentina Tereshkova of the 
Soviet Union is the first 
woman to orbit Earth.

1903
Wright Brothers 
fly first motor-
ized airplane at 
Kitty Hawk, 
North Carolina.

1997
At the Black Rock 
speedway in Utah, 
Richard Noble’s jet race 
car is first to break the 
sound barrier on land 
(1227.93 km/h).

Interactive Time Line To learn more about 
these events and others, visit      .

August 2005
Commander Eileen Collins and pilot 
James Kelly guide Space Shuttle 
Discovery in its 27,357.58 km/h 
glide from space to landing strip 
at Edwards Air Force Base.

ca8.msscience.com

ca8.msscience.com

(t)Bettmann/CORBIS, (b)Keith Kent/Photo Researchers

http://ca8.msscience.com
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Motion

 The road is just a blur to these street-luge 
racers, who reach speeds over 88 km/h lying on specially-built boards made 
out of aluminum. Street-luge courses are usually about 1 km long and are 
downhill, although the course can have turns and parts that are uphill.

 Write a short description of how the motion of the 
racers might change from the start of the race to the finish line.

No Snow Required!No Snow Required!
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Motion occurs when the 
position of an object 
changes.

LESSON 1
Determining Position

 Position is 
defined relative to a 
reference point and 
reference directions.

LESSON 2

Speed, Velocity, and 
Acceleration

 Speed, 
velocity, and accelera-
tion describe how an 
object’s position and 
motion change in time.

LESSON 3
Graphing Motion

 Graphs can 
show how objects 
change their position or 
speed.

1.a

1.b, 1.c, 1.d, 1.e, 9.b, 9.f

1.f, 9.d, 9.e

�����������	
��




Visit        to:

▶ ▶ view

▶ ▶ explore Virtual Labs

▶ ▶ access content-related Web links

▶ ▶ take the Standards Check

Start-Up Activities

45

How do you get
there from here?

How would you give 
directions to a friend 
trying to walk from one 
place to another in your 
classroom?

Procedure 
1.  Place a sheet of paper 

labeled North, East, South, and West on 
the floor.

2.  Walk from the paper to one of the three 
goals labeled in the classroom. Have a 
partner record the number of steps and 
the directions of movement.

3.  Repeat steps 1 and 2 for the other goals.

Think About This
• Explain why having a common starting 

point is important when giving direc-
tions.

• Suggest ways to improve the distance 
measurements made during this lab.

 STEP 1 Fold  a sheet of paper in half 
lengthwise. Make the back edge about 3 cm 
longer than the front edge.

 

 STEP 2 Fold  into thirds.

 

 STEP 3 Unfold  and cut along the folds of 
the top flap to make three flaps.

 

 STEP 4 Label  as shown.

 

Motion Make the 
following Foldable to 
describe speed, velocity, 
and acceleration and discuss 
how they are related.

Interpreting 
As you read this chapter, record infor- 
mation about each of the types of motion. 
Be sure to include information about how 
the term is related to the other terms.

ca8.msscience.com

1.a, 9.b

������������
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Learn It! If you know what to expect 
before reading, it will be easier to understand ideas and 
relationships presented in the text. Follow these steps to 
preview your reading assignments.

1. Look at the title and any illustrations that are included.
2. Read the headings, subheadings, and anything in bold letters.
3. Skim over the passage to see how it is organized. Is it divided into 

many parts?
4. Look at the graphics—pictures, maps, or diagrams. Read their titles, 

labels, and captions.
5. Set a purpose for your reading. Are you reading to learn something 

new? Are you reading to fi nd specifi c information?

GetGet  ReadyReady  toto  ReadRead
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Preview

Apply It! Now that you have 
skimmed the chapter, write a short paragraph 
describing one thing you want to learn from 
this chapter.

Practice It! Take some time to 
preview this chapter. Skim all the main headings and 
subheadings. With a partner, discuss your answers 
to these questions.

• Which part of this chapter looks most interesting 
to you?

• Are there any words in the headings that are unfamiliar 
to you?

• Choose one of the lesson review questions to discuss 
with a partner. 
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Target Your Reading
Use this to focus on the main ideas as you read the chapter.

1  Before you read the chapter, respond to the statements 
below on your worksheet or on a numbered sheet of paper.

• Write an A if you agree with the statement.

• Write a D if you disagree with the statement.

2  After you read the chapter, look back to this page to see if 
you’ve changed your mind about any of the statements.

• If any of your answers changed, explain why.

• Change any false statements into true statements.

• Use your revised statements as a study guide.

 1  Giving a starting point isn’t important when giving 
directions.

 2  Some measurements have both size and direction.

 3  If an object is not moving, all observers will give the 
same directions to the object.

 4  Speed and velocity mean the same thing.

 5 An object is accelerating only if its speed is changing.

 6 Average speed is total time divided by total distance.

 7  Speed always is measured in miles per hour.

 8  The slope of a line on a position-time graph is the 
acceleration of an object.

 9  If a line plotted on a graph is horizontal, the line’s 
slope is zero.

 10  A straight line on a position-time graph means the 
speed of the object is not changing.

Before You Read
A or D

Statement After You Read
A or D

As you preview this chapter, 

be sure to scan the illustra-

tions, tables, and graphs. 

Skim the captions.

Print a worksheet of
this page at
 .ca8.msscience.com

http://ca8.msscience.com


LESSON 1
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Reading Guide

What You’ll Learn

▼ Explain how position 
depends on the choice of a 
reference point and 
reference direction.

▼ Determine the position 
of an object in two 
dimensions.

▼ Describe the difference 
between distance and 
displacement.

Why It’s Important
To know how to get where 
you want to go, you first 
must know where you are.

Vocabulary
reference point
vector
displacement

Review Vocabulary
distance: the length of a 
path from one point to 
another (p. 7)

Determining Position
Position is defined relative to a reference point 

and reference directions.

Real-World Reading Connection How would you describe 
where you are right now? Maybe your description would include 
the name of a street or a building. Or maybe it would include 
directions from a familiar landmark or road. How could you 
describe your location so that anyone could find you?

Position and Reference Points
Suppose that Figure 1 is an aerial view of your neighborhood. 

A classmate tells you that her house is two blocks west and one 
block south of your house. To reach your classmate’s house, you 
start at your house and walk two blocks west and one block 
south. Your house is the starting place for you to find the loca-
tion, or position, of your classmate’s house. A reference point is 
a starting point used to describe the position of an object. A ref-
erence point is sometimes called the origin.

What is a reference point?

Figure 1 A reference point is needed in order to describe the 
location of a house in the neighborhood.

  Science Content 
Standards

1.a Students know position is defined in 
relation to some choice of a standard 
reference point and a set of reference 
directions.





Figure 2 The flagpole can be used as a reference 
point for finding the bicycle.
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Reference Points and Reference Directions
Your classmate told you where to start, which direction, and 

how far to walk to reach her house. You had to start at the grocery 
store, which was the reference point. The direction you had to 
walk was east, for a distance of three blocks. To describe an 
object’s position, you must include three things in your descrip-
tion: a reference point, a direction from the reference point, and a 
distance from the reference point.

How would you describe the position of the bicycle in Figure 2? 
First, choose a reference point: the flagpole. Next, choose a direc-
tion from the reference point: toward the front door of the school. 
Finally, give the distance from the reference point: 5 m. Notice that 
the distance is described in units of length, in this case, meters.

