
Section

2 Convection and 
the Mantle

Objectives
After completing this lesson, students will be 
able to
F.1.2.1 explain how heat is transferred
F.1.2.2 identify what causes convection 
currents
F.1.2.3 describe convection currents in 
Earth’s mantle

Target Reading Skill
Outlining  Explain that using an outline 
format helps students organize information 
by main topic, subtopic, and details.

Answers 

Convection and the Mantle
I. Types of Heat Transfer

A. Radiation
B. Conduction
C. Convection

II. Convection Currents
III. Convection in Earth’s Mantle

Teaching Resources

• Transparency F3

Preteach

Build Background 
Knowledge
Movement of Air
Ask students: In a room in a drafty house, 
why is it colder near the floor than near the 
ceiling? (Cold air sinks, while hot air rises.) Be 
sure students understand that the air in such 
a room circulates as drafts of cold air move 
over the floor and warmer air from the 
furnace rises. Point out that differences in 
temperature cause this redistribution.

Skills Focus inferring

Materials shallow pan, clear plastic cup, 
hot water, cold water, plastic dropper, food 
coloring

Time 10 minutes

Expected Outcome When students add 
the first droplet, food coloring should move 

toward the center, down to the bottom, and 
then upward along the edges of the cup 
toward the surface. When students add the 
second droplet, the coloring should move 
quickly to the bottom, spread out toward 
the edges of the cup, and then upward.

Think It Over Heat is transferred from the 
hot water in the pan to the cold water in the 

cup. As the water in the bottom of the cup 
warms, it becomes less dense and rises. The 
colder water at the top of the cup sinks, 
setting currents in the water in motion. The 
two droplets moved differently because 
they entered the currents at different places.
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2 Convection and 
the Mantle

How Can Heat Cause 
Motion in a Liquid?
1. Carefully pour some hot water 

into a small, shallow pan. Fill a 
clear, plastic cup about half full 
with cold water. Place the cup in 
the pan.

2. Allow the water to stand for two 
minutes until all motion stops.

3. Fill a plastic dropper with some 
food coloring. Then, holding the 
dropper under the water’s surface 
and slightly away from the edge 
of the cup, gently squeeze a small 
droplet of the food coloring into the water.

4. Observe the water for one minute.
5. Add another droplet at the water’s surface in the middle of 

the cup and observe again.

Think It Over
Inferring How do you explain what happened to the droplets of 
food coloring? Why do you think the second droplet moved in a 
way that was different from the way the first droplet moved?

Reading Preview
Key Concepts
• How is heat transferred?

• What causes convection currents?

• What causes convection currents 
in Earth’s mantle?

Key Terms
• radiation • conduction   
• convection   • density
• convection current   

Target Reading Skill
Outlining An outline shows the 
relationship between major ideas 
and supporting ideas. As you read, 
make an outline about heat 
transfer. Use the red headings for 
the main topics and the blue 
headings for the subtopics.

Earth’s molten outer core is nearly as hot as the surface of the
sun. What makes an object hot? Whether the object is Earth’s
core or a cooking pot, the cause is the same. When an object is
heated, the particles that make up the object move faster. The
faster-moving particles have more energy.

If you have ever touched a hot pot accidentally, you have
discovered for yourself (in a painful way) that heat moves. In
this case, it moved from the hot pot to your hand. The move-
ment of energy from a warmer object to a cooler object is called
heat transfer. To explain how heat moves from Earth’s core
through the mantle, you need to know how heat is transferred.

I. Types of Heat Transfer

   A. Radiation 

   B.

   C.

II. Convection Currents

Convection and the Mantle
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Instruct

Types of Heat Transfer

Teach Key Concepts
Examples of Heat Transfer
Focus Review the types of heat transfer. 

Teach Ask: What are some examples of 
radiation? (Possible answers: heat from a 
stove, warmth from the Sun, heat from a fire) 
Conduction? (Possible answers: burning your 
feet on hot beach sand, warming sore muscles 
with a heating pad, having cold hands after 
making a snowball) Convection? (Possible 
answers: warm air from a register rising to the 
ceiling, cold air from an open freezer sinking to 
the floor)

Apply Ask: How are you experiencing heat 
transfer right now? (Body heat is being 
conducted into any cooler objects that we are 
touching.) learning modality: logical/
mathematical

Classifying Heat Transfer

Materials heat lamp

Time 5 minutes

Focus Review the meaning of radiation.

Teach Turn on a heat lamp, and invite all 
students to walk within a meter of it. Ask: 
How is energy transferred from the lamp to 
your body? (The energy moves across space as 
invisible rays.)

Apply Tell students that the heat from the 
lamp is a type of electromagnetic radiation 
(infrared). Infrared radiation can be felt but 
not seen. Visible light can be seen but not 
felt. learning modality: kinesthetic

Independent Practice
Teaching Resources

• Guided Reading and Study Worksheet: 
Convection and the Mantle

Student Edition on Audio CD
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Differentiated Instruction

English Learners/ Beginning
Vocabulary: Word Analysis Write 
conduction and convection on the board. 
Underline con, which is Latin for “together,” 
in each word. Explain that conduction is 
derived from the Latin and means “to guide 
together.” Heat is guided through a 
conducting substance. Convection means 
“bringing or carrying together.” During 

L1 convection, energy is carried by currents. 
learning modality: verbal

English Learners/Intermediate
Vocabulary: Word Analysis Provide the 
Latin words ductus, which means “guiding 
or directing,” and vehere, which means “to 
carry.” Ask students to relate these words to 
the suffixes in conduction and convection. 
learning modality: verbal

L2

Monitor Progress
Answers

Conduction is heat transfer 
within a material or between 
materials that are in direct 
contact.
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Types of Heat Transfer
Heat always moves from a warmer substance to a cooler sub-
stance. For example, holding an ice cube will make your hand
begin to feel cold in a few seconds. But is the coldness in the ice
cube moving to your hand? No! Since cold is the absence of
heat, it’s the heat in your hand that moves to the ice cube. This
is one of the ways that heat is transferred. There are three types
of heat transfer: radiation, conduction, and convection.

Radiation The transfer of energy through space is called
radiation. Heat transfer by radiation takes place with no direct
contact between a heat source and an object. Sunlight is radia-
tion that warms Earth’s surface. Other familiