
Section 2 Friction and Gravity

Which Lands First?
1. Stack three quarters. Place tape between the quarters to hold 

them tightly together. Place the stack of quarters next to a 
single quarter near the edge of a desk.

2. Put a ruler flat on the desk behind the coins. Line it up 
parallel to the edge of the desk and just touching the coins.

3. Keeping the ruler parallel to the edge of the desk, push the 
coins over the edge at the same time. Observe how long the 
coins take to land.

Think It Over
Predicting  Did you see a difference in the time the coins took to 
fall? Use what you observed to predict whether a soccer ball will 
fall more quickly than a marble. Will a pencil fall more quickly 
than a book? How can you test your predictions?

Reading Preview
Key Concepts
• What factors determine the 

strength of the friction force 
between two surfaces?

• What factors affect the 
gravitational force between 
two objects?

• Why do objects accelerate during 
free fall?

Key Terms
• friction   • static friction   
• sliding friction
• rolling friction   • fluid friction   
• gravity   • mass   • weight   
• free fall   • air resistance   
• terminal velocity   • projectile

Target Reading Skill
Comparing and Contrasting  As 
you read, compare and contrast 
friction and gravity by completing 
a table like the one below. 

What happens when you jump on a sled on the side of a snow-
covered hill? Without actually doing this, you can predict that
the sled will slide down the hill. Now think about what hap-
pens at the bottom of the hill. Does the sled keep sliding?
Again, without actually riding the sled, you can predict that the
sled will slow down and stop.

Why does the sled’s motion change on the side of the hill
and then again at the bottom? In each case, unbalanced forces
act on the sled. The force of gravity causes the sled to accelerate
down the hill. The force of friction eventually causes the sled to
stop. These two forces affect many motions on Earth.

Friction and gravity both act on 
the sled.  

Friction Gravity

Effect on
motion

Depends on

Opposes
motion

Measured in

 � 

2 Friction and 
Gravity

Objectives
After this lesson, students will be able to
M.2.2.1 Describe friction, and identify 
factors that determine the friction force 
between two objects.
M.2.2.2 Identify the factors that affect the 
gravitational force between two objects.
M.2.2.3 Explain why objects accelerate 
during free fall.

Target Reading Skill
Comparing and Contrasting Explain that 
comparing and contrasting information 
shows how ideas, facts, and events are similar 
and different. The results of the comparison 
can help students’ understanding. Possible 
answers include the following:

Answers
Friction:
Effect on Motion: opposes motion; Depends 
on: types of surfaces involved, how hard the 
surfaces push together; Measured in: newtons
Gravity:
Effect on Motion: pulls objects toward one 
another; Depends on: mass and distance; 
Measured in: newtons

Teaching Resources

• Transparency M13

Preteach

Build Background 
Knowledge
Demonstrating Friction
Stack two books on a table. Tie a string 
around the bottom book. Attach an elastic 
band to the string. Pull the elastic band to 
move the books. Now place several round 
pencils under the books, and pull the elastic 
band to move the books. Ask: What do you 
observe about the elastic band when the 
books are pulled? (It stretches.) What 
difference do you observe when pencils are 
placed under the books? (The elastic band 
stretches less.) What causes this difference? 
(The books move more easily with pencils 
underneath.)

L2

Skills Focus Predicting

Materials 4 quarters, ruler, tape

Time 15 minutes

Tips Remind students to keep the ruler 
parallel to the edge of the desk.

Think It Over Students should observe 
that the single coin and the three-coin set 
took the same time to fall. They should 

L1 predict that the soccer ball and the marble 
and the book and the pencil will all take 
the same time to fall. They can test their 
prediction by holding two of the objects 
at the same height, releasing them at the 
same time, and observing whether or not 
they land at the same time.
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Differentiated Instruction

Instruct

Friction

Teach Key Concepts
Types of Friction
Focus Have students recall a time when they 
walked across an icy surface. Ask: Why is it 
more difficult to walk on ice than on the 
floor? (Sample answer: Because your feet slide 
on the ice) Point out that there is more 
friction between your shoes and the floor 
than there is between your shoes and ice.

Teach Write on the board: static friction, 
sliding friction, rolling friction, and fluid 
friction. Challenge students to think of 
examples of each.

Apply Ask: Which type of friction keeps 
your shoes from slipping on the floor? 
(Static friction) learning modality: verbal

Independent Practice
Teaching Resources

• Guided Reading and Study Worksheet: 
Friction and Gravity

 

Student Edition on Audio CD

L2

L2

Special Needs
Displaying Information Have students 
draw or clip from magazines pictures that 
show two surfaces in contact with one 
another. Students can place the drawings 
or clippings on a poster titled Friction. 
After students have finished reading the 
section, have them work in teams to classify 
each picture as sliding, fluid, static, or 
rolling friction. learning modality: visual

L1 Gifted and Talented
Researching Spacecraft reentering Earth’s 
atmosphere encounter tremendous friction 
forces. Have students research the ways in 
which materials are designed to resist or 
reduce the heat generated by the friction of 
reentry. Have students report their findings 
to the class. learning modality: verbal

L3 Monitor Progress L2

Oral Presentation Have students describe 
ways in which friction is important when 
playing their favorite sport. For example, 
friction allows them to run to first base or to 
dribble a basketball.

Answer
Figure 4 Friction acts in the opposite 
direction as motion.

Friction
When a sled moves across snow, the bottom of the sled rubs
against the surface of the snow. In the same way, the skin of a
firefighter’s hands rubs against the polished metal pole during
the slide down the pole. The force that two surfaces exert on
each other when they rub against each other is called friction.

The Causes of Friction  In general, smooth surfaces pro-
duce less friction than rough surfaces. The strength of the
force of friction depends on two factors: how hard the
surfaces push together and the types of surfaces involved.
The skiers in Figure 4 get a fast ride because there is very little
friction between their skis and the snow. The reindeer would
not be able to pull them easily over a rough surface such as
sand. Friction also increases if surfaces push hard against each
other. If you rub your hands together forcefully, there is more
friction than if you rub your hands together lightly.

A snow-packed surface or a metal firehouse pole may seem
quite smooth. But, as you can see in Figure 5, even the smooth-
est objects have irregular, bumpy surfaces. When the irregulari-
ties of one surface come into contact with those of another
surface, friction occurs. Friction acts in a direction opposite to
the direction of the object’s motion. Without friction, a moving
object might not stop until it strikes another object.

Friction force Friction force Direction of motion

FIGURE 5
A Smooth Surface?   
If you look at the polished surface 
of an aluminum alloy under a 
powerful microscope, you’ll find 
that it is actually quite rough.  

FIGURE 4
Friction and Smooth Surfaces  The smooth surfaces of 
the skis make for a fast ride for these Finnish skiers.
Relating Diagrams and Photos  How does the direction 
of friction compare to the direction of motion?
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Help Students Read
Summarizing Refer to the Content 
Refresher for this chapter, which provides 
the guidelines for the Summarizing strategy. 
Summarizing the information presented in 
the text will help students to focus on the 
main ideas and remember what they read. 
Have students read the paragraphs 
describing the four types of friction. Then 
have them summarize each paragraph by 
stating the main idea in their own words.

For: Links on friction
Visit: www.SciLinks.org
Web Code: scn-1322

Students can research friction online.

L1

Skills Focus Drawing conclusions

Materials marbles, two identical pie 
plates

Time 10 minutes

Tips After Step 1, Ask: What kind of 
friction occurred? (Sliding friction) After 
Step 4, Ask: What kind of friction 
occurred? (Rolling friction)

L1
Expected Outcome Students should 
note that the top plate spins more easily 
when the marbles are in place. Possible 
applications include wheels with ball 
bearings.

Extend Have students repeat the 
investigation, substituting water for the 
marbles in Step 3. Lead students to infer 
why lubrication is used in machinery.  
learning modality: kinesthetic

Static Friction  Four types of friction are shown in Figure 6.
The friction that acts on objects that are not moving is called
static friction. Because of static friction, you must use extra
force to start the motion of stationary objects. For example,
think about what happens when you try to push a heavy desk
across a floor. If you push on the desk with a force less than the
force of static friction between the desk and the floor, the desk
will not move. To make the desk move, you must exert a force
greater than the force of static friction. Once the desk is mov-
ing, there is no longer any static friction. However, there is
another type of friction—sliding friction.

Sliding Friction  Sliding friction occurs when two solid
surfaces slide over each other. Sliding friction can be useful.
For example, you can spread sand on an icy path to improve
your footing. Ballet dancers apply a sticky powder to the soles
of their ballet slippers so they won’t slip on the dance floor.
And when you stop a bicycle with hand brakes, rubber pads
slide against the tire surfaces, causing the wheels to slow and
eventually stop. On the other hand, sliding friction is a prob-
lem if you fall off your bike and skin your knee!

Rolling Friction  When an object rolls across a surface,
rolling friction occurs. Rolling friction is easier to overcome
than sliding friction for similar materials. This type of friction
is important to engineers who design certain products. For
example, skates, skateboards, and bicycles need wheels that
move freely. So engineers use ball bearings to reduce the fric-
tion between the wheels and the rest of the product. These ball
bearings are small, smooth steel balls that reduce friction by
rolling between moving parts.

Fluid Friction  Fluids, such as water, oil, or air, are materials
that flow easily. Fluid friction occurs when a solid object
moves through a fluid. Like rolling friction, fluid friction is
easier to overcome than sliding friction. This is why the parts
of machines that must slide over each other are often bathed
in oil. In this way, the solid parts move through the fluid
instead of sliding against each other. When you ride a bike,
fluid friction occurs between you and the air. Cyclists often
wear streamlined helmets and specially designed clothing to
reduce fluid friction.

What are two ways in which friction can be useful?

Spinning Plates
You can compare rolling 
friction to sliding friction.

1. Stack two identical pie 
plates together. Try to spin 
the top plate.

2. Now separate the plates 
and fill the bottom of one 
pie plate loosely with 
marbles.

3. Place the second plate in 
the plate with marbles.

4. Try to spin the top plate 
again. Observe the results.

Drawing Conclusions  What 
applications can you think of 
for the rolling friction 
modeled in this activity?

For: Links on friction
Visit: www.SciLinks.org
Web Code:  scn-1322

http://www.scilinks.org/fromoutside.asp?sciLINKSNumber=scn-1322
http://www.scilinks.org/fromoutside.asp?sciLINKSNumber=scn-1322


Investigating Friction

Materials spring scale; wooden blocks; 
various materials such as sandpaper, 
carpeting, and aluminum foil

Time 15 min

Focus Ask: How would you describe the 
texture of a surface that produces a lot of 
friction? (Sample answer: Rough or gritty)

Teach Have students investigate the friction 
created by different surfaces. Use wooden 
blocks with hooks, or use elastic bands with 
paper clips to attach the spring scale to the 
wooden blocks. Students should drag the 
wooden block over various materials at a 
constant speed. The spring scale reading is 
equal to the friction force. Have students 
compare the friction created by different 
surfaces.

Apply Ask: Which surface tested produced 
the least friction? (Sample answer: 
Aluminum foil) Which surface tested 
produced the most friction? (Sample 
answer: Sandpaper) learning modality: 
kinesthetic

L2

Monitor Progress L2

Writing Have students write a sentence or 
two describing a situation in which friction is 
both a help and a hindrance. (Sample answer: 
Friction slows a car when it is in motion, but 
allows the wheels to move forward without 
slipping.)

Answers
Figure 6 Friction acts in the direction 
opposite the object’s motion.

Static friction allows objects
to remain in place. Sliding 

friction allows moving objects to stop to 
avoid colliding with other objects.

Static Friction �
To make the sled move, the athlete first 
has to overcome the force of static friction. 
Static friction acts in the 
opposite direction to the 
intended motion.

Sliding Friction �
Once the sled is moving, it 
slides over the floor. Sliding 
friction acts between the sled 
and the floor in the opposite 
direction to the sled’s motion.

Rolling Friction �
Rolling friction occurs when 
an object rolls over a surface. 
For the skateboarder, rolling 
friction acts in the direction 
opposite to the skateboard’s 
motion.

Fluid Friction �
When an object pushes fluid 
aside, friction occurs. The surfer 
must overcome the fluid friction 
of the water.

Static friction
Intended direction
of motion

Sliding friction

Direction of motion

Direction
of motionFluid friction

Rolling frictionDirection of motion

FIGURE 6

Types of Friction
Types of friction include static, sliding, rolling, and fluid 
friction.  Making Generalizations  In what direction does 
friction act compared to an object’s motion?



Gravity

Teach Key Skills
Key Ideas About Gravity
Focus Ask: What would happen if I 
dropped my book? (Sample answer: It would 
fall to the floor.)

Teach Write on the board: Universal 
Gravitation, Factors Affecting Gravity, and 
Weight and Mass. Have students locate these 
heads in the text. For each head, have 
students work as a class to write the main 
ideas found in the text under the head.

Apply Ask: Why don’t you notice the pull 
of gravity between most objects? (The forces 
of attraction are weak.) learning modality: 
logical/mathematical

Teaching Resources

• Transparency M14

Measuring Mass and Weight

Materials spring scale, triple-beam balance 
or pan balance

Time 10 minutes

Focus Remind students that mass and 
weight are not the same. Mass is the amount 
of matter in an object; weight is the measure 
of the gravitational force on an object.

Teach Show students the scale and the 
balance. Ask: Which of these is used to 
measure mass? (The balance) Which is used 
to measure weight? (The scale) Point out 
that measurements made using the scale 
would be different on the moon, while 
measurements made using the balance 
would be the same on Earth and the moon.

Apply Ask: What is measured by a 
bathroom scale? (Weight) learning 
modality: visual

L2

L3

Gravity
Would you be surprised if you let go of a pen you were
holding and it did not fall? You are so used to objects
falling that you may not have thought about why they
fall. One person who thought about it was Isaac New-
ton. He concluded that a force acts to pull objects
straight down toward the center of Earth. Gravity  is a
force that pulls objects toward each other.

Universal Gravitation  Newton realized that grav-
ity acts everywhere in the universe, not just on Earth.
It is the force that makes an apple fall to the ground. It
is the force that keeps the moon orbiting around
Earth. It is the force that keeps all the planets in our
solar system orbiting around the sun.

What Newton realized is now called the law of uni-
versal gravitation. The law of universal gravitation
states that the force of gravity acts between all objects in
the universe. This means that any two objects in the
universe, without exception, attract each other. You are
attracted not only to Earth but also to all the other
objects around you. Earth and the objects around you
are attracted to you as well. However, you do not notice
the attraction among objects because these forces are
small compared to the force of Earth’s attraction.

Factors Affecting Gravity  Two factors affect the
gravitational attraction between objects: mass and
distance.  Mass is a measure of the amount of matter in
an object. The SI unit of mass is the kilogram. One kilo-
gram is the mass of about 400 modern pennies. Every-
thing that has mass is made up of matter.

FIGURE 7
Gravity and Acceleration  
Divers begin accelerating as soon 
as they leap from the platform.  

The force of gravity acts between all objects.

If mass increases, the force of gravity increases.

If distance increases, the force of gravity decreases.

FIGURE 8
Gravitational Attraction  
Gravity increases with mass and 
decreases with distance.  Inferring  
The sun’s mass is about 300,000 
times greater than Earth’s mass, 
yet the moon orbits around Earth, 
not the sun. Why?
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Address Misconceptions

Mass and Weight
Focus Most people use the term weight 
when they mean mass. Tell students you 
know of a revolutionary weight-loss plan.