Describing the Reference Direction
How can you indicate the direction from the reference point? 

One way is to use a plus (+) or a minus (�) sign to indicate the 
direction. The plus sign means the direction from the reference 
point is in the reference direction. A minus sign means the direc-
tion is opposite to the reference direction. For instance, � might 
be used to indicate toward the school and � to indicate away from 
the school. Or, � could mean to the right of the flagpole, and � 
could mean to the left of the flagpole. In this way, the position of 
the bicycle can be described as a distance from the origin together 
with a plus or minus sign that indicates the direction. 

If you define toward the school as the reference direction, the 
bicycle’s position in Figure 2 is �5 m. If away from the school is the 
reference direction, then the bicycle’s position is �5 m. The 
description of an object’s motion also depends on the reference 
point chosen. Figure 3 shows how the description of Earth’s 
motion through space changes as the reference point changes. 

Negative 
Positions

Procedure
1. Put a sticky note with 

an arrow that points 
directly to the 50-cm 
mark on a meterstick. 
Label the mark as the 
reference point.

2. Move your finger until 
it is 15 cm right of the 
reference point.

3. Move your finger until 
it is 10 cm to the left 
of the reference point.

4. Listen as your teacher 
calls out position val-
ues. Point to the posi-
tion indicated. 

Analysis
1. Identify the direction 

and distance traveled if 
you moved from the 
reference point to the 
75 cm mark.

2. Imagine moving from 
–10 cm to –6 cm. Did 
you move in a positive 
or a negative direction?

3. Explain how you can 
move in a positive 
direction and still have 
a negative position.

1.a
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Visualizing Earth’s Motion

Figure 3
In the vastness of space, Earth’s motion can be 
described only in relation to other objects such as 
stars and galaxies. This figure shows how Earth 
moves relative to the Sun and to the Milky Way 
galaxy. This galaxy is part of a cluster of galaxies 
called the local group.

A  Imagine you are looking down 
on the Sun’s north pole. If the Sun 
is the reference point, Earth moves 
in a nearly circular path counter-
clockwise around the Sun.

B  The Sun belongs to a group of several billion stars 
that make up the Milky Way galaxy. Viewed from above 
the galaxy, the Sun moves clockwise in a nearly circular 
orbit around the galaxy’s center. If the center of the 
Milky Way galaxy is the reference point, Earth’s motion 
traces out a corkscrew path as it moves with the Sun.
*Earth’s corkscrew path not shown to scale.

C  The Milky Way galaxy is moving relative to the 
center of the Local Group cluster of galaxies. So you 
can think of Earth’s motion this way: Earth orbits the 
Sun, which moves around the Milky Way galaxy, which 
is moving around the center of the Local Group.

Contributed by National Geographic
�����������	
����
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Position as a Vector
To describe the position of an object, you 

must specify two things. One is the distance 
from the reference point. The other is the 
direction from the reference point. One way to 
represent the position of an object is by an 
arrow. The arrow points in the direction of the 
object from the reference point. The length of 
the arrow represents the distance of the object 
from the reference point. Figure 4 shows how 
the position of an object can be represented by 
an arrow. 

The position of an object is an example of a 
vector. A vector (VEK tur) is a quantity that 
has both a size and a direction. For example, 
the size of a position vector is the distance of 
an object from the reference point. The direc-
tion of a position vector is the direction from 
the reference point to the object. A vector can 
be represented by an arrow. The length of the 
arrow represents the size of the vector. The 
arrows in Figure 4 represent the position vec-
tors of the two football players. 

 
What does the length of a posi-
tion vector represent?

Position in Two 
Dimensions

A 100-m track sprinter runs in only one 
direction—toward the finish line. You could 
describe the sprinter’s position by choosing the 
starting line as the reference point. You could 
choose the reference direction to be the direc-
tion from the starting line to the finish line. 
However, because the sprinter runs in a 
straight line, you need to choose only one 
reference direction.

A car driving from San Diego to Sacra-
mento, as shown in Figure 5, wouldn’t move in 
a straight line. It moves north and south, as 
well as east and west. To describe the motion 
of the car, you would need to choose two refer-
ence directions.  North and east are often cho-
sen as the positive reference directions.

WORD ORIGIN
vector
from Latin vehere; means 
carry, convey

Figure 5 A car traveling from San Diego to 
Sacramento goes both north and west.

Figure 4 The position of each 
football player can be 
represented by an arrow.




Figure 6 A city map can be represented 
as a two-dimensional graph.
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Showing Positions with Two Directions
Visitors to a city find their way using maps such as the one 

shown on the left in Figure 6. The map has two positive reference 
directions: north and east. The map also has a scale to show the 
distances in meters. 

If a tourist arriving at the bus station wants to visit the art 
museum, in which directions should she walk? She could walk two 
blocks west and one half block south. If each city block is 1,000 m 
long, then she would walk 2,000 m west and 500 m south. The bus 
station is the reference point, and 2,000 m west and 500 m south 
are distances and directions in two dimensions.

Locating a Position in Two Dimensions
The map that the visitor uses to find her way is similar to the 

graphs you’ve studied in mathematics classes. A two-dimensional 
map is a graph used to represent the location of an object with two 
reference directions. To make this graph, you can name east as the 
positive x direction. North is named the positive y direction. You 
also have to choose a location that will be the origin of the graph.

To transfer the visitor’s city map into a two dimensional map, 
you could choose City Hall to be the origin. Its position is x = 0 m 
and y = 0 m. The x-axis goes east through City Hall. The y-axis 
goes north through City Hall. Then mark the distance units on 
the axes and place the locations of the buildings on the graph, as 
in Figure 6. The bus station is 1,000 m east and 1,500 m north of 
City Hall, so its location is x = 1,000 m and y = 1,500 m.

Figure 6 What is the location of the art museum?

ACADEMIC VOCABULARY
dimension (duh MEN 
shun)
(noun)  measure in one 
direction
To find the area of the rectangle, 
she measured both of its dimen-
sions: length and width.
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Changing Position
Suppose you walk to a friend’s home from 

your home, and then walk back. How has your 
position changed? You might have walked a dis-
tance of many meters, but your final position is 
the same as your beginning position. So your 
distance traveled and your change in position are 
different.

Displacement
The change in your position is called the dis-

placement. Displacement is the difference 
between the initial position and the final posi-
tion of an object. 

Just as position does, displacement includes a 
size and a direction. As a result, displacement is 
also a vector. The direction of a displacement 
vector is the direction from the initial position to 
the final position. The size of a displacement vec-
tor is the distance from the initial position to the 
final position. 

 
What are the size and direction of 
the displacement vector?

Distance and Displacement
What’s the difference between the distance you 

travel and your displacement? Suppose you are 
walking in a park, as shown in Figure 7. Your ini-
tial position is the reference point. The positive 
reference directions are north and east. 

You first walk a distance of 40 m to the east. 
The difference between your initial and final 
position is 40 m. The direction from your initial 
to your final position is east. This means your 
displacement is 40 m east.

Suppose you then walk 30 m north. The total 
distance you’ve traveled from the starting point is 
40 m + 30 m, or 70 m. However, your final posi-
tion is not 70 m from your initial position. 
Instead the distance between your final and ini-
tial position is 50 m. Your displacement is 50 m 
northeast. 

Suppose you continue walking and return to 
your initial position. Figure 7 shows that the 
total distance you travel is 140 m, but your dis-
placement is 0 m.

Figure 7 Distance depends on the 
path traveled. Displacement depends 
on only the initial position and the 
final position.
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What have you learned?
You first read about how the choice of a reference point and a 

reference direction determines an object’s position. In the Launch 
Lab, for example, the number of steps you had to take to get from 
the reference point to each goal depended on where you put the 
reference point. In the DataLab on the next page, you will graph 
the data you collected in the Launch Lab.

In this lesson, you also read about displacement and why dis-
placement is a vector. In addition to displacement, there are other 
quantities that have both size and direction. You will study two 
other vectors in Lesson 2.

Summarize
Create your own lesson 
summary as you organize 
an outline. 

1. Scan the lesson. Find and 
list the first red main 
heading.

2. Review the text after 
the heading and list 2–3 
details about the heading.

3. Find and list each blue 
subheading that follows 
the red main heading.

4. List 2–3 details, key terms, 
and definitions under 
each blue subheading.

5. Review additional red 
main headings and their 
supporting blue subhead-
ings. List 2–3 details about 
each.

Science nline
For more practice, visit Standards 
Check at  .

Standards Check

Using Vocabulary

1. Displacement is a(n)      
because it has both magni-
tude and direction. 1.a

2. Define reference point in your 
own words. 1.a

Understanding Main Ideas

3. Which of the following is a 
true statement? 1.a

A. Displacement always equals 
distance traveled.

B. Distance traveled is the 
magnitude of the displace-
ment vector.

C. Displacement and distance 
traveled are the same mea-
surements.

D. Distance traveled some-
times equals the magni-
tude of the displacement 
vector.

4. State the relationship 
between the plus (+) and 
minus (–) sign when used with 
a reference direction. 1.a

5. Explain the importance of 
communicating the reference 
point when giving a position.
 1.a

6. Summarize Copy and fill in 
the graphic organizer below to 
identify the two parts of a dis-
placement vector. 1.a

Displacement 
Vector

Applying Science

7. Evaluate these descriptions of 
the position of an object. Sug-
gest ways to improve each 
description. a. The store is 
three blocks from my car. 
b. My house is 200 m north of 
the freeway. c. The grocery is 
100 m west of here. 1.a

ELA8: R 2.3

ca8.msscience.com

http://ca8.msscience.com
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 Position of Goals

Goal North-South 
Direction

East-West 
Direction

1

2

3

How can a graph show 
relative positions?

In the Launch Lab, you moved 
around the classroom from a 
reference point to three different 
positions. Now put your move-
ment on a graph to show your 
directions.

Data Collection
1. Mark the x- and y-axis clearly 

on your graph paper.

2. Label the intersecting point of the axes (0, 0). This is the ori-
gin, or reference point. Label north, south, east, and west.

3. Have each square on the graph represent one step.

4. Copy the Position of Goals table into your Science Journal.

5. Trace your path from the reference point to the three goals. 
Use a different colored pencil for each goal.

6. Label each position as Goal 1, Goal 2, or Goal 3. Include each 
position’s x- and y-coordinates (x-coordinate, y-coordinate). 

Data Analysis
1. Compare  your graph to your partner’s graph. Suggest a reason 

for any differences.

2. Use  your graph to state the position of one goal in relation 
to another goal. For example, “Goal 2 is three steps south and 
9 steps west of Goal 1.”

3. Compare  your statements to the statements of a student 
from another group. Explain the similarities and differences.

4. Develop  a way to convert the scale of your graph from steps 
to meters.

 
Science Content Standards

1.a  Students know position is defined in relation to some choice of a standard reference point and 
a set of reference directions.

ALG: 6.0
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Reading Guide

What You’ll Learn

▼ Explain how speed is a rate 
of change.

▼ Solve motion problems 
involving average speed.

▼ Explain why velocity is a 
vector.

▼ Determine when 
acceleration occurs.

Why It’s Important
Knowing an object’s velocity 
can help you predict where it 
will be in the future.

Vocabulary
speed
constant speed
instantaneous speed
average speed
velocity
acceleration

Review Vocabulary
rate: the change in 
something that occurs in 
a unit of time

Speed, Velocity, 
and Acceleration

Speed, velocity, and acceleration describe how an 
object’s position and motion change in time.

Real-World Reading Connection Think about a train travel-
ing through the desert, a pizza delivery van on busy city streets, 
and a racecar going around a track. Do these vehicles travel at 
the same speed? Do they travel in straight lines? Do they change 
the direction of their motion?

What is speed?
You are familiar with different rates. A rate measures the 

change in something over a particular length of time. For exam-
ple, imagine a child who is 104 cm tall on her fifth birthday and 
112 cm tall on her sixth birthday. The rate of change of her 
height is 8 cm per year. 

Look at the runner in Figure 8. The runner’s position is 
changing. To describe her position, you can use the first hurdle 
as the reference point and use to the right as the positive refer-
ence direction. The distance between each hurdle is 10 m. It 
takes the runner 2 s to move from one hurdle to the next. This 
means that in one second, her position changes by 5 m. Her 
speed, or rate of change of distance with time, is 5 m per sec-
ond. For every 1 s that goes by, the runner moves an additional 
5 m away from the first hurdle.

Figure 8 What is the runner’s speed?

Figure 8 The runner travels 5 m every second.

  Science Content 
Standards

1.b Students know that average speed is 
the total distance traveled divided by the 
total time elapsed and that the speed of an 
object along the path traveled can vary. 

1.c Students know how to solve problems 
involving distance, time, and average speed. 
1.d Students know the velocity of an 

object must be described by specifying both 
the direction and the speed of the object. 
1.e Students know changes in velocity 

may be due to changes in speed, direction, 
or both.
Also covers: 9.b, 9.f
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Constant Speed
For the part of the race shown in Figure 8, the hurdler runs

at a constant rate. For every second that goes by, she moves an 
equal distance from the reference point. An object that moves at a 
constant speed travels the same distance each second. Can you 
think of other things that travel at a constant speed? Imagine a car 
on a freeway with cruise control on. Cruise control keeps the car 
moving with a constant speed. If a car with a constant speed trav-
els 100 km in 1 h, then it will travel another 100 km in the next 
hour. If its speed stays constant, in 5 h it will travel 500 km. 

Changing Speed
Unlike a car with cruise control on, most objects speed up and 

slow down as they move from place to place. The car shown in 
Figure 9 slows down and stops at a stop sign, and then starts mov-
ing again. The car doesn’t travel the same distance in every two-
second interval. Its speed is not constant. Instead, it speeds up as it 
moves away from the stop sign. 

When the speed of an object isn’t constant, it is helpful to 
determine its instantaneous speed (ihn stuhn TAY nee us), or 
speed at a specific instant in time. A speedometer shows a car’s 
instantaneous speed. As the car travels along the road in Figure 9, 
the speedometer above each position shows how fast the car is 
moving at each location and time.

Consider a car traveling on a highway at a constant speed of 
80 km/h. What is the instantaneous speed of the car? For an object 
moving at a constant speed, its instantaneous speed doesn’t change 
from moment to moment. Therefore, the car’s instantaneous speed 
is unchanging, so it is the same as its constant speed, 80 km/h. 

 
Describe the reading on a speedometer of a car that 
is moving at a constant speed.

ACADEMIC VOCABULARY
constant (KAHN stuhnt)
(adjective) not changing
The freezer keeps the frozen 
food at a constant temperature 
of –18°C.

To see an animation of the car’s 
motion, visit . 

