
Section

4 Graphing Gas 
Behavior

Objectives
After the lesson, students will be able to
K.2.4.1 Identify the type of relationship 
shown by the graph for Charles’s law.
K.2.4.2 Identify the relationship shown by 
the graph for Boyle’s law.

Target Reading Skill
Previewing Visuals Explain that looking at 
the visuals before they read helps students 
activate prior knowledge and predict what 
they are about to read.

Answers
Sample answer:
What is the relationship between 
temperature and volume? (The volume of a 
gas is directly proportional to its temperature 
under constant pressure.) What does the 
dotted line show? (The dotted line predicts 
how the graph would look if the gas could be 
cooled further.)

Teaching Resources

• Transparency K17

Preteach

Build Background 
Knowledge
Reading Graphs
Show students a graph of daily high or low 
temperatures for the last week in your area. 
Challenge them to determine at a glance 
whether the temperature has risen or fallen 
(or stayed the same) over the last few days. 
Explain that graphs also show at a glance 
how scientific data change.

L2

Skills Focus Drawing conclusions 

Time 15 minutes

Tips Ask: What intervals will you use for 
the horizontal axis? (Sample answer: 
Intervals of 5°C) What intervals will you 
use for the vertical axis? (Sample answer: 
Intervals of 2.0 kPa)

L2 Expected Outcome The graphed data 
will define a line that slants upward to 
the right.

Think It Over The pressure increases as 
temperature increases.

Integrating Mathematics
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4 Graphing Gas Behavior

Can You Graph Gas Behavior?
1. In an experiment, the temperature of 

a gas at a constant volume was varied. 
Gas pressure was measured after each 
5�C change. Use the data in this table 
and follow Steps 2–4 to make a graph.

2. Show temperature on the horizontal 
axis with a scale from 0�C to 25�C. Show pressure 
on the vertical axis with a scale from 0 kPa to 25 kPa. 
(1 kPa = 1,000 Pa.)

3. For each pair of measurements, draw a point on the graph.
4. Draw a line to connect the points.

Think It Over
Drawing Conclusions What happens to the pressure of a gas 
when the temperature is increased at constant volume?

Reading Preview
Key Concepts
• What type of relationship does 

the graph for Charles’s law 
show?

• What type of relationship does 
the graph for Boyle’s law show?

Key Terms
• graph
• origin
• directly proportional
• vary inversely

Target Reading Skill
Previewing Visuals  Before you 
read, preview Figure 23. In a 
graphic organizer like the one 
below, write questions that you 
have about the diagram. As you 
read, answer your questions. Graphs are a way to tell a story with data. A graph is a diagram

that tells how two variables, or factors that change, are related.
If you did the activity above, you made a graph that helped you
understand how the pressure of a gas changes when its temper-
ature is changed. In this section, you will learn how to make and
interpret graphs that relate these and other properties of gases.

A graph consists of a grid set up by two lines, one horizon-
tal and one vertical. Each line, or axis, is divided into equal
units. The horizontal axis, or x-axis, shows the manipulated
variable. The vertical axis, or y-axis, shows the responding
variable. Each axis is labeled with the name of the variable, the
unit of measurement, and a range of values.
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What is the relationship
between gas volume
and temperature?

Graphing Charles's Law

FIGURE 21
Making a Graph
The x-axis (horizontal) and the y-axis
(vertical) form the “backbone” of a graph.
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Differentiated Instruction

Temperature and Volume
Recall that Charles’s law relates the temperature and volume of
a gas that is kept at a constant pressure. You can explore this
relationship by doing an experiment in which you change the
temperature of a gas and measure its volume. Then you can
graph the data you have recorded and interpret the results.

Collecting Data As you can see from the cutaway view in
Figure 22, the gas in the experiment is in a cylinder that has a
movable piston. The piston moves up and down freely, which
allows the gas to change volume and keep the same pressure.
To control the temperature of the gas, the cylinder is placed in
a water bath.

The experiment begins with an ice-water bath at 0�C and
the gas volume at 50 mL. Then the water bath is slowly heated.
Gradually, the temperature increases from 0�C to 100�C. Each
time the temperature increases by 10�C, the volume of the gas
in the cylinder is recorded.

You’ll notice a second set of temperatures listed in the table in
Figure 22. Scientists often work with gas temperatures in units
called kelvins. To convert from Celsius degrees to kelvins (K),
add 273. The kelvin temperatures will be used to graph the data.

What units do scientists use to measure gas 
temperatures?
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FIGURE 22
Temperature and Gas Volume
As the temperature of the water 
bath increases, the gas inside the 
cylinder is warmed by the water. 
The data from the experiment are 
recorded in the notebook table.
Calculating How do you convert 
Celsius degrees to kelvins?