Teach Explain that your weight-loss plan 
consists of a trip to the moon, where you will 
weigh one-sixth of what you do on Earth.

Apply Ask: Why wouldn’t this weight-loss 
plan have the effect most people want? (The 
amount of matter—or mass—in a person’s 
body would not change.) learning modality: 
logical/mathematical

Integrating Life Science
Ask: In what direction do the roots of 
plants grow? (Downward) In what direction 
do the stems of plants grow? (Upward) Tell 
students that plants’ responses to gravity are 
called gravitropism. Negative gravitropism is 
the tendency to grow upward, away from the 
force of gravity. Positive gravitropism is the 
tendency to grow toward the pull of gravity. 
learning modality: verbal

L2

L2

Skills Focus Calculating

Materials balance; four distinct objects, 
such as a book, a shoe, a spiral notebook, a 
pair of scissors

Time 15 minutes

Tips Have students create and use a data 
table.

L2 Expected Outcome Students’ estimates 
will vary. Students can check the 
reasonableness of their answers by 
mentally multiplying the mass by 10.

Extend Have students estimate the mass 
of an object, then measure its weight using 
a scale, then divide by 9.8 m/s2 to find the 
actual mass. learning modality: logical/
mathematical

Monitor Progress L2

Skills Check Ask students to describe in 
their own words the difference between mass 
and weight.

Answers
Figure 8 The moon is much closer to Earth 
than it is to the sun.
Figure 9 The astronaut’s mass is the same 
on Earth and the moon. The astronaut’s 
weight is much less on the moon.

Mass is the amount of
matter in an object; weight is 

the force of gravity on an object.

Weight on Moon  =     270 N
Weight on Earth   =  1,617 N

Mass on Moon      =     165 kg
Mass on Earth       =     165 kg

Astronaut in Spacesuit

Calculating
You can determine the weight 
of an object if you measure its 
mass.

1. Estimate the weight of four 
objects. (Hint: A small 
lemon weighs about 1 N.)

2. Use a balance to find the 
mass of each object. If the 
measurements are not in 
kilograms, convert them to 
kilograms.

3. Multiply each mass by 
9.8 m/s2 to find the weight 
in newtons.

How close to actual values 
were your estimates?

FIGURE 9
Mass and Weight  This astronaut jumps easily on 
the moon.  Comparing and Contrasting  How do 
his mass and weight on the moon compare to his 
mass and weight on Earth?

The more mass an object has, the greater its gravitational
force. Because the sun’s mass is so great, it exerts a large gravi-
tational force on the planets. That’s one reason why the planets
orbit the sun.

In addition to mass, gravitational force depends on the dis-
tance between the objects. The farther apart two objects are, the
lesser the gravitational force between them. For a spacecraft
traveling toward Mars, Earth’s gravitational pull decreases as the
spacecraft’s distance from Earth increases. Eventually the gravi-
tational pull of Mars becomes greater than Earth’s, and the
spacecraft is more attracted toward Mars.

Weight and Mass  Mass is sometimes confused with weight.
Mass is a measure of the amount of matter in an object; weight is
a measure of the gravitational force exerted on an object. The
force of gravity on a person or object at the surface of a planet is
known as weight. So, when you step on a bathroom scale, you
are determining the gravitational force Earth is exerting on you.

Weight varies with the strength of the gravitational force but
mass does not. Suppose you weighed yourself on Earth to be
450 newtons. Then you traveled to the moon and weighed
yourself again. You might be surprised to find out that you
weigh only about 75 newtons—the weight of about 8 kilograms
on Earth! You weigh less on the moon because the moon’s mass
is only a fraction of Earth’s.

What is the difference between weight and mass?



Gravity and Motion

Teach Key Skills
Gravity Causes Acceleration
Focus Ask: What happens to a ball if you 
hold it out in front of you and then release 
it? (It falls to the ground.) Is the ball falling 
faster when it leaves your hand or when it is 
just about to hit the ground? (It falls faster 
when it is about to hit the ground.)