Figure 9 The car’s speed changes as it leaves the stop sign.
ca8.msscience.com

http://ca8.msscience.com
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What is average speed?
How can you describe the speed of something when it is speed-

ing up or slowing down? One way is to calculate the average speed 
of the object as it moves from one place to another. 

Calculating Average Speed
The average speed is the total distance traveled divided by the 

total time. You can calculate the average speed from this equation: 

In this equation, the letter v stands for average speed. Because 
speed equals distance divided by time, the unit for speed is a dis-
tance unit divided by a time unit. Suppose distance is measured in 
meters and time is measured in seconds. Then the unit for speed is 
m/s. Your average walking speed is about 1.5 m/s. In the United 
States speed is usually measured in miles per hour (mph).

Average Speed Equation

average speed (in m/s) =  
total time (in m)

  ��  
total time (in s)

  

v =  d � t  

Solve for Average Speed It takes a swimmer 57.2 s to 
swim a distance of 100 m. What is the swimmer’s average speed?

1  This is what you know: distance: d � 100 m
  time: t � 57.2 s

2  This is what you need to find: average speed: v

3  Use this formula: v �  d � t  

4   Substitute: v �   100 � 57.2  is 1.75
the values for d and t
into the formula and divide.

5  Determine the units:  units of v �  units of d � units of t   � m/s 

Answer: The swimmer’s average speed is 1.75 m/s.

Practice Problems
1. A bicycle coasting downhill travels 170.5 m in 21.0 s. What is the 

bicycle’s average speed?

2. What is the average speed of a car that travels 870 km in 14.5 h?

1.c, 9.f

For more equation practice, 
visit .ca8.msscience.com

ALG: 5.0

http://ca8.msscience.com



Figure 10 The velocity 
vector of a ball changes when 
the direction and speed of the 
ball change.

Determine where the ball’s speed 
is increasing.
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Calculating Distance and Time
The average speed equation contains three variables: rate, dis-

tance, and time. If you know any two of the variables, you can use 
the average speed equation to figure out the third, unknown quan-
tity. The math feature at the end of this lesson shows how to use 
the average speed equation to calculate distance and time.

Velocity
When you describe a walk in the woods to a friend, do you tell 

him in which direction you hiked? Does it matter whether you 
walked north to the mountain or east to the lake? To describe the 
motion of an object, you need to know more than its speed. You 
also need to know in which direction the object travels. Velocity 
(vuh LAH suh tee) is the speed and direction of motion.

Velocity as a Vector
To describe the velocity of an object, you have to specify both 

the object’s speed and its direction of motion. This means that 
velocity is a vector. The size of the velocity vector is the speed. A 
velocity vector can be represented by an arrow that points in the 
direction of motion. The length of the arrow represents the speed. 
The length of the arrow increases as the speed increases. Figure 10 
shows how the velocity vector of a bouncing ball changes.

What is the size of a velocity vector?

Velocity and Speed
Sometimes in everyday language the words velocity and speed 

are used to mean the same thing. However, speed tells only how 
fast something is going. Velocity tells how fast something is going 
and in what direction. 

WORD ORIGIN
velocity
 from Latin velocitatem; means 
swiftness, speed
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Acceleration
When you watch the first few seconds of a 

rocket liftoff, the rocket barely seems to move. 
With each passing second, however, you can 
see it moving faster. Because velocity includes 
both speed and direction, the velocity of the 
rocket changes as it speeds up. The rocket’s 
velocity also changes as its direction of motion 
changes. An object is accelerating when its 
velocity changes. Acceleration (ak sel uh RAY 
shun) is the rate at which velocity changes with 
time. Just like velocity, acceleration is a vector. 
To specify an object’s acceleration, both a size 
and a direction must be given.

Acceleration and Change in Speed
The velocity of an object changes when it 

speeds up or slows down. As a result, the 
object is accelerating. A sprinter taking off 
from the starting blocks and a car slowing 
down at an intersection are both accelerating. 
Figure 11 shows how the direction of the 
acceleration depends on whether an object is 
speeding up or slowing down. If an object is 
speeding up, the direction of its acceleration 
is in the same direction that it is moving. If 
an object is slowing down, the acceleration is 
in the opposite direction that the object is 
moving.

Acceleration and Change 
in Direction of Motion

The velocity of an object can change even if 
its speed doesn’t change. The horses on the 
carousel in Figure 11 are moving with constant 
speed. However, as the carousel turns, their 
direction of motion is constantly changing. As 
a result, the velocity of each horse is changing 
and the horses are accelerating.

Have you ever been in a car that has 
changed speed or direction quickly? You might 
have felt the seat push against you as the car 
sped up. Or maybe you felt the door push 
against your side when going around a sharp 
curve. In Chapter 2 you will read about the 
connection between acceleration and forces.

Figure 11 Acceleration occurs when an 
object speeds up, slows down, or changes its 
direction of motion.

Speeding Up

Slowing Down

Changing Direction
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What have you learned?
You first read about speed, or the rate of change of position with 

time. You saw an example of calculating average speed by dividing 
the distance traveled by the time taken to travel the distance.

In Lesson 1, you read that a vector is a quantity with both size 
and direction. In this Lesson, you learned about two vector quan-
tities—velocity and acceleration. Velocity is the speed and direc-
tion of an object’s motion. Acceleration is the rate of change of 
velocity over time. Acceleration occurs when an object’s speed or 
direction of motion changes. 

Summarize
Create your own lesson 
summary as you write a 
newsletter. 

1. Write this lesson title, 
number, and page num-
bers at the top of a sheet 
of paper. 

2. Review the text after 
the red main headings 
and write one sentence 
about each. These will be 
the headlines of your 
newsletter. 

3. Review the text and write 
2–3 sentences about each 
blue subheading. These 
sentences should tell who, 
what, when, where, and 
why information about 
each headline.

4. Illustrate your newsletter 
with diagrams of impor-
tant structures and pro-
cesses next to each 
headline. 

Science nline
For more practice, visit Standards 
Check at  .

WORD ORIGIN
acceleration
 from Latin acceleratus; means 
quicken

Standards Check

Using Vocabulary

1. Distinguish between velocity 
and acceleration. 1.e

2.      is the rate of change 
of velocity. 1.e

Understanding Main Ideas

3. Identify Copy and fill in the 
graphic organizer below to 
identify three vectors. 1.d

Vectors

4. Which of the following is not 
accelerating? 1.e

A. a car coming to a stop at a 
traffic light

B. a sprinter starting from rest 
and running 100 m in 9.8 s

C. a racecar traveling 
175 km/hr on a straight 
track

D. an airplane traveling at 
500 km/hr and turning to 
the north

5. State the ways velocity can 
change. 1.e

6. Calculate how far an airplane 
would fly in 3 h if its average 
speed is 800 km/h. 1.c

7. Give an example of an 
object that is accelerating 
but is traveling at a constant 
speed. 1.e

8. Relate speed, velocity, and 
acceleration. 1.d

Applying Math

9. Calculate the average speed 
of a spacecraft orbiting Mars 
if the spacecraft takes 2.2 h 
to complete an orbit that is 
26,500 km long. 1.b

10. Calculate the average speed 
of an airplane flying between 
San Francisco and Los Ange-
les. The flight lasts 1.2 h, and 
the flight path is 650 km. 1.b

Acceleration
 

ca8.msscience.com 

ca8.msscience.com

ELA8: W 2.1

http://ca8.msscience.com
http://ca8.msscience.com
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Using the Speed Equation to Find 
Distance and Time
You can use the speed equation to find distance and time, as well 
as speed.