For: Links on gases
Visit: www.SciLinks.org
Web Code: scn-1124

Instruct

Temperature 
and Volume

Teach Key Concepts
Graphing Charles’s Law
Focus Remind students that Charles’s law 
relates the temperature and volume of a gas 
at constant pressure.

Teach Have students examine the graph of 
Charles’s law in Figure 23. Ask: What does 
the line look like? (Sample answer: A straight 
line that could pass through the origin) What 
type of relationship between temperature 
and volume does the graph of Charles’s law 
show? (Sample answer: Volume is directly 
proportional to its temperature under constant 
pressure.)

Apply Have students look at the line on the 
graph. Ask: If the temperature goes down, 
how does the volume change? (Volume 
decreases proportionally.) learning 
modality: visual

Teaching Resources

• Transparency K18

Independent Practice
Teaching Resources

• Guided Reading and Study Worksheet: 
Graphing Gas Behavior

 

Student Edition on Audio CD

For: Links on gases
Visit: www.SciLinks.org
Web Code: scn-1124

Download a worksheet that will guide students’ review 
of Internet sources on gases.

L2

L2

English Learners/Beginning
Comprehension: Link to Visual Use 
Figure 21 to make sure students can identify 
the origin and the axes. Review variable, 
manipulated variable, and responding 
variable. Have students point out where 
each variable is shown on the graph. Show 
how to label the graph with the variable 
name, the unit of measure, and the range of 
values. learning modality: visual

L1 English Learners/Intermediate
Comprehension: Link to Visual
Students can do the Beginning activity and 
then construct a graph, using the data from 
Figure 22. Model how to plot data points. 
Review directly proportional and vary 
inversely. Have students identify the 
relationship shown in their 
graph. learning modality: logical/
mathematical

L2

Monitor Progress L2

Skills Check Have students draw a grid for 
a graph in which the x-axis shows time in 
5-minute intervals for 30 minutes and the 
y-axis shows temperature in 2°C intervals 
for 10 degrees starting at 0°C.

Answers
Figure 22 Add 273.

Scientists often work with
gas temperatures in units 

called kelvins.
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Interpreting Graphs

Materials none

Time 10 minutes

Focus Ask: Which axis on a graph shows 
the manipulated variable? (Horizontal axis) 
Which axis shows the responding variable? 
(Vertical axis)

Teach Challenge students to prove that the 
data table in Figure 22 was used to make the 
graph in Figure 23.

Apply Ask: What is the manipulated 
variable in this experiment? (Temperature) 
The responding variable? (Volume) What 
gas measurement is held constant? 
(Pressure) learning modality: logical/
mathematical

Pressure and Volume

Teach Key Concepts
Graphing Boyle’s Law
Focus Review Boyle’s law. Ask: How does 
the volume of a gas cause its pressure to 
change? (As volume increases, gas pressure 
decreases.)

Teach Have students examine the 
experimental setup in Figure 24. Ask: What 
units are on the pressure gauge? (kPa) 
Which property of gas is kept constant in 
this experiment? (Temperature) What do 
you think will happen to gas particles 
inside the cylinder and to the arrow on the 
pressure gauge if the piston were pushed 
down? (The gas particles will be closer 
together. The arrow on the gauge will point to 
a higher pressure.)

Apply Have students look at the graph in 
Figure 25. Ask: What is the shape of the 
line? (It curves downward from left to right.) 
What relationship does the graph show? (It 
shows that the pressure of a gas varies inversely 
with its volume.) learning modality: visual

Teaching Resources

• Transparency K18

L2

L2

300
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250
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24
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Graphing the Results Look at the graph in
Figure 23. It appears as if the line would continue
downward if data could be collected for lower tem-
peratures. Such a line would pass through the point
(0, 0), called the origin. When a graph of two vari-
ables is a straight line passing through the origin, the
variables are said to be directly proportional to each
other. The graph of Charles’s law shows that the
volume of a gas is directly proportional to its kelvin
temperature under constant pressure.

In reality, the line on the graph cannot be
extended as far as the origin. Remember that if a gas is
cooled enough, it will condense into a liquid. After
that, the volume would no longer change much.
However, the line that results from the data represents
a relationship that is directly proportional.

Pressure and Volume
A different experiment can show how gas pressure and volume
are related when temperature is kept constant. Recall that this
relationship is called Boyle’s law.

Collecting Data The gas in this experiment is also con-
tained in a cylinder with a movable piston. A gauge indicates
the pressure of the gas inside the cylinder. The experiment
begins with the volume of the gas at 300 mL. The pressure of
the gas is 20 kPa. Next, the piston is pushed into the cylinder,
making the gas volume smaller. The pressure of the gas is
recorded after each 50-mL change in volume. Temperature
remains constant.

Charles’s Law
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FIGURE 23
Graphing Charles’s Law
A graph of the data from 
Figure 22 shows the relationship 
known as Charles’s law. The 
dotted line predicts how the 
graph would look if the gas could 
be cooled further.  

FIGURE 24
Pushing on the top of the piston 
decreases the volume of the gas. 
The pressure of the gas increases. 
The data from the experiment are 
recorded in the notebook table.
Predicting  What would happen if 
you pulled up on the piston?
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Monitor Progress L2

Answers
Figure 24 Volume would increase and 
pressure would decrease.

Volume

Assess

Reviewing Key Concepts
1.  a. Directly proportional  b. The volume 
increases.  c. Approximately 74 mL
2.  a. The pressure and the volume of a gas 
are inversely proportional. b. Approximately 
49 kPa  c. Directly proportional—the graph 
is a straight line that could pass through the 
origin; vary inversely—the graph is a curve 
that is steeper near the y-axis and less steep 
near the x-axis.

Reteach
Make copies of the graphs for Charles’s law 
and Boyle’s law. Have students label the 
graphs with the type of relationship shown 
by the graph. Also have them label the 
manipulated and responding variables.

Performance Assessment
Drawing Instruct students to briefly define 
directly proportional and vary inversely. Then 
have them draw a graph to illustrate each 
term.

Teaching Resources

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

Behavior
• Enrich: Graphing Gas Behavior

L1

L2

Finding Graphs        Before students 
begin, suggest that they define the 
following terms for their families: 
manipulated variable, responding 
variable, directly proportional, and vary 
inversely.

L2 Keep Students on Track Have students 
revise their storyboards to include the 
information learned in this section. Make 
sure students review the entire storyboard; 
a change in one part may require a change 
in another. Then have students draw their 
cartoons or write their scripts and stage 
directions. Provide examples of popular 
cartoons for students to use as models. Give 
groups a place to rehearse their skits.

Section 4 Assesment

Target Reading Skill Previewing Visuals  Refer to your 
questions and answers about Figure 23 to help you answer 
Question 1 below.

Reviewing Key Concepts
1. a. Classifying What term describes the relationship 

illustrated by the graph in Figure 23?
b. Relating Cause and Effect  How does the volume of a 

gas change when its temperature is increased at 
constant pressure?

c. Predicting  Suppose the temperature of the gas is 
increased to 400 kelvins (127�C). Use Figure 23 to 
predict the volume of the gas at this temperature.

2. a. Classifying What is the relationship between the 
pressure and the volume of a gas?

b. Estimating Use the graph in Figure 25 to estimate the 
gas pressure when the gas volume is 125 mL.

c. Comparing and Contrasting Compare and contrast 
the Charles’s law and Boyle’s law graphs. How can you 
tell the difference between a graph in which one 
variable is directly proportional to another and a graph 
in which two variables vary inversely?

4

Boyle’s Law
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FIGURE 25
This graph of the data from Figure 24 
shows the relationship between pressure 
and volume known as Boyle’s law.   

Graphing the Results In this pressure-volume
experiment, the manipulated variable is volume. Vol-
ume is shown on the scale of the horizontal axis from
0 mL to 300 mL. The responding variable is pressure.
Pressure is shown on the scale of the vertical axis from
0 kPa to 120 kPa.

As you can see in Figure 25, the plotted points lie
on a curve. Notice that the curve slopes downward
from left to right. Also notice that the curve is steep at
lower volumes and becomes less steep as volume
increases. When a graph of two variables forms this
kind of curve, the variables are said to vary inversely
with one another. Such a relationship means that when
one variable goes up, the other variable goes down in a
regular way. The graph for Boyle’s law shows that the
pressure of a gas varies inversely with its volume at
constant temperature.

What is the manipulated variable in the 
pressure-volume experiment?

Finding Graphs Look for graphs in 
your newspaper or in magazines. 
Point out to members of your 
family which variable is the 
manipulated variable and which is 
the responding variable for each 
graph. Then compare any line 
graphs you have found to the 
graphs in this section. Which of 
your graphs show two variables 
that are directly proportional to 
each other? Do any show variables 
that vary inversely?
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It’s a Gas
Prepare for Inquiry
Key Concept
As the pressure applied to a gas increases, the 
volume that the gas occupies decreases.

Skills Objectives
After this lab, students will be able to
• graph data of gas volume and pressure.
• predict how the volume of a gas changes as 

pressure is increased and decreased.
• interpret data by comparing graphs that 

show how gas volume changes as pressure 
changes.

• draw conclusions about how the volume 
of a gas changes with changing pressure.

• communicate results in an explanatory 
paragraph.

Prep Time 10 minutes

Class Time 20 minutes

Alternative Materials
If available, you can use syringes fitted with a 
Leur-type stopcock or have their own means 
of being sealed.

Teaching Resources

• Lab Worksheet: It’s a Gas

Guide Inquiry
Invitation
Display a small, hand-held pump, such as a 
bicycle pump, with the plunger in the “up” 
position. Ask: What will happen when the 
plunger is pushed down? (Air is forced out.) 
What would happen if the plunger were 
pushed down but the nozzle of the pump 
were sealed to prevent air from getting out? 
(The air inside would be under more and more 
pressure.) CAUTION: Do not actually try this.

L3

Introduce the Procedure
Have students read the procedure. Allow 
them to practice reading the volume of air 
inside the syringe. Ask: Why must the clay 
seal for the syringe be airtight? (If air 
particles escape, the resulting volumes will not 
be accurate.)

Troubleshooting the Experiment
• Have one student hold the syringe upright 

while another uses both hands to balance 

the books. If students have trouble 
balancing the books on the syringe, glue 
the top of each syringe plunger to thick 
cardboard (about 10 cm square).

• Review how to estimate to the nearest 
0.5 cm3. This should give a smoother 
curve when students draw their graphs.

• If students’ results are unusual, check 
whether they have sealed the syringes 
completely.

It’s a Gas
Problem
How does the pressure you exert on a 
syringe affect the volume of the air 
inside it?

Skills Focus
graphing, predicting, 
interpreting data, drawing conclusions

Materials
• strong plastic syringe (with no needle), 

at least 35-cm3 capacity
• modeling clay
• 4 books of uniform weight

Procedure
1. Make a data table in your notebook 

like the one below.

2. Lift the plunger of the syringe as high as it 
will move without going off scale. The vol-
ume inside the syringe will then be as large 
as possible.

3. Seal the small opening of the syringe with a 
piece of clay. The seal must be airtight.

4. Hold the syringe upright with the clay end 
on the table. With the help of a partner, 
place one book on top of the plunger. Steady 
the book carefully so it does not fall.

5. With the book positioned on the 
plunger, read the volume shown by 
the plunger and record it in your 
data table.

6. Predict what will happen as more 
books are placed on top of the 
plunger.

7. Place another book on top of the 
first book resting on the plunger. 
Read the new volume and record it 
in your data table.

8. One by one, place each of the 
remaining books on top of the 
plunger. After you add each book, 
record the volume of the syringe in 
your data table.

9. Predict what will happen as books 
are removed from the plunger one 
by one.

10. Remove the books one at a time. 
Record the volume of the syringe in 
your data table after you remove 
each book. 

Data Table
Adding Books Removing Books

4
3
2
1
0

0
1
2
3
4

Volume (cm3)Number of Books Volume (cm3)Number of Books
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Expected Outcome
As books are added, the volume of the gas in 
the syringe will decrease. As books are taken 
away, the volume of the gas will increase.

Analyze and Conclude
1. Students’ graphs should have correct 
labels. Gas volume should decrease as books 
are added.

2. Students’ graphs should have correct 
labels. Volume should increase as books are 
removed.

3. Predictions from Step 6 will likely be 
confirmed. Predictions from Step 9 may not 
be confirmed because the volume may not 
return to the original volume. As books are 
removed, gas volume may increase less than 
it decreased because of friction in the 
syringe.

4. Sample answer: The graphs are about the 
same shape. However, the data points differ 
because of friction in the syringe.

5. Increasing the pressure (by adding books) 
decreases the volume of air in the syringe.

6. Sample answer: Gas volume decreases by 
a smaller amount each time a book is added. 
Gas particles are being forced closer together 
as more weight is added. Eventually, volume 
will no longer decrease because the gas 
particles are as close as they can be.

Extend Inquiry
Design an Experiment Students may 
suggest placing the sealed syringe in a freezer 
or in ice water, then at room temperature, 
then in hot water. The amount of volume 
change for this temperature range, however, 
might not be very dramatic.

Analyze and Conclude
1. Graphing Make a line graph of the data 

obtained from Steps 5, 7, and 8. Show vol-
ume in cubic centimeters (cm3) on the 
vertical axis and number of books on the 
horizontal axis. Title this Graph 1.

2. Graphing Make a second line graph of 
the data obtained from Step 10. Title this 
Graph 2.

3. Predicting  Did the results you obtained sup-
port your predictions in Steps 6 and 9? 
Explain.

4. Interpreting Data Compare Graph 2 with 
Graph 1. How can you explain any differ-
ences in the two graphs?

5. Drawing Conclusions What does Graph 1 
tell you about how the volume of a gas 
changes with increasing pressure?

6. Communicating Write a paragraph explain-
ing how the volume of the gas changed as 
books were added one by one. Base your 
explanation on what was happening to the 
gas particles in the syringe.

Design an Experiment
How could you use ice and warm water to show 
how the temperature and volume of a gas are 
related? Design an experiment to test the effect 
on the volume of a gas when you change its 
temperature. Obtain your teacher’s permission 
before carrying out your investigation.


