
Section

3 Layers of the 
Atmosphere

Objectives
After this lesson, students will be able to
I.1.3.1 Identify the four main layers of the 
atmosphere.
I.1.3.2 Describe the characteristics of each 
layer.

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
Possible answers include the following:
Where is the ozone layer? (In the upper 
stratosphere) Is the thermosphere cold? (No; 
it is very hot, up to 1,800° C.)

Teaching Resources

• Transparency I6

Preteach

Build Background 
Knowledge
Shooting Stars
Ask: Did you ever see a shooting star? (Most 
students will probably say yes.) What is a 
shooting star? (A meteor burning up because 
of friction as it falls through Earth’s 
atmosphere) Point out that most shooting 
stars are visible from about 50 to 80 km 
above Earth in a layer of atmosphere called 
the mesosphere. This layer protects us from 
being hit by meteorites and other space 
debris. The mesosphere is one of four major 
layers of the atmosphere that students will 
read about in this section.

Help Students Read
KWL Before students read this section, have 
them construct a KWL chart with three 
columns titled, What I Know, What I Want 
to Know, and What I Learned. Have them fill 
in the first two columns now and the final 
column after they have completed the 
section.
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Materials heavy rubber band, plastic 
bag, wide-mouthed glass jar

Time 10 minutes

Tips Check that the rubber band is tight 
and the bag does not have holes in it. 
CAUTION: Advise students to push gently 
on the bag to avoid breaking it or the jar.

Expected Outcome It will be difficult to 
push the bag into or out of the jar.

Think It Over Trying to push the bag into 
the jar decreases the volume and increases 
the air pressure inside the jar. Trying to 
pull the bag out of the jar increases the 
volume and decreases the air pressure 
inside the jar. As a weather balloon 
traveled up, it would expand until it burst 
as the air pressure outside the balloon 
became lower than the air pressure inside.

3 Layers of the Atmosphere

Is Air There?
1. Use a heavy rubber band to tightly secure 

a plastic bag over the top of a wide-
mouthed jar.

2. Gently try to push the bag into the jar. What 
happens? Is the air pressure higher inside or 
outside the bag?

3. Remove the rubber band and line the inside of the jar with 
the plastic bag. Use the rubber band to tightly secure the 
edges of the bag over the rim of the jar.

4. Gently try to pull the bag out of the jar with your fingertips. 
What happens? Is the air pressure higher inside or outside 
the bag?

Think It Over
Predicting  Explain your observations in terms of air pressure. 
How do you think differences in air pressure would affect a  
balloon as it traveled up through the atmosphere?

Reading Preview
Key Concepts
• What are the four main layers of 

the atmosphere?

• What are the characteristics of 
each layer?

Key Terms
• troposphere   • stratosphere
• mesosphere   • thermosphere
• ionosphere   • exosphere

Target Reading Skill
Previewing Visuals  Before you 
read Section 3, preview Figure 9. 
Then write at least two questions 
that you have about the diagram in 
a graphic organizer like the one 
below. As you read, answer your 
questions.

Imagine taking a trip upward into the atmosphere in a hot-air
balloon. You begin on a warm beach near the ocean, at an alti-
tude of 0 kilometers above sea level.

You hear a roar as the balloon’s pilot turns up the burner to
heat the air in the balloon. The balloon begins to rise, and
Earth’s surface gets farther and farther away. As the balloon
rises to an altitude of 3 kilometers, you realize that the air is
getting colder. As you continue to rise, the air gets colder still.
At 6 kilometers you begin to have trouble breathing. The air is
becoming less dense. It’s time to go back down.

What if you could have continued your balloon ride up
through the atmosphere? As you rose higher, the air pressure
and temperature would change dramatically.

 Scientists divide Earth’s atmosphere into four main layers
classified according to changes in temperature. These layers are
the troposphere, the stratosphere, the mesosphere, and the
thermosphere. The four main layers of the atmosphere are shown
in Figure 9. Read on to learn more about each of these layers.