Using the Speed Equation to Find Distance 
If the average speed, v, and travel time, t, are known, you can find the 
distance, d, the object traveled. First multiply both sides of the speed 
equation by t:

   v � t �  d � t   � t 
The variable t cancels on the right side of the above equation:

   v � t �  d � t/   � t/
So the equation for the distance traveled by an object if its average 
speed and travel time are known is:
   d � v t
You can find the distance by multiplying the average speed and the 
travel time.

Using the Speed Equation to Find Time 
If the average speed, v, and distance traveled, d, are known, you can 
find the travel time, t. Use the equation above, and divide both sides 
by v:

    d � v   �  v � t � v   
The variable v cancels on the right side of the above equation:

    d � v   �  v � t � v/   
So the equation for the travel time if the distance traveled and 
average speed are known is:

    t �  d � v  
You can find the travel time by dividing the distance by the 
average speed.

Practice Problems
1.  Find the distance traveled by a car that travels with an average 

speed of 110 km/h for 3.5 h.

2.  How long does it take a baseball moving with an average 
speed of 35 m/s to travel 18 m?

1.c, 9.f

ALG: 15.0

Science nline
For more math practice, 
visit Math Practice at 
ca8.msscience.com.

http://ca8.msscience.com
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Can you measure 
average speed?

Using a stopwatch you can time a ball rolling 
down a ramp and across the floor. You also can 
measure the distance the ball rolls from one 
point to another. If you perform more than 
one trial, how similar are your results? 

Procedure 
1. Complete a lab safety form.

2. Use a piece of plastic track to make a ramp from a chair seat 
to the floor.

3. Lay a piece of masking tape 15 cm from the bottom of the 
ramp. Lay another piece of masking tape 5 m farther along the 
ball’s path.

4. Hold a tennis ball at the top of the ramp.

5. Release the ball to allow it to roll down the ramp.

6. Students who are observing will start their stopwatches when 
the ball reaches the first tape and stop them when the ball 
reaches the second tape.

7. Repeat steps 4–6 three more times.

Analysis
1. Calculate  the average speed of the rolling ball for each trial. 

2. Compare  the average speed of the ball in each trial. Are the 
results accurate and reproducible? Explain.

3. Evaluate  the timing process by comparing your time measure-
ments with the measurements of other group members. Sug-
gest reasons for any differences and ways to improve the 
timing process.

 
Science Content Standards

1.b  Students know that average speed is the total distance traveled divided by the total time 
elapsed and that the speed of an object along the path traveled can vary.
9.b  Evaluate the accuracy and reproducibility of data.

ALG: 6.0
������������



LESSON 3

Figure 12 This graph shows temperature versus 
time for a summer day in Santa Barbara, California.
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Reading Guide

What You’ll Learn

▼ Construct a position-time 
graph.

▼ Calculate speed from a 
position-time graph.

▼ Describe how motion 
with constant speed and 
changing speed appears on 
a speed-time graph.

Why It’s Important
Graphs display a great deal 
of information in a compact 
space.

Vocabulary
slope
rise
run

Review Vocabulary
linear: relating to or 
resembling a straight line 
(p. 23)

Graphing Motion
Graphs can show how objects change their posi-

tion or speed.

Real-World Reading Connection Have you ever used a 
hammer to drive a nail into a piece of wood? Would you use a 
screwdriver to pound a nail into wood? Although you probably 
could hit the nail with a screwdriver, using the right tool makes 
the job easier. Graphs often are the most useful tool for summa-
rizing many kinds of information.

Position-Time Graphs
Graphs often are used to show how something changes with 

time. For example, the graph in Figure 12 shows temperature 
versus time for a summer day in Santa Barbara, California. 
From this graph, you can determine the maximum and mini-
mum temperatures. You also can tell when those temperatures 
occurred. What other information can you read from the graph? 

A graph of temperature versus time shows how the tempera-
ture of something is changing. A graph of position versus time 
can show how an object’s position is changing. In other words, a 
position-time graph can show how an object is moving.

 Figure 12 When did the temperature reach its 
minimum value? 

  Science Content 
Standards

1.f Students know how to interpret 
graphs of position versus time and graphs of 
speed versus time for motion in a single 
direction.
9.d Recognize the slope of the linear graph 

as the constant in the relationship y = kx 
and apply this principle in interpreting 
graphs constructed from data.
9.e Construct appropriate graphs from 

data and develop quantitative statements 
about the relationships between variables.





Table 1 Turtle’s 
Position and Time

Elapsed 
Time (s)

Position 
(cm)

  0   0

 20  40

 40  81

 60 123

 80 158

100 202

Figure 14 The data 
points for the turtle’s 
position versus time 
are linear.

Estimate the position of 
the turtle after 50 s.
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Making a Position-Time Graph
As an example of graphing position, look at the turtle as it 

crawls straight across the sidewalk in Figure 13. You can measure 
the position of the turtle with a meterstick and the elapsed time 
with a digital watch. Every 20 seconds, you write down the posi-
tion and time in a table, such as Table 1. 

Figure 14 shows the graph of the turtle’s position and time data. 
The position of the turtle is plotted on the y-axis, and the elapsed 
time is plotted on the x-axis. The points appear to lie on a line, so 
a ruler was used to draw the best-fit line through the data points. 
The line that is drawn can be used to estimate the position of the 
turtle for times you did not measure.

 
What is plotted on the x-axis on a position-time 
graph? 

Figure 13 The time and position of the turtle are 
measured and recorded to determine the turtle’s speed.

�����������	
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Figure 15 By comparing the positions 
of two turtles on the same graph, you 
can determine which crawled faster.
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Units on Position-Time Graphs
The values plotted on a position-time graph have units. Each 

plotted point is the position at a certain instant of time. Position 
always has units of length, such as centimeters, meters, or kilome-
ters. However, all positions must be measured in the same unit. 
For example, in Figure 14, all positions are measured in the same 
unit—centimeters. All values for time also must have the same 
unit. In Figure 14, the unit for time is seconds.

Using Position-Time Graphs
A position-time graph can be used to compare the motion of 

two objects. For example, the graph in Figure 15 shows how the 
position of two turtles changes in a 400-cm race. The positions of 
the turtles were measured every 20 seconds. The position-time 
data for each turtle was then plotted on the same graph. The 
winning turtle is the one who reaches 400 cm first.

 Figure 15 What was the position of the losing turtle 
when the winning turtle crossed the finish line?

The Slope of a Position-Time Graph
Recall that average speed equals the distance traveled divided by 

the time needed to travel the distance. The winning turtle travels 
400 cm in 200 s. So its average speed is (400 cm)/(200 s), which 
equals 2 cm/s. The losing turtle travels 200 cm in 200 s, so its 
average speed is 1 cm/s. 

The graph in Figure 15 shows that the plotted line for the win-
ning turtle is steeper than the plotted line for the losing turtle. The 
steepness of a line is the slope of the line. On a position-time 
graph, a steeper line means a greater average speed. This means 
that the slope of the line is greater for objects that move faster.

SCIENCE USE V. COMMON USE 
slope
Science Use the steepness of a 
line. The slope of the line on 
the position-time graph equals 
the object’s speed. 
Common Use a hill or 
mountain. Many slopes in 
California are used as ski areas.




