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3 Gas Behavior

Objectives
After this lesson, students will be able to
K.2.3.1 List the types of measurements used 
when working with gases.
K.2.3.2 Explain how the volume, 
temperature, and pressure of a gas are 
related.

Target Reading Skill
Asking Questions Explain that changing 
a head into a question helps students 
anticipate the ideas, facts, and events they are 
about to read.

Answers
Sample questions and answers:
What measurements are useful in studying 
gases? (Volume, temperature, and pressure) 
How are the pressure and volume of gases 
related? (When the pressure of a gas increases 
at constant temperature, its volume decreases.) 
How are the pressure and temperature of 
gases related? (When the temperature of a gas 
increases at constant volume, its pressure 
increases.) How are the volume and 
temperature of gases related? (When the 
temperature of a gas increases at constant 
pressure, its volume increases.)

Teaching Resources

• Transparency K13

Preteach

Build Background 
Knowledge
Gas Pressure and a Balloon
Inflate a balloon. Hold it closed, then ask: 
What happens if there is too much air in the 
balloon? (It will burst.) Point out that the air, 
a mixture of gases, is pushing on the sides of 
the balloon. The balloon is also pushing on 
the gas particles, keeping them inside. 
Release the balloon. Ask: How did the air get 
out of the balloon? (Sample answer: Gas 
particles pushing on the sides of the balloon 
escaped through the opening.)

L2

Skills Focus Inferring

Materials 3 pieces of chalk, sheet of wax 
paper or plastic wrap, plastic bubble wrap, tape

Time 10 minutes

Tips Each student should have a “spotter” 
to prevent him or her from falling off the 
chair.

L1

Expected Outcome The chalk will break 
when dropped by itself and when wrapped 
in wax paper or plastic wrap. It will not 
break when wrapped in bubble wrap.

Think It Over The chalk did not break 
when wrapped in bubble wrap. Sample 
answer: The particles of air inside the 
bubble wrap squeezed together when it hit 
the floor and absorbed the force of impact.

3 Gas Behavior

How Can Air Keep Chalk From Breaking?
1. Stand on a chair and drop a piece of chalk onto a hard 

floor. Observe what happens to the chalk.
2. Wrap a second piece of chalk in wax paper or plastic food 

wrap. Drop the chalk from the same height used in Step 1. 
Observe the results.

3. Wrap a third piece of chalk in plastic bubble wrap. Drop the 
chalk from the same height used in Step 1. Observe the results.

Think It Over
Inferring Compare the results from Steps 1, 2, and 3. What 
properties of the air in the bubble wrap accounted for the 
results in Step 3?

Reading Preview
Key Concepts
• What types of measurements are 

useful when working with gases?

• How are the volume, 
temperature, and pressure of a 
gas related?

Key Terms
• pressure   • Boyle’s law   
• Charles’s law

Target Reading Skill
Asking Questions Before you 
read, preview the red headings. In 
a graphic organizer like the one 
below, ask a what or how question 
for each heading. As you read, 
write the answers to your 
questions.

How do you prepare a hot-air balloon for a morning ride?
First, you inflate the balloon, using powerful air fans. Then you
heat the air inside with propane gas burners. But the balloon
and its cargo won’t begin to rise until the warmer air inside is
less dense than the air outside the balloon. How does this
change occur? How can you keep the balloon floating safely
through the atmosphere? How can you make it descend when
you are ready to land? To answer these and other questions,
you would need to understand the relationships between the
temperature, pressure, and volume of a gas.

Before a flight, a hot-air 
balloon is filled with air.  

Question

What measure-
ments are useful
in studying
gases?

Measurements
useful in 
studying gases
include . . .

Answer

Gases

� 
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Differentiated Instruction

Instruct

Measuring Gases

Teach Key Concepts
Volume, Temperature, Pressure
Focus Ask: What are the properties of 
gases? (No definite shape or volume)

Teach Tell students that the volume, 
temperature, and pressure of a gas helps 
determine its properties. Ask: What is 
volume? (The amount of space that matter 
fills) Emphasize that temperature is the 
measure of the motion of the particles in 
matter. Ask: How does gas exert pressure? 
(Gas particles collide with one another and the 
walls of their container.)