Layers of the Atmosphere

Where is the ozone layer?

A.

Q.

Q.

Hot-air balloon � 
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Differentiated Instruction

Instruct

Use Visuals: Figure 9
Layers of the Atmosphere
Focus Refer students to Figure 9.

Teach Call on students to note the order of 
layers of atmosphere, beginning with the 
layer that is closest to Earth. Ask: Which 
layer of the atmosphere is the outermost 
layer? (The thermosphere) Why does this 
layer have no definite depth? (It extends into 
space and has no definite outer limit.) In 
which layer does weather occur? (the 
troposhere)

Apply Ask: Would you expect the air 
pressure in the stratosphere to be greater or 
less than the air pressure in the 
troposphere? How do you know? (Less—air 
pressure decreases as altitude increases.) 
learning modality: visual

Independent Practice
Teaching Resources

• Guided Reading and Study Worksheet: 
Layers of the Atmosphere

• Transparency I7

 

Student Edition on Audio CD

L1

L2

English Learners/Beginning
Vocabulary: Word Analysis Have 
students pronounce the layers of the 
atmosphere as you point to them in 
Figure 9. Pair students with students who 
are proficient in English, and ask each pair 
to search through the rest of the section to 
find the meanings of the prefixes for each 
layer. learning modality: verbal

L1 English Learners/Intermediate
Vocabulary: Science Glossary
Pronounce and define the key terms for 
this section. As you define each word, point 
to the corresponding layer of atmosphere 
in Figure 9. Have students write the 
descriptions of each layer of atmosphere 
in their science glossaries. learning 
modality: verbal

L2

Monitor Progress L2

Drawing Have students make a diagram of 
the layers of the atmosphere, labeling 
each layer. Students can save their 
drawings in their portfolios.

Answer
Figure 9 about 30 km

Thermosphere (Above 80 km)
The thermosphere extends
from 80 km above Earth’s 
surface outward into space. It 
has no definite outer limit.

Ionosphere (80 to 400 km)
Ions in the ionosphere 
reflect radio waves back to 
Earth. The aurora borealis 
occurs in the ionosphere.

Exosphere (Above 400 km)
Phone calls and television 
pictures are relayed by 
way of communications 
satellites that orbit Earth 
in the exosphere.

Stratosphere (12 to 50 km)
The ozone layer in the 
stratosphere absorbs 
ultraviolet radiation.

Mesosphere (50 to 80 km)
Most meteoroids burn up in the 
mesosphere, producing meteor trails.

Troposphere (0 to 12 km)
Rain, snow, storms, and most 
clouds occur in the troposphere.

FIGURE 9

Layers of the Atmosphere
The atmosphere is divided into 
four layers: the troposphere, the 
stratosphere, the mesosphere, and 
the thermosphere. The thermosphere 
is further divided into the ionosphere 
and the exosphere.
Interpreting Diagrams  How deep is 
the mesosphere?
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Differentiated Instruction
Less Proficient Readers
Labeling a Diagram Make a cross-
sectional sketch of Earth’s atmosphere. 
Provide students with a copy of this sketch. 
Ask them to label each layer and its depth in 
kilometers, and add other important details 
as they read about each layer. learning 
modality: visual

L1 Gifted and Talented
The Jet Stream Have students do 
research to learn about the jet stream, 
winds that blow horizontally around Earth 
at an altitude of about 10 km. Have them 
find out how the jet stream affects weather 
patterns on Earth. Encourage students to 
present their findings using 
diagrams. learning modality: visual

L3

Explorers of the Atmosphere
The atmosphere has been explored
from the ground and from space.

1600 1700 1800

1643
Torricelli Invents
the Barometer
Italian physicist and mathematician
Evangelista Torricelli improved 
existing scientific instruments and 
invented some new ones. In 1643 
he invented the mercury barometer. 

1746
Franklin Experiments 
With Electricity
American statesman and 
inventor Benjamin Franklin
experimented with electricity 
in the atmosphere. To demon-
strate that lightning is a form 
of electricity, Franklin flew a 
kite in a thunderstorm. How-
ever, Franklin did not hold the 
kite string in his hand, as this 
historical print shows.

1804 Gay-Lussac 
Studies the Upper 
Troposphere
French chemist Joseph-
Louis Gay-Lussac 
ascended to a height 
of about 7 kilometers 
in a hydrogen balloon 
to study the upper 
troposphere. Gay-Lussac 
studied pressure, temp-
erature, and humidity.

The Troposphere
You live in the inner, or lowest, layer of Earth’s atmosphere, the
troposphere (TROH puh sfeer). Tropo- means “turning” or
“changing.” Conditions in the troposphere are more variable
than in the other layers. The troposphere is the layer of the
atmosphere in which Earth’s weather occurs.

The depth of the troposphere varies from 16 kilometers
above the equator to less than 9 kilometers above the North
and South poles. Although it is the shallowest layer, the tropo-
sphere contains almost all of the mass of the atmosphere.

As altitude increases in the troposphere, the temperature
decreases. On average, for every 1-kilometer increase in alti-
tude, the air gets about 6.5 Celsius degrees cooler. At the top of
the troposphere, the temperature stops decreasing and stays at
about −60°C. Water here forms thin, feathery clouds of ice.

For: More on the ozone layer
Visit: PHSchool.com
Web Code: cfd-4013

For: More on the ozone 
layer
Visit: PHSchool.com
Web Code: cfd-4013

Download a worksheet that will guide students’ review 
of Internet resources on the ozone layer.

The Troposphere

Teach Key Concepts
Characteristics of the Troposphere
Focus Review the relationship among 
altitude, air pressure, and density.

Teach Ask: Why is this layer called the 
troposphere? (Tropo means “changing,” and 
conditions change more here than in any other 
layer.) What happens to the temperature of 
the toposphere as altitude increases? (It 
decreases.)

Apply Ask students to hypothesize why the 
troposphere extends deeper at the equator. 
(The warmer air causes the air to expand 
upward.) learning modality: logical/
mathematical

Calculating Temperature Changes

Materials graph paper, calculator

Time 10 minutes

Focus Challenge students to calculate the 
temperature for every kilometer above sea 
level in the troposphere.

Teach Tell students that the temperature is 
15°C at sea level. Have students draw a graph 
that shows the temperature of air starting at 
sea level and ending at 10 km.

Apply Have students use references to find 
the height of several mountains and state the 
probable temperature at those heights when 
it is 15°C at sea level. learning modality: 
logical/mathematical

L1

L2

http://www.phschool.com/webcodes10/index.cfm?fuseaction=home.gotoWebCode&wcprefix=cfd&wcsuffix=4013
http://www.phschool.com/webcodes10/index.cfm?fuseaction=home.gotoWebCode&wcprefix=cfd&wcsuffix=4013


The Stratosphere

Teach Key Concepts
Characteristics of the Stratosphere
Focus Remind students that the 
temperature in the stratosphere generally 
increases as altitude increases.

Teach Ask: Why does the temperature in 
the stratosphere increase with altidtude? 
(The middle part contains ozone that absorbs 
energy from the sun and converts it to heat.) 
Why is the ozone layer important to Earth? 
(It protects living things from dangerous 
ultraviolet radiation.)

Apply Explain that ozone absorbs 
ultraviolet light, thus preventing much of it 
from reaching Earth. Exposure to ultraviolet 
light is the major cause of skin cancer. 
learning modality: logical/mathematical

 
Address Misconceptions

The Role of Ozone
Focus Students may think that ozone is 
always harmful because they have heard that 
ozone is an air pollutant.

Teach Explain that ozone that occurs 
naturally in the stratosphere is beneficial. In 
the troposphere, ozone typically forms when 
gases produced by the combustion of fossil 
fuels combine with sunlight to form smog. 
Ozone is toxic, but we breathe it only in the 
troposphere. Ask: How is ozone in the 
stratosphere beneficial? (It absorbs harmful 
radiation.)

Apply Ask: What factor determines 
whether ozone is harmful to us? (Its location 
in the atmosphere) learning modality: 
logical/mathematical

Focus Point out that exploring the 
atmosphere requires scientists or their 
instruments to reach high altitudes.

Teach Ask: What are some ways that 
explorers of the atmosphere have made 
scientific observations at high altitudes? 
(By ascending in balloons, flying kites, and 
attaching instruments to balloons or satellites) 
What have explorers learned through these 
means? (That air pressure decreases with 
altitude, that lightning is a form of electricity, 
how the sun influences the atmosphere, and 
the temperature, air pressure, and humidity at 
various altitudes)

L1

L1

Writing Mode Research

Scoring Rubric 
4 Exceeds criteria, includes detailed 
descriptions of what early explorers took 
with them, what student would take, and 
why
3 Meets criteria but does not include 
detailed descriptions
2 Fails to completely meet criteria
1 Is inaccurate and incomplete

Monitor Progress L2

Skills Check Have students compare and 
contrast the characteristics of the 
troposphere and the stratosphere.

Answers
The ozone layer absorbs
energy from the sun and 

heats the upper stratosphere.

1900 2000 2100

1960 First Weather 
Satellite Launched
TIROS-1, the first weather 
satellite equipped with 
a camera to send data 
back to Earth, was put 
into orbit by the United 
States. As later weather 
satellites circled Earth, 
they observed cloud cover 
and recorded tempera-
tures and air pressures in 
the atmosphere.

1931 Piccard Explores 
the Stratosphere
Swiss-Belgian physicist 
Auguste Piccard made the first 
ascent into the stratosphere. 
He reached a height of about 
16 kilometers in an airtight 
cabin attached to a huge 
hydrogen balloon. Piccard
is shown here with the cabin.

1999
Terra Satellite Launched
The Terra satellite is equipped 
to study Earth‘s surface, atmos-
phere, and oceans from orbit. 
The data it gathers are used to 
help understand changes in 
Earth‘s climate.

The Stratosphere
The stratosphere extends from the top of the troposphere to
about 50 kilometers above Earth’s surface. Strato- means
“layer” or “spread out.” The stratosphere is the second layer
of the atmosphere and contains the ozone layer.

The lower stratosphere is cold, about −60°C. Surprisingly,
the upper stratosphere is warmer than the lower stratosphere.
Why is this? The middle portion of the stratosphere contains a
layer of air where there is much more ozone than in the rest of
the atmosphere. (Recall that ozone is the three-atom form of
oxygen.) When the ozone absorbs energy from the sun, the
energy is converted into heat, warming the air. The ozone layer
is also important because it protects Earth’s living things from
dangerous ultraviolet radiation from the sun.

Why is the upper stratosphere warmer than the 
lower stratosphere?

Research and Write
Imagine you were one of the 
first people to travel into the 
atmosphere in a balloon. 
What would you need to 
take? Find out what the early
explorers took with them in 
their balloons. Write at least 
two paragraphs about what 
you would take and why.



The Mesosphere

Teach Key Concepts
Comparing Stratosphere and 
Mesosphere
Focus Ask students to recall that the upper 
level of the stratosphere is 50 km above sea 
level.

Teach Ask: What characteristics 
differentiate the mesosphere from the 
stratosphere? (In the mesosphere, the 
temperature drops as altitude increases. In the 
stratosphere, temperature generally increases 
with altitude. This layer protects Earth from 
meteors.) 

 

 Why is the mesosphere colder 
than the stratosphere? 

 

(It contains few ozone 
molecules to absorb solar radiation.)

 

 Point out 
that despite the cold temperatures meteors 
burn up in the mesosphere because of the 
friction between the meteor and the gases in 
the mesosphere that create heat.

 

Apply

 

Ask: 

 

Why do you think that the 
moon has many craters? 

 

(The moon has no 
atmosphere, so meteors do not burn up; they 
crash onto the moon’s surface.)

 

learning 
modality: logical/mathematical

 

The Thermosphere

 

Teach Key Concepts

 

Characteristics of the Thermosphere

 

Focus

 

Ask students to describe the 
thermosphere by examining Figure 9. 

 

(Possible answers: It is the uppermost layer. It 
is the deepest layer.)

 

Teach

 

Direct students’ attention to the 
graph in Analyzing Data, “Temperature in 
the Atmosphere.” Ask: 

 

What do you notice 
about the point where each layer begins? 

 

(It 
is near the point where the direction of 
temperature change levels off or reverses.) 

 

Why is the thermosphere very hot? 

 

(The sun 
strikes this layer first.) 

 

What is a distinguishing 
characteristic of the ionosphere? 

 

(Ions form 
in this layer. Radio waves bounce off the ions 
and back to Earth’s surface.)

 

Apply

 

Tell students that when they make a 
long-distance phone call or watch television, 
the signal may travel to and from a satellite 
orbiting in the exosphere.

 

learning 
modality: logical/mathematical

L2

L2

 

Math Skill 

 

Making and interpreting 
graphs 

 

Focus 

 

Tell students that a line graph shows 
how two variables are related.

 

Teach

 

Model how to read the graph by 
directing students to find 80 km on the 
horizontal axis, follow the vertical line until 
it hits the graph line, then read across to the 
vertical axis value, –80.

 

Answers

 

 

 

1.

 

Temperature and altitude; degrees Celsius 
and kilometers

 

2.

 

Approximately –55°C

 

3.

 

Thermosphere

 

4.

 

Temperature decreases as altitude 
increases.

Changing Temperatures
The graph shows how temperatures in the 
atmosphere change with altitude. Use it 
to answer the questions below.

1. Reading Graphs What two variables 
are being graphed? In what unit is each 
measured?

2. Reading Graphs What is the tempera-
ture at the bottom of the stratosphere?

3. Interpreting Data Which layer of the 
atmosphere has the lowest temperature?

4. Making Generalizations Describe how 
temperature changes as altitude 
increases in the troposphere. 

Altitude (km)

Te
m

p
er

at
u

re
 (

ºC
)

0 20 40 60 80 100 120

80

60

40

20

0

–20

–40

–60

–80

Troposphere

Stratosphere Mesosphere Thermosphere

Temperature in the Atmosphere

The Mesosphere
Above the stratosphere, a drop in temperature marks the
beginning of the next layer, the mesosphere. Meso- means
“middle,” so the mesosphere is the middle layer of the atmo-
sphere. The mesosphere begins 50 kilometers above Earth’s
surface and ends at an altitude of 80 kilometers. In the outer
mesosphere, temperatures approach −90°C.

The mesosphere is the layer of the atmosphere that protects
Earth’s surface from being hit by most meteoroids.  Meteoroids
are chunks of stone and metal from space. What you see as a
shooting star, or meteor, is the trail of hot, glowing gases the
meteoroid leaves behind in the mesosphere.

The Thermosphere
Near the top of the atmosphere, the air is very thin. At 80 kilo-
meters above Earth’s surface, the air is only about 0.001 percent as
dense as the air at sea level. It’s as though you took a cubic meter
of air at sea level and expanded it into 100,000 cubic meters at the
top of the mesosphere. The outermost layer of Earth’s
atmosphere is the thermosphere. The thermosphere extends
from 80 kilometers above Earth’s surface outward into space. It
has no definite outer limit, but blends gradually with outer space.

The thermo- in thermosphere means “heat.” Even though
the air in the thermosphere is thin, it is very hot, up to 1,800°C.
This is because sunlight strikes the thermosphere first. Nitro-
gen and oxygen molecules convert this energy into heat.

 



Monitor Progress L2

Answer
The lower part of the 
thermosphere

Assess

Reviewing Key Concepts
1.  a. Troposphere, stratosphere, 
mesosphere, and thermosphere  b. Changes 
in temperature  c. The exosphere or the 
thermosphere
2.  a. Answers will vary. Possible answers 
include the following: Troposphere—where 
weather occurs; stratosphere—contains the 
ozone layer; mesosphere—where meteoroids 
burn up; thermosphere—temperatures are 
extremely high  b. The temperature of the 
troposphere drops with increasing height, or 
altitude. The temperature of the stratosphere 
generally rises with increasing height.  c. The 
gas molecules there are so far apart they 
would rarely collide with you to warm you.

Reteach
Write the names of the layers of the 
atmosphere on the board. Have students 
volunteer details about each layer as you list 
them.

Teaching Resources

• Section Summary: Layers of the 
Atmosphere

• Review and Reinforce: Layers of the 
Atmosphere

• Enrich: Layers of the Atmosphere

L1

Writing Mode Description

Scoring Rubric 
4 Exceeds criteria, includes detailed 
description of how Earth’s surface might be 
if Earth had no atmosphere
3 Meets criteria but lacks detail
2 Includes only brief descriptions
1 Is inaccurate and incomplete

Despite the high temperature, you would not
feel warm in the thermosphere. An ordinary ther-
mometer would show a temperature well below
0°C. Why is that? Temperature is the average
amount of energy of motion of each molecule of a
substance. The gas molecules in the thermosphere
move very rapidly, so the temperature is very high.
However, the molecules are spaced far apart in the
thin air. There are not enough of them to collide
with a thermometer and warm it very much.

The thermosphere is divided into two layers.
The lower layer, called the ionosphere (eye AHN uh sfeer),
begins about 80 kilometers above the surface and extends to
about 400 kilometers. Energy from the sun causes gas mol-
ecules in the ionosphere to become electrically charged parti-
cles called ions. Radio waves bounce off ions in the ionosphere
back to Earth’s surface. Brilliant light displays, such as those
shown in Figure 10, also occur in the ionosphere. In the
Northern Hemisphere, these displays are called the Northern
Lights, or the aurora borealis. Auroras are caused by particles
from the sun that enter the ionosphere near the poles. These
particles strike atoms in the ionosphere, causing them to glow.

Exo- means “outer,” so the exosphere is the outer portion
of the thermosphere. The exosphere extends from about
400 kilometers outward for thousands of kilometers.

What is the ionosphere?

FIGURE 10
Aurora Borealis
The aurora borealis, seen from 
Fairbanks, Alaska, creates a 
spectacular display in the night sky.  

Section 3 Assessment

Target Reading Skill Previewing Visuals  
Refer to your graphic organizer about Figure 9 to 
help you answer the following questions.

Reviewing Key Concepts
1. a. Listing List the four main layers of the 

atmosphere, beginning with the layer closest 
to Earth’s surface.

b. Classifying What properties are used to 
distinguish the layers of the atmosphere?

c. Interpreting Diagrams  According to 
Figure 9, in which layer of the atmosphere 
do communications satellites orbit?

2. a. Identifying Give at least one important 
characteristic of each of the four main layers 
of Earth’s atmosphere.

b. Comparing and Contrasting How does 
temperature change as height increases in 
the troposphere? Compare this to how 
temperature changes with height in the 
stratosphere.

c. Applying Concepts Why would you not feel 
warm in the thermosphere, even though 
temperatures can be up to 1,800°C?

3

Cause and Effect Paragraph How do you 
think Earth’s surface might be different if it 
had no atmosphere? Write a paragraph 
explaining your ideas.
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