[Figure 17] Spec to come

Figure 16 To find 
the slope of a line, the 
origin and another 
point are used to 
calculate the rise and 
the run.
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Calculating the Slope of a Position-Time Graph
Two points must be used to calculate the slope of a line plotted 

on a position-time graph. One point can be the origin of the 
graph, as shown in Figure 16. The other point can be any other 
point on the plotted line. To calculate the slope, first calculate the 
change in units in the vertical direction from the origin to the 
chosen point. This change in the vertical direction sometimes is 
called the rise. It is the number of units the line rises in the verti-
cal direction from the origin.

Next, calculate the change in units in the horizontal direction 
from the origin to the chosen point. This change in the horizontal 
direction is sometimes called the run. The slope is calculated by 
dividing the rise by the run. Figure 17 summarizes how to calcu-
late the slope of a line on a graph.

How is the slope of a line calculated?

Slope and Average Speed
Recall that the average speed of an object is equal to the dis-

tance traveled divided by the time taken to travel that distance. On 
a position-time graph, the slope equals the rise over the run. How-
ever, the rise is the same as the distance traveled. The run equals 
the time needed to travel that distance. As a result, the slope of 
a line on a position-time graph equals the average speed. In 
Figure 16, the rise is equal to 60 m and the run is equal to 3 s. 
Then the average speed is 20 m/s.

Figure 17 The slope of a 
line can be calculated by 
following these steps.
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Average Speed When Speed is Changing
Even when the speed of an object isn’t costant, you can calculate 

its average speed from a position-time graph. Figure 18 is a posi-
tion-time graph for a train that slows down and stops at a station 
for two minutes, and then starts moving again. Notice that the 
graph is not a straight line. Only objects that move at a constant 
speed will have position-time graphs that are straight lines. 
Because the speed of the train isn’t constant, the graph of its 
motion on a position-time graph isn’t a straight line. However, you 
can find its average speed by following a procedure similar to the 
one used in the constant speed case. To find the average speed of 
the entire trip, use the starting and ending data points. Then 
calculate the slope of the line that would connect those two points 
as shown in Figure 18.

 
What is the average speed of the train for the trip 
shown in Figure 18?

Position-Time Graphs for Changing Speed
When an object is changing speed, its position-time graph is a 

curved line. The way the line curves depends on whether the 
object is speeding up or slowing down, For example, between 
0 min and 3 min, the train is slowing down as it pulls into the 
station. As Figure 18 shows, the position-time graph for an object 
that slows down is a line that curves downward. Between 5 min 
and 10 min the train is speeding up after it leaves the station. The 
position-time graph for an object that speeds up is a line that 
curves upward.

ACADEMIC VOCABULARY
similar (SIH muh luhr)
(adjective) having character-
istics in common
The twins are so similar 
only their parents can tell 
them apart.

Figure 18 Even though 
the train’s speed isn’t con-
stant, you can calculate the 
train’s average speed from a 
position-time graph.
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Figure 19 A speed-time graph shows if an 
object is speeding up, slowing down, or mov-
ing with a constant speed.
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Speed-Time Graphs
Another way of graphing motion is to graph 

the instantaneous speed of the object on the y-
axis and the time on the x-axis. This graph does 
not show where the object is, but how the speed 
of the object changes with time.

Constant Speed on a Speed-Time 
Graph

Suppose a car is moving with a constant speed. 
Then at every instant of time its speed is the 
same. If the speed of this car is plotted on a 
speed-time graph, the graph looks like the one 
shown at the top of Figure 19. Because the speed 
is constant, the plotted line is horizontal. A hori-
zontal line on a speed-time graph tells you that 
the object moved at a constant speed. However, 
the faster the speed of the object, the greater the 
distance of the line from the x-axis.

 Figure 19 How does the position 
of the line in the top figure change 
if the car is moving at a faster 
constant speed?

Increasing Speed
If the car speeds up, its speed becomes larger 

as time increases. Then the change in the car’s 
speed on a speed-time graph looks like the graph 
shown in the middle of Figure 19. The plotted 
line slants upward toward the right. This is true 
for any object whose speed is increasing. What’s 
the difference if one object speeds up more 
quickly than another object? Then its plotted line 
on a speed-time graph slants upward more 
steeply and has a steeper slope.

Decreasing Speed
If a car slows down, its speed becomes smaller 

as time increases. Then the change in the car’s 
speed looks like the graph shown in the bottom 
of Figure 19. The plotted line slants downward 
toward the right. If the car slows down more 
quickly, then the line slants downward more 
steeply. Table 2 on the next page summarizes 
position-time graphs and speed-time graphs for 
different types of motion.




Table 2 Position-Time and Speed-Time Graphs

Description of Motion Position-Time Graph Speed-Time Graph

Object is at rest.

Object is moving at a constant speed in the positive reference direction.
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If an object is at rest, the position 
of the object doesn’t change. The 
graph is a horizontal line on a 
position-time graph.

For an object at rest, the speed is 
zero and doesn’t change. The 
graph is a horizontal line on a 
speed-time graph.

For an object with constant speed, 
the position increases linearly with 
time. The slope of the line equals 
the speed.

If the speed is constant, the speed 
doesn’t change. The y-value of the 
horizontal line equals the speed.

Interactive Table Organize information 
about position-time graphs and speed-time 
graphs at . ca8.msscience.com
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Table 2 Position-Time and Speed-Time Graphs

Description of Motion Position-Time Graph Speed-Time Graph

Object is speeding up.

Object is slowing down.
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When the object is speeding up, 
the position increases nonlinearly 
with time. The line on a position-
time graph curves upward.

If the speed is increasing with time, 
the line on a speed-time graph 
slopes upward as time increases.

When the object is slowing 
upward, the position increases 
nonlinearly with time. The line on a 
position-time graph curves 
downward.

If speed is decreasing with time, 
the line on a speed-time graph 
slopes downward as time 
increases.

���������	
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What have you learned?
In this lesson you read about how to represent the motion of an 

object using position-time and speed-time graphs. A position-time 
graph shows how the position of an object changes with time. The 
slope of a line on a position-time graph is the speed of the object. 
To calculate the slope, first choose a point on the line. Then divide 
the rise by the run. If the speed of the object isn’t constant, the 
plotted position-time graph is not a straight line.

A speed-time graph shows how the speed of an object changes 
with time. A horizontal line means the speed is constant. A line 
that slopes upward means the object is speeding up. A line that 
slopes downward means the object is slowing down.

Science nline
For more practice, visit Standards 
Check at  .

Summarize
Create your own lesson 
summary as you design a 
visual aid.

1. Write the lesson title, 
number, and page num-
bers at the top of your 
poster. 

2. Scan the lesson to find 
the red main headings. 
Organize these headings 
on your poster, leaving 
space between each.

3. Design an information 
box beneath each red 
heading. In the box, list 
2–3 details, key terms, 
and definitions from each 
blue subheading.

4. Illustrate your poster with 
diagrams of important 
structures or processes 
next to each information 
box.

ca8.msscience.com

Standards Check

Using Vocabulary 

1.      describes the steep-
ness of a line on a graph. 1.f

2. Define rise and run in your 
own words. 1.f

Understanding Main Ideas

3. State appropriate units for the 
x-axis and y-axis on a position-
time graph for a turtle, a walk-
ing person, and an automobile 
on the highway. 1.f

4. Describe the speed-time 
graph of an object that is not 
moving. 1.f

5. Sequence Draw a graphic 
organizer like the one below 
to show the sequence of steps 
in calculating the slope of a 
line.  1.f

 

6. Describe the motion of the 
object whose position-time 
graph is shown below. 1.f

Applying Math

7. Calculate the slope of the line 
on a position-time graph for a 
car that starts at the origin at 
0 s and moves at a constant 
velocity for 15 s to a position 
300 m from the origin. 9.d

ELA8: R 2.3

http://ca8.msscience.com
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What can you learn 
from a graph?