Teach Explain that acceleration means 
speeding up, slowing down, or changing 
direction. Gravity causes objects to 
accelerate. When an object is dropped, 
gravity causes its velocity to increase. When 
an object is thrown horizontally, gravity 
causes a change in direction. Air resistance, a 
type of friction, also affects motion.

Apply Ask: When you throw a baseball, 
how can you tell that the force of gravity is 
acting on it? (The ball eventually falls to the 
ground.) learning modality: verbal

Math Skill Making and interpreting graphs

Focus Tell students that line graphs are 
useful for showing the relationship between 
two variables.

Teach Ask: Why does a straight line 
represent the relationship between these 
two variables? (The speed increases by the 
same amount each second.)

Answers
1. Time is on the horizontal axis, and speed 
is on the vertical axis.
2. The slope is 9.8. The speed increases by 
9.8 m/s each second. 
3. 58.8 m/s
4. The speed values would not change.

L2

Gravity and Motion
On Earth, gravity is a downward force that affects all
objects. When you hold a book, you exert a force that
balances the force of gravity. When you let go of the
book, gravity becomes an unbalanced force and the
book falls.

Free Fall  When the only force acting on a falling
object is gravity, the object is said to be in free fall.
An object in free fall accelerates as it falls. Do you
know why? In free fall, the force of gravity is an
unbalanced force that causes an object to accelerate.

How much do objects accelerate as they fall? Near
the surface of Earth, the acceleration due to gravity is
9.8 m/s2. This means that for every second an object is
falling, its velocity increases by 9.8 m/s. For example,
suppose an object is dropped from the top of a build-
ing. Its starting velocity is 0 m/s. After one second, its
velocity has increased to 9.8 m/s. After two seconds,
its velocity is 19.6 m/s (9.8 m/s + 9.8 m/s). The veloc-
ity continues to increase as the object falls.

While it may seem hard to believe at first, all
objects in free fall accelerate at the same rate regard-
less of their masses. The two falling objects in
Figure 10 demonstrate this principle.

FIGURE 10
Free Fall  
In the absence of air, two objects with 
different masses fall at exactly the 
same rate.  

Rise = 19.6 m/s

Run = 2 s

Motion of an Object in Free Fall

Time (seconds)

Sp
ee

d
 (m

/s
)

0

9.8

19.6

29.4

39.2

49.0

0 1 2 3 4 5

Free Fall
Use the graph to answer the following 
questions.

1. Interpreting Graphs  What variable is on the 
horizontal axis? The vertical axis?

2. Calculating  Calculate the slope of the graph. 
What does the slope tell you about the object’s 
motion?

3. Predicting  What will be the speed of the 
object at 6 seconds?

4. Drawing Conclusions  Suppose another 
object of the same size but with a greater 
mass was dropped instead. How would the 
speed values change?



Differentiated Instruction

Visualizing Air Resistance

Materials (for each group of students) 
stopwatch, two sheets of notebook paper

Time 10 minutes

Focus Ask: Besides gravity, what force acts 
on falling objects? (Air resistance)

Teach Students should work in small groups 
or pairs. Have one student hold a piece of 
notebook paper flat and release it. Have the 
other student measure the time it takes 
for the paper to fall to the ground. Have 
students repeat the procedure with a piece 
of notebook paper that has been crushed 
into a ball. Remind students to drop both 
objects from the same height.