Apply Ask: What affects the shape and 
volume of a gas? (Sample answer: The 
temperature and pressure of the gas and the 
volume of the container it’s in) learning 
modality: verbal

Modeling the Motion of Gas Particles

Materials small box or empty milk carton, 
small marbles or ball bearings

Time 5 minutes

Focus Ask: What happens to the motion of 
gas particles when temperature increases? 
(They move faster.)

Teach Fill the box with marbles, and invite 
students to shake the box at different speeds. 
Ask: When you shake the box quickly, what 
are the marbles modeling? (Gas particles at 
high temperature)

Apply Ask: As “temperature” increased, 
how did the pressure exerted by the “gas 
particles” change? (The pressure increased—
gas particles hit the sides of the box more 
often.) learning modality: kinesthetic

Independent Practice
Teaching Resources

• Guided Reading and Study Worksheet: Gas 
Behavior

 

Student Edition on Audio CD

L2

L1

L2

Less Proficient Readers
Building Vocabulary Before students 
read the section, introduce the words 
contract, expand, compress, and inflate. 
Help students group the words based on 
their meanings. Provide a synonym for a 
word if students do not know its meaning. 

L1 Then, give each student a balloon. 
Challenge students to demonstrate the 
meaning of each word with the balloon. 
Finally, ask students to identify an antonym 
of each word. learning modality: 
kinesthetic

Measuring Gases
How much helium is in the tank in Figure 14? If
you don’t know the mass of the helium, you may
think that measuring the volume of the tank will
give you an answer. But gases easily contract or

expand. To fill the tank, helium was com-
pressed—or pressed together tightly—to
decrease its volume. When you use the helium to
fill balloons, it fills a total volume of inflated bal-

loons much greater than the volume of the tank.
The actual volume of helium you get, however,
depends on the temperature and air pressure that
day. When working with a gas, it is helpful to
know its volume, temperature, and pressure. So
what exactly do these measurements mean?

Volume  From Chapter 1, you know that volume
is the amount of space that matter fills. Volume is
measured in cubic centimeters (cm3), milliliters
(mL), liters (L), and other units. Because gas parti-
cles move and fill the space available, the volume of
a gas is the same as the volume of its container.

Temperature  Hot soup, warm hands, cool
breezes—you are familiar with matter at different
temperatures. But what does temperature tell you?
Recall that the particles within any substance are
constantly moving. Temperature is a measure of
the average energy of random motion of the parti-
cles of a substance. The faster the particles are mov-
ing, the greater their energy and the higher the
temperature. You might think of a thermometer as
a speedometer for molecules.

Even at ordinary temperatures, the average
speed of particles in a gas is very fast. At room tem-
perature, or about 20�C, the particles in a typical
gas travel about 500 meters per second—more
than twice the cruising speed of a jet plane!

FIGURE 14
How Much Helium?
A helium tank the height of this
girl can fill over 500 balloons!
Interpreting Photos  How is the 
helium in the tank different 
from the helium in the balloons?

Administrator
Line

Administrator
Line



Gas Pressure 

Materials round balloon, push pin

Time 10 minutes

Focus Explain that the gas pressure is 
caused by gas particles pushing on the walls 
of a container.

Teach Inflate the balloon and knot the end. 
Ask: Is the air pressure higher inside or 
outside the balloon? (Inside) Explain that 
gas particles inside the balloon are hitting 
the inner surface of the balloon more often 
than gas particles outside the balloon are 
hitting the outside surface of the balloon. 
Carefully prick a hole in the balloon with a 
push pin.

Apply Ask: Why did the balloon deflate? 
(The higher pressure inside the balloon forced 
more gas particles to leave rather than enter 
the balloon through the hole.) learning 
modality: visual

Math Skill Using formulas

Focus Tell students that the pressure of a gas 
is the force of its outward push divided by 
the area of the walls of its container.