The graph below represents a student’s 200-m sprint on a bicycle. 

Data

Data Analysis
1. Construct  a data table for the points plotted on the position-

time graph.

2. Calculate  the average speed for the following three time 
intervals: 0–9 s, 9–18 s, and 21–30 s. Also, calculate the average 
speed for the entire ride.

3. Compose  a short paragraph explaining the shape of the posi-
tion-time graph. Suggest reasons why the velocity changed 
over time.

 
Science Content Standards

1.f  Students know how to interpret graphs of position versus time and graphs of speed versus 
time for motion in a single direction.
9.d  Recognize the slope of the linear graph as the constant in the relationship y = kx and apply 

this principle in interpreting graphs constructed from data.
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Problem
You have read that describing motion involves a point of refer-
ence and that you can move in a positive or negative direction 
from that point. You know how to determine average speed using 
the distance traveled and the time it takes to reach a given point. 
You can make graphs representing how objects’ positions and 
speeds change over time. Use this knowledge to collect data and 
produce graphs of a student’s motion.

Form a Hypothesis

 Review  the results from this chapter’s laboratory investigations.

 Make a prediction  about the shape of the motion’s position-
time graph. Make a sketch of your prediction and explain why 
you think it will have that shape.

Collect Data and Make Observations 

1. Read and complete a lab safety form.
2. Write a plan for collecting data that includes a description of 

the motion you will graph. The movement should include at 
least three different speeds. Include in your plan approximate 
distances students will move, how many students will record 
times with stopwatches, and the distance between the timers.

3. Record your observations in a table similar to the one shown 
below.

 Position-Time Data

Time (s) Position (m)

Materials
masking tape
stopwatch
graph paper

Safety Precautions

Graphing Motion

  Science Content 
Standards

1.f Students know how to interpret 
graphs of position versus time and graphs 
of speed versus time for motion in a single 
direction.
9.e Construct appropriate graphs from 

data and develop quantitative statements 
about the relationships between variables. 

���
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Analyze and Conclude

1. Explain  how putting measurements in a table helped you 
organize the data.

2. Construct  a position-time graph of the movement. Put 
position on the y-axis and time on the x-axis.

3. Calculate  the average speed of the student over the entire 
movement.

4. Calculate  the speed of the student during each portion of 
the motion.

5. Compare  the graphed data with your predicted graph. 
Explain  any differences in shape.

6. Describe  what the slope of the graph indicates about the 
student’s motion.

7. Evaluate  your procedure for timing the motion. Explain how 
having more timers would make your graph a more accurate 
representation of the motion. If you had more timers, where 
would you put them to be most useful?

Communicate

 
Write a Report Describe the procedure you 
followed in a written report. Include in your 
report why you chose the procedure you used. 
Also include a discussion of the sources of error in 
your data and how these errors could be reduced.

ELA8: W 2.3
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Automobile Designer

GPS Shows the Way
One way to determine your position anywhere on 
Earth is to use a GPS receiver. GPS stands for Global 
Positioning System, which is a system of 24 opera-
tional satellites, five tracking stations, and GPS 
receivers. By receiving signals from four satellites at 
the same time, a GPS receiver can determine its 
position on Earth’s surface with an accuracy of 
about 10 m. GPS receivers are used in airplanes, 
ships, and even in cars. Some receivers are small 
enough to fit in the palm of your hand. 

All the parts of a car that you see, including the 
headlights, grill, door handles, seats, and steering 
wheel, are designed by automobile designers. They 
also design the shape of the overall vehicle. To 
become an automobile designer, you must com-
bine artistic creativity with technical knowledge of 
automobiles. Your background should include 
courses in art and design, as well as courses in the 
physical sciences.

Visit TechnologyTechnology at ca8.msscience.com for 
more information about GPS. Write a paragraph 
describing several different ways that GPS is 
used. 

Visit CareersCareers at ca8.msscience.com for more 
information on automobile designers. Present a 
news broadcast describing how the design of 
cars might change over the next ten years.

(t)George Steinmetz/CORBIS, (b)CORBIS

http://ca8.msscience.com
http://ca8.msscience.com
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Galileo and Scientifi c 
Theories

Henry Ford and the Assembly Line
Millions of cars are built and sold each year by 
automobile manufacturers. The methods needed 
to build cars and other products in large numbers 
were pioneered by Henry Ford during the early 
1900s. Ford developed the assembly line, where a 
car was assembled step by step as it moved along 
a conveyor belt. Ford’s assembly line helped lower 
the cost of his cars so that millions of people 
could buy them. Today, robots, such as those in 
the photo, perform some jobs on automobile 
assembly lines.

Galileo Galilei was an Italian scientist who lived from 1564 
to 1642. He was one of the first to realize that scientific 
theories had to be tested by carrying out experiments. 
During Galileo’s time, people believed that heavier objects 
would fall faster than lighter ones. Galileo carried out 
experiments that showed that all objects had the same 
acceleration as they fell. Galileo also made astronomical 
observations using a small telescope that he made. These 
observations helped prove that Earth and the planets 
moved around the Sun.

Visit SocietySociety at ca8.msscience.com for more 
information on Henry Ford and the assembly 
line. Make a graph showing the number of 
cars registered in California by year from 1970 
to 2003.

Visit HHistoryistory at ca8.msscience.com for more informa-
tion about Galileo’s life. Write a newspaper article 
describing Galileo’s astronomical discoveries.

ELA8: W 2.1
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Interactive Tutor 

 
Motion occurs when the position of an object changes.

ca8.msscience.com

Standards Study Guide

Lesson 1 Determining Position

 Position is defined relative to a reference point and 
reference directions.
• The position of an object includes the distance and direction from the 

reference point.

• The description of an object’s position in two dimensions requires a reference 
point, called the origin, and two directions perpendicular to each other.

• A vector is quantity that has both size and direction.

• Displacement is a vector that gives the distance and direction for a change in 
position.

• displacement  (p. 53)
• reference point  (p. 48)
• vector  (p. 51)

Lesson 2 Speed, Velocity, and Acceleration

 Speed, velocity, and acceleration describe how an 
object’s position and motion change in time.
• Speed is the rate of change of distance.

• The average speed of an object is the total distance traveled divided by the 
total time that it traveled.

• The velocity of an object is a vector that includes the speed of the object and 
the direction of the object’s motion.

• A velocity vector can be described by an arrow. The length of the arrow 
represents the speed. The direction of the arrow represents the direction of 
motion.

• An object accelerates when it changes the speed or direction of its motion.

• acceleration  (p. 60)
• average speed  (p. 58)
• constant speed  (p. 57)
• instantaneous speed  (p. 57)
• speed  (p. 56)
• velocity  (p. 59)

Lesson 3 Graphing Motion

 Graphs can show how objects change their position 
or speed.
• The slope of the graph of position-time data shows the speed of the 

moving object.

• If the graph of an object’s position versus time is a horizontal line, the 
object’s speed is zero.