Apply Ask: Why did the flat sheet of 
notebook paper take longer to reach the 
ground? (It has a larger surface area, so the 
force of air resistance is greater.) learning 
modality: kinesthetic

L2

English Learners/Beginning
Vocabulary: Science Glossary
Pronounce and define aloud the following 
key terms for students: free fall, air resistance, 
terminal velocity, and projectile. Write 
definitions of the terms on the board. Have 
students copy the terms in their science 
glossaries. Students can add diagrams or 
pictures to help them remember the meaning 
of the terms. learning modality: verbal

L1 English Learners/Intermediate
Vocabulary: Science Glossary Students 
can expand the Beginning activity by 
writing a sentence using each of the terms. 
Model this activity on the board before 
students begin. Call on volunteers to read 
their sentences aloud. learning modality: 
verbal

L2 Monitor Progress L2

Writing Have students write one or two 
sentences describing the forces acting on a 
falling object.

Answers
Figure 11 The acorn will hit the ground 
first when it and the leaf fall at the same time 
from the tree. In the vacuum tube, they 
would both hit the bottom at the same time.

Video Preview
Video Field Trip
Video Assessment  

Newton Scooters
Newton’s laws of motion describe the relationship 
between forces and motion. In this Chapter Project, 
you will use Newton’s third law to design a vehicle that 
moves without the use of gravity or a power source 
such as electricity. How can you make an object move 
without pushing or pulling it?

Your Goal  To design and build a vehicle that moves 
without an outside force acting on it

Your vehicle must
● move forward by pushing back on something
● not be powered by any form of electricity or use 

gravity in order to move
● travel a minimum distance of 1.5 meters
● be built following the safety guidelines in Appendix A

Plan It!  Preview the chapter to find 
out about Newton’s laws of 
motion. Determine factors that will 
affect the acceleration of your 
vehicle. Brainstorm possible designs 
for your vehicle, but be careful not 
to lock yourself into a single idea. 
Remember that a car with wheels 
is only one type of vehicle.

Think of ways to use household 
materials to build your vehicle. 
Draw a diagram of your proposed 
design and identify the 
force that will propel 
your vehicle. Have your 
teacher approve your 
design. Then build your 
vehicle and see if it works!

Forces

Gravity

Gravity

Gravity

Air
resistance

Air
resistance

Air Resistance  Despite the fact that all objects are supposed
to fall at the same rate, you know that this is not always the case.
For example, an oak leaf flutters slowly to the ground, while an
acorn drops straight down. Objects falling through air experi-
ence a type of fluid friction called air resistance. Remember that
friction is in the direction opposite to motion, so air resistance is
an upward force exerted on falling objects. Air resistance is not
the same for all objects. Falling objects with a greater surface
area experience more air resistance. That is why a leaf falls more
slowly than an acorn. In a vacuum, where there is no air, all
objects fall with exactly the same rate of acceleration.

You can see the effect of air resistance if you drop a flat
piece of paper and a crumpled piece of paper at the same time.
Since the flat paper has a greater surface area, it experiences
greater air resistance and falls more slowly. In a vacuum, both
pieces of paper would fall at the same rate.

Air resistance increases with velocity. As a falling object
speeds up, the force of air resistance becomes greater and greater.
Eventually, a falling object will fall fast enough that the upward
force of air resistance becomes equal to the downward force of
gravity acting on the object. At this point the forces on the object
are balanced. Remember that when forces are balanced, there is
no acceleration. The object continues to fall, but its velocity
remains constant. The greatest velocity a falling object reaches is
called its terminal velocity. Terminal velocity is reached when
the force of air resistance equals the weight of the object.

FIGURE 11
Air Resistance  
Falling objects with a greater 
surface area experience more air 
resistance. In a vacuum, there is 
no air resistance.  Comparing and 
Contrasting  Which object will hit 
the ground first when the leaf and 
acorn fall from the tree? When 
they fall in a tube without air?



Monitor Progress L2

Answers
Figure 12 No, horizontal velocity does not 
affect how fast it will fall.

It pulls the objects toward
 the center of Earth in the 

same way it pulls a dropped object.

Assess

Reviewing Key Concepts
1.  a. Static friction, sliding friction, rolling 
friction, fluid friction  b. The strength of the 
friction force between two surfaces depends 
on the nature of the two surfaces and how 
hard they push together.  c. rolling friction 
and fluid friction
2.  a. The force of gravity acts between all 
objects in the universe.  b. The more mass 
an object has, the greater the strength of its 
gravitational force; the greater the distance 
between two objects, the weaker the 
gravitational force between them.  c. Your 
weight would be greater because the 
gravitational force would be greater.
3.  a. Gravitational force causes the object to 
accelerate toward the center of Earth.  b. An 
object’s mass has no effect on its acceleration 
during free fall.  c. Air resistance increases, 
but the force of gravity remains the same.

Reteach
Have students review the section to make 
lists of examples of friction and gravity 
affecting motion. Ask for volunteers to share 
items from their lists with the class.

Performance Assessment
Writing Have the students write a 
description of the motion of a brick and a 
feather dropped from a 50-meter tall 
building and the motion of the same objects 
dropped in a 50-meter tall tube from which 
the air has been removed.

Teaching Resources

• Section Summary: Friction and Gravity
• Review and Reinforce: Friction and Gravity
• Enrich: Friction and Gravity

L1

L2

Keep Students on Track Have students 
use the information they have learned about 
friction and gravity to assess how these 
forces will affect their vehicles. Have students 
draw a diagram that shows the direction in 
which gravity and friction will act on their 
vehicle. Have students brainstorm ways to 
reduce the friction forces that will affect their 
vehicle.

Writing Mode Exposition/Cause-and-
Effect

Scoring Rubric 
4 Exceeds criteria
3 Meets criteria
2 Paragraph is not detailed and/or includes 
some incorrect information
1 Paragraph does not relate to the topic and/
or includes numerous errors

Section 2 Assessment

Target Reading Skill
Comparing and Contrasting  Use the information 
in your table about friction and gravity to help 
you answer the questions below.

Reviewing Key Concepts
1. a. Listing  What are the four types of friction?

b. Summarizing  What factors affect the friction 
force between two surfaces?

c. Classifying  What types of friction occur 
when you ride a bike through a puddle?

2. a. Identifying  What is the law of universal 
gravitation?

b. Explaining  How do mass and distance affect 
the gravitational attraction between objects?

c. Predicting  What would happen to your 
weight on the surface of a planet whose mass 
was many times greater than Earth’s? Why?

2

Projectile Motion  Rather than dropping a ball
straight down, what happens if you throw it hori-
zontally? An object that is thrown is called a
projectile (pruh JEK tul). Will a projectile that is
thrown horizontally land on the ground at the same
time as an object that is dropped? 

Look at Figure 12. The yellow ball was given a
horizontal push at the same time as the red ball was
dropped. Even though the yellow ball moves hori-
zontally, the force of gravity continues to act on it in
the same way it acts on the red ball. The yellow ball
falls at the same rate as the red ball. Thus, both balls
will hit the ground at exactly the same time. 

In a similar way, an arrow flying toward a target is
a projectile. Because of the force of gravity, the arrow
will fall as it flies toward the target. So if you try to hit
the bull’s-eye, you must aim above it to account for
gravity’s pull. When you throw a projectile at an
upward angle, the force of gravity reduces its vertical
velocity. Eventually, the upward motion of the pro-
jectile will stop, and gravity will pull it back toward
the ground. From this point, the projectile will fall at
the same rate as any dropped object.

How does gravity affect objects that are 
moving horizontally?

FIGURE 12
Projectile Motion  
One ball is dropped vertically and a second 
ball is thrown horizontally at the same time.  
Making Generalizations  Does the horizontal 
velocity of the ball affect how fast it falls?

3. a. Reviewing  Why does an object accelerate 
when it falls toward Earth’s surface?

b. Describing  How does the mass of an object 
affect its acceleration during free fall?

c. Applying Concepts  What force changes 
when a sky diver’s parachute opens? What 
force stays the same?

Cause-and-Effect Paragraph Suppose 
Earth’s gravitational force were decreased 
by half. How would this change affect a 
game of basketball? Write a paragraph 
explaining how the motion of the players 
and the ball would be different.
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