Teach Explain that when using formulas, 
the values of the variables must have the 
appropriate units. Ask: For pressure 
measured in Pascals, in what units must 
force be measured? (Newtons) In what units 
must area be measured? (Meters squared)

Answer

L2

P
5,600 N

0.342m2
-------------------- 16,374 Pa= =

Monitor Progress L2

Writing Instruct students to write 
definitions for volume, temperature, and 
pressure using their own words.

Answers
Figure 14 The helium in the tank is at a 
higher pressure and occupies a smaller 
volume.

Pascals (Pa) or kilopascals 
(kPa)

High concentration
of gas particles Low concentration

of gas particles

High Pressure
Higher gas pressure 
inside the ball keeps 
the ball inflated.

Low Pressure
As gas particles escape, 
pressure inside the 
ball decreases.

Pressure  Gas particles constantly collide with one another
and with the walls of their container. As a result, the gas pushes
on the walls of the container. The pressure of the gas is the
force of its outward push divided by the area of the walls of the
container. Pressure is measured in units of pascals (Pa) or kilo-
pascals (kPa). (1 kPa = 1,000 Pa.)

The firmness of a gas-filled object comes from the pressure
of the gas. For example, the air inside a fully pumped basket-
ball has a higher pressure than the air outside. This higher
pressure is due to a greater concentration of gas particles inside
the ball than in the surrounding air. (Concentration is the
number of particles in a given unit of volume.)

When air leaks out of a basketball, the pressure decreases
and the ball becomes softer. Why does a ball leak even when it
has a tiny hole? The higher pressure inside the ball results in
gas particles hitting the inner surface of the ball more often.
Therefore, gas particles inside the ball reach the hole and
escape more often than gas particles outside the ball reach the
hole and enter. Thus, many more particles go out than in. The
pressure inside drops until it is equal to the pressure outside.

What units are used to measure pressure?

Pressure Force
Area
---------------�

FIGURE 15

A Change in Pressure
A punctured basketball deflates as 
the gas particles begin to escape.

Using Formulas
Pressure can be calculated 
using the formula below. 
Force is measured in 
newtons (N). If area is 
measured in square meters 
(m2), pressure is expressed in 
pascals (Pa).

For example, a machine 
exerts a force of 252 N on a 
piston having an area of 
0.430 m2. What is the 
pressure on the piston in Pa?

Practice Problem  A trash 
compactor exerts a force of 
5,600 N over an area of 
0.342 m2. What pressure does 
the compactor exert in Pa? 

Pressure Force
Area
---------------�

Pressure 252 N
0.430 m2
-------------------------�

Pressure 586 Pa�



Differentiated Instruction

Pressure and Volume

Teach Key Concepts
Boyle’s Law
Focus Ask: Why doesn’t a gas have a 
definite volume? (Gas particles can spread 
far apart so the gas takes the shape of its 
container.)

Teach Explain that Boyle’s law describes the 
relationship between the pressure and the 
volume of a gas. Ask: What effect does 
increasing pressure have on gas particles? 
(It pushes them closer together.) As gas 
particles move closer together, how does 
the volume of the gas change? (It decreases.)

Apply Ask: Why do scientists only 
partially fill high-altitude balloons? (As air 
pressure on the outside of the balloon decreases 
at higher altitudes, the helium inside expands. 
If the balloon were overfilled, it would 
burst.) learning modality: verbal

Help Students Read
Using Prior Knowledge Refer to the 
Content Refresher in this chapter, which 
provides guidelines for using this strategy.

Before students read, have them list what 
they know about the relationships of gas 
pressure, volume, and temperature based 
on their experience with balloons. After 
reading the rest of this section, have students 
revise their lists based on their new 
understanding.

Use Visuals: Figure 17
Boyle’s Law
Focus Invite students to examine Figure 17 
and compare the heights of the plungers.

Teach Ask: As more weights are added, 
what happens to the pressure caused by the 
plunger? (It increases.) What happens to the 
space between gas particles? (It decreases.) 
What has happened to gas volume? (It has 
decreased.)

Apply Have students predict what a fourth 
drawing would look like if two more weights 
were added to the plunger top. (The pressure 
increases, and the gas particles move closer 
together.) learning modality: visual

Teaching Resources

• Transparency K14

L2

L1

Special Needs
Modeling Volume and Pressure Give 
students a handful of marbles to model the 
particles of a gas. Encourage students to 
experiment using the same number of 
marbles in smaller and smaller spaces. For 
example, students can place the marbles on 
a desktop, then use their hands to push 
them closer and closer together. Or, 
students can use rectangular blocks to 

L1 define the space. As they push the blocks 
closer together, the space between the 
marbles decreases. Point out that every 
time they move the marbles closer together 
with their hands, they are increasing the 
pressure on the marbles. Be sure students 
also experiment with decreasing pressure to 
observe how the space between the marbles 
increases. learning modality: kinesthetic

Pressure and Volume
Suppose you are using a bicycle pump. By pressing down on
the plunger, you force the gas inside the pump through the
rubber tube and out the nozzle into the tire. What will happen
if you close the nozzle and then push down on the plunger?

Boyle’s Law  The answer to this question comes from exper-
iments done by the scientist Robert Boyle in an effort to
improve air pumps. In the 1600s, Boyle measured the volumes
of gases at different pressures. Boyle found that when the
pressure of a gas at constant temperature is increased, the
volume of the gas decreases. When the pressure is decreased,
the volume increases. This relationship between the pressure
and the volume of a gas is called Boyle’s law.

Boyle’s Law in Action  Boyle’s law plays a role in research
using high-altitude balloons. Researchers fill the balloons with
only a small fraction of the helium gas that the balloons can
hold. As a balloon rises through the atmosphere, the air pres-
sure around it decreases and the balloon expands. If the balloon
were fully filled at takeoff, it would burst before it got very high.

Boyle’s law also applies to situations in which the volume of
a gas is changed. Then the pressure changes in the opposite
way. A bicycle pump works this way. As you push on the
plunger, the volume of air inside the pump cylinder gets
smaller and the pressure increases, forcing air into the tire.

What could cause a helium balloon to burst as it 
rises in the atmosphere?

FIGURE 16
Inflating a Tire
A bicycle pump makes use of the 
relationship between the volume 
and pressure of a gas.

Greatest pressure,
least volume

Increasing pressure,
decreasing volume

Least pressure,
greatest volume

FIGURE 17
Boyle’s Law
As weights are added, 
the gas particles occupy 
a smaller volume. The 
pressure increases.
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Pressure and 
Temperature

Teach Key Concepts
Relating Gas Pressure 
and Temperature
Focus Ask: What causes gas pressure? (Gas 
particles colliding with the walls of their 
container.)

Teach Point out that the number of gas 
particles in each container in Figure 18 is the 
same. Ask: Which container is at a higher 
temperature? (The container on the right) 
Why does that container have higher gas 
pressure? (When gas is heated, the faster 
moving particles bump into each other and the 
sides of the container more often.)

Apply Ask: Why should people check the 
air pressure in their tires in winter? (Air 
pressure will decrease because of decreased 
temperature and the tires may be too soft.)

Extend The active art will show students 
the relationships among gas pressure, 
volume, and temperature. learning 
modality: visual

For: Gas Laws activity
Visit: PHSchool.com
Web Code: cgp-1023

Students can interact with the art of gas 
laws online.

Teaching Resources

• Transparency K15

L2

Solids, Liquids, and Gases
Show the Video Field Trip to let students 
experience the thrills and dangers of scuba 

diving. Discussion question: What happens 
to the volume of nitrogen bubbles when 
pressure decreases? (Nitrogen bubbles 
expand as pressure decreases.) Monitor Progress L2

Oral Presentation Invite students to relate 
Boyle’s law in their own words.

Answers
Decreasing outside pressure 
causes the helium inside the 
balloon to expand.

Gas at high 
temperature

Gas at low
temperature

Low
pressure

High
pressure

For: Gas Laws activity
Visit: PHSchool.com
Web Code: cgp-1023

Pressure and Temperature
If you dropped a few grains of sand onto your hand, you would
hardly feel them. But what if you were caught in a sandstorm?
Ouch! The sand grains fly around very fast, and they would
sting if they hit you. The faster the grains travel, the harder
they hit your skin.

Although gas particles are much smaller than sand grains, a
sandstorm is a good model for gas behavior. Like grains of
sand in a sandstorm, gas particles travel individually and at
high speeds (but randomly). The faster the gas particles move,
the more frequently they collide with the walls of their con-
tainer and the greater the force of the collisions.

Increasing Temperature Raises Pressure  Recall from
Section 2 that the higher the temperature of a substance, the
faster its particles are moving. Now you can state a relationship
between temperature and pressure. When the temperature of
a gas at constant volume is increased, the pressure of the gas
increases. When the temperature is decreased, the pressure
of the gas decreases. (Constant volume means that the gas is in
a closed, rigid container.)

Pressure and Temperature in Action  Have you ever
looked at the tires of an 18-wheel truck? Because the tires need
to support a lot of weight, they are large, heavy, and stiff. The
inside volume of these tires doesn’t vary much. On long trips,
especially in the summer, a truck’s tires can become very hot.
As the temperature increases, so does the pressure of the air
inside the tire. If the pressure becomes greater than the tire can
hold, the tire will burst. For this reason, truck drivers need to
monitor and adjust tire pressure on long trips.

FIGURE 18
Gas Pressure and Temperature
When a gas is heated, the particles 
move faster and collide more with 
each other and with the walls of 
their container. The pressure of 
the gas increases.

Video Preview
Video Field Trip
Video Assessment  

Solids, Liquids, 
and Gases
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Volume and 
Temperature

Teach Key Concepts
Charles’s Law
Focus Ask: How do gas particles respond 
to higher temperatures? (They move faster.)

Teach Explain that the scientist Jacques 
Charles described the relationship between 
gas volume and temperature. Ask: Which 
property of a gas is constant in Charles’s 
law? (Pressure) How does the volume of a 
gas change as its temperature increases? 
(The volume increases because the particles are 
moving farther apart.)

Apply Ask: How does a hot-air balloon 
rise? (Heating increases the volume of air. 
Air particles escape from the bottom opening. 
Fewer air particles inside the balloon cause it 
to be less dense than the outside air, and the 
balloon rises.) learning modality: verbal

Teaching Resources

• Transparency K16

Hot and Cold Balloons 

Materials 2 identical, small balloons, 2 large 
spoons, small tub of hot water, small tub of 
ice water

Time 5 minutes

Focus Remind students that as gas 
temperature increases, volume increases.

Teach Inflate the balloons to the same size, 
allowing room for expansion. Completely 
immerse one balloon in ice water and the 
other in hot water, using the spoons to keep 
them submerged. After 2 minutes, hold up 
the balloons for students to compare. Ask: 
Which balloon is larger? (The balloon in 
hot water)

Apply Ask: Why does volume increase 
when the temperature of a gas increases? 
(The gas particles move faster and farther 
apart, and volume increases.) learning 
modality: visual

L2

L1

Volume and Temperature
In the late 1700s, French scientist Jacques Charles helped start
a new sport. He and others took to the skies in the first
hydrogen balloons. Charles’s interest in balloon rides led him
to discover how gas temperature and volume are related.

Charles’s Law  Jacques Charles examined the relationship
between the temperature and volume of a gas that is kept at a
constant pressure. He measured the volume of a gas at various
temperatures in a container that could change volume. (A
changeable volume allows the pressure to remain constant.)
Charles found that when the temperature of a gas is
increased at constant pressure, its volume increases. When
the temperature of a gas is decreased at constant pressure, its
volume decreases. This principle is called Charles’s law.

Charles’s Law in Action  In Figure 19, you can see the
effects of Charles’s law demonstrated with a simple party balloon.
Time-lapse photos show a balloon as it is slowly lowered into
liquid nitrogen at nearly �200�C, then removed. The changes to
the balloon’s volume result from changes in the temperature of
the air inside the balloon. The pressure remains more or less con-
stant because the air is in a flexible container.

FIGURE 19

Charles’s Law
Changing the temperature of a 
gas at constant pressure changes 
its volume in a similar way.  
Inferring What happens to the 
gas particles in the balloon as the 
gas is warmed?

Lower
temperature,
smaller volume

Higher
temperature,
greater volume

A gas-filled balloon is 
at room temperature.

The balloon is lowered into 
liquid nitrogen at –196�C.

The balloon shrinks as 
gas volume decreases.  When removed from the 

nitrogen, the gas warms 
and the balloon expands.

The balloon is at room 
temperature again.

 � 
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Monitor Progress L2

Answers
Figure 19 The gas particles move faster and 
spread farther apart.

Pressure

Assess

Reviewing Key Concepts
1.  a. Gas pressure is the force of its outward 
push divided by the area of the walls of its 
container.  b. As the moving gas particles 
collide with the walls of their container, they 
push on the container walls.  c. The greater 
number of gas particles inside the basketball 
results in more collisions, which increase the 
outward push of the gas.
2.  a. At constant temperature, when gas 
pressure increases, gas volume decreases.  
b. When the temperature increases, gas 
particles move faster and collide more 
frequently with greater force.  c. Because you 
know that the temperature will increase, the 
volume of the gas in the balloons will also 
increase. To prevent the expansion from 
bursting the balloons, you should not 
completely fill the balloons.

Reteach
Ask: What measurements are useful when 
working with a gas? (Volume, temperature, 
and pressure) Diagram how these three 
properties are related. Invite students to help 
complete the diagram.

Performance Assessment
Skills Check Have students create a table to 
show the relationships among gas volume, 
temperature, and pressure. Also have them 
identify the law that describes that 
relationship.

Teaching Resources

• Section Summary: Gas Behavior
• Review and Reinforce: Gas Behavior
• Enrich: Gas Behavior

L1

L2

Math Skill Using formulas

Answers
3.  Pressure (Pa) Force (N)

Area m2( )
-------------------------=

124,500 N

1.5 m2
------------------------- 83,000 Pa=

Now think again about a hot-air balloon.
Heating causes the air inside the balloon to
expand. Some of the warm air leaves through the
bottom opening of the balloon, keeping the pres-
sure constant. But now, the air inside is less dense
than the air outside the balloon, so the balloon
begins to rise. If the pilot allows the air in the bal-
loon to cool, the reverse happens. The air in the
balloon contracts, and more air enters through
the opening. The density of the air inside
increases, and the balloon starts downward.

Boyle, Charles, and others often described the
behavior of gases by focusing on only two factors
that vary at a time. In everyday life, however, gases
can show the effects of changes in pressure, temper-
ature, and volume all at once. People who work
with gases, such as tire manufacturers and balloon-
ists, must consider these combined effects.

What factor is kept unchanged 
when demonstrating Charles’s law?

Section 3 Assessment

Target Reading Skill Asking Questions Use 
the answers to the questions you wrote about the 
headings to help you answer the questions below.

Reviewing Key Concepts
1. a. Defining How is gas pressure defined?

b. Describing Describe how the motions of gas 
particles are related to the pressure exerted by 
the gas.

c. Relating Cause and Effect  Why does 
pumping more air into a basketball increase 
the pressure inside the ball?

2. a. Reviewing How does Boyle’s law describe 
the relationship between gas pressure and 
volume?

b. Explaining Explain why increasing the 
temperature of a gas in a closed, rigid 
container causes the pressure in the container 
to increase.

c. Applying Concepts Suppose it is the night 
before a big parade, and you are in charge of 
inflating the parade balloons. You just learned 
that the temperature will rise 15�C between 
early morning and the time the parade starts. 
How will this information affect the way you 
inflate the balloons?

3. Using Formulas Suppose the atmosphere 
exerts a force of 124,500 N on a kitchen 
table with an area of 1.5m2. What is the 
pressure in pascals of the atmosphere on 
the table?

3

FIGURE 20
Hot-Air Balloon
Balloonists often use a propane 
burner to heat the air in a balloon.

Administrator
Line

Administrator
Line

Administrator
Line