• If the graph of an object’s speed versus time is a horizontal line, the object’s 
speed is constant.

• If the graph of speed versus time is not horizontal, the object is speeding up 
or slowing down.

• rise  (p. 67)
• run  (p. 67)
• slope  (p. 66)

1.b, 1.c, 1.d, 1.e, 9.b, 9.f

1.f, 9.d, 9.e

1.a

Download quizzes, key 
terms, and flash cards from 
ca8.msscience.com.

http://ca8.msscience.com
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Using Vocabulary
Match a vocabulary term to each definition below.

9. total distance traveled divided by total time taken

10. a number describing how steep a plotted line on a 
graph is; equal to the rise divided by the run

11. speed at a specific instant in time

12. a quantity with both size and direction

13. rate of change of velocity with time

14. the change in the value of the vertical coordinate 
between two points on a graph

15. a starting point used to describe the position of 
an object

16. a vector that represents the distance and direc-
tion of an object’s change in position

17. rate of change of position with time

Linking Vocabulary and Main Ideas
Use vocabulary terms from page 78 to complete this concept map.

has

size 

is a rate of change
calculated by

dividing

7. 

measured 
from

1. 

Position

rate of change

size of position-time
graph’s

6. 

2. 

3. 

by

8. 

both

direction

5. 
4. 

Standards Review

Visit ca8.msscience.com for:
 ▶  ▶ Vocabulary PuzzleMaker
 ▶  ▶ Vocabulary eFlashcards
 ▶  ▶ Multilingual Glossary

http://ca8.msscience.com
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Standards Review 

Standards Review

ca8.msscience.com

Understanding Main Ideas
Choose the word or phrase that best answers the 
question.

1. Which units could you use for the y-axis of a 
graph of speed-time to display the motion of an 
automobile?
A. cm/s
B. cm/km
C. km/s
D. km/h   1.b

Use the figure below to answer questions 2, 3, and 4.

2. Which best describes the motion of the object 
from 10 s to 20 s?
A. It is not moving.
B. It is moving at a constant positive speed.
C. Its speed is increasing
D. Its speed is decreasing.  1.f

3. What is the average speed of the object for the 
30 s shown in this graph?
A. 0.5 m/s
B. 2 m/s
C. 10 m/s
D. 100 m/s   1.c

4. What is the position of the object at 15 s?
A. 0 m
B. 7.5 m
C. 15 m
D. can’t be determined from this graph 1.f

5. Which of the following equals average speed?
A. acceleration/time
B. (change in velocity)/time
C. distance/time
D. displacement/time   1.b

6. Which of the following is the rate of change of 
velocity with time?
A. acceleration
B. displacement
C. speed
D. vector   1.e

Use the table below to answer questions 7 and 8.

 Distance and Time Data

Runner Distance 
Covered (km)

Time 
(min)

Andrés 11 42

Keshia 7.8 38

Matt 10.5 32

Sandra 8.9 30

7. What is Andrés’s average speed?
A. 0.26 km/min
B. 3.8 km/min 
C. 53 km/min
D. 462 km/min   1.c

8. Which runner has the fastest average speed?
A. Andrés
B. Keshia
C. Matt
D. Sandra   1.c

9. Which describes an object with constant 
velocity?
A. It is changing direction.
B. Its acceleration is increasing.
C. Its acceleration is zero.
D. Its acceleration is negative. 1.e

http://ca8.msscience.com
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Applying Science
10. Propose three different reference points you 

could use to describe where you are right now.
  1.a

11. Relate displacement and distance traveled. When 
does distance traveled equal the magnitude of 
the displacement vector? 1.a

12. Construct a two-dimensional graph showing the 
following locations: school is at the origin; a 
restaurant is 500 m north and 200 m east of the 
school; a bookstore is 300 m south and 300 m 
west of the restaurant. What is the location of the 
bookstore in relation to the school? 1.a

Use the graph below to answer questions 13 and 14.

13. Determine the speed of the object at 4 s. 1.f

14. Compare the acceleration of the object between 
0 s and 3 s and the acceleration between 3 s 
and 5 s. 1.f

15. Describe three ways to change the velocity of 
a car. 1.e

16. Calculate the average speed of a car that travels 
120 km in 2 h. 1.b

17. Compare the information that can be learned 
from a position-time graph and from a speed-
time graph. 1.f

18. Write a short story that illustrates the differences 
between speed, velocity, and acceleration. Your 
story should be a few paragraphs long and 
should use speed, velocity, and acceleration in 
ways that demonstrate the relationships between 
the terms. ELA8: W 2.1

Applying Math

19. On a vacation, Linda’s family traveled 790 km 
at an average speed of 95 km/h. How long did 
the trip take? ALG: 15.0

20. If you rode your bike for 2 h and traveled 
40 km, what was your average speed?
 ALG: 15.0

21. If you rode your bike at an average speed of 
15 km/h for 4 h, how many kilometers did 
you travel? ALG: 15.0

22. The table below shows the distance traveled 
by a car at different times.

 What is the car’s average speed over the time 
period 1 h to 3 h? ALG: 15.0

 Distance Traveled by Car

Distance (km) Time (h)

55 1

120 2

180 3
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 1  What is the distance traveled divided by the 
time taken to travel that distance?

A acceleration  1.b

B velocity 

C speed

D inertia

Use the figure below to answer questions 2 and 3.

 2  The illustration above shows the position of a 
ball at one-second time intervals.  Over which 
time period is the ball’s average speed largest?

A 0 s to 1 s 1.b

B 1 s to 2 s

C 2 s to 3 s

D 3 s to 4 s

 3  What is the average speed of the ball over the 
3-m distance in the illustration above?

A 0.75 m/s 1.c

B 1.0 m/s

C 1.25 m/s

D 1.5 m/s

Use the table below to answer questions 4 and 5.

Distance v. Time

Distance Time

0 0

4 2

8 4

14 6

20 8

26 10

32 12

 4  What is the average speed of the object over the 
time interval 6 s to 12 s? 

A 2.0 m/s 1.b

B 2.7 m/s

C 3.0 m/s

D 5.3 m/s

 5  Over which time interval did the object 
accelerate? 

A 2 s to 4 s 1.e

B 4 s to 6 s

C 6 s to 8 s

D 8 s to 10 s

 6  What does a car’s speedometer measure?

A average speed 1.d

B instantaneous speed

C acceleration

D velocity

http://ca8.msscience.com
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7  Which can occur when an object is accelerating? 

A It speeds up.  1.e

B It slows down. 

C It changes direction.

D all of the above

8  Sound travels at a speed of 330 m/s. How long 
does it take for the sound of thunder to travel 
1,485 m?

A 45 s  1.c

B 4.5 s

C 4,900 s

D 0.22 s

9  The graph below shows a speed-time graph.

 Over what time interval is the speed of the 
object constant in the graph above?

A 0 s to 1 s 1.f

B 1 s to 2 s

C 2 s to 3 s 

D 4 s to 5 s

10  The graph below shows the motion of two 
students.  

 How does the speed of student A compare to the 
speed of student B? 

A It is half as large. 1.f

B It is the same.

C It is twice as large.

D It is three times as large.

11  A car travels for 5.5 h at an average speed of 
75 km/h.  How far did the car travel?

A 0.073 km 1.c

B 13.6 km

C 80.5 km

D 412.5 km

12  Which of the following is a vector?

A distance  1.d

B mass

C speed

D velocity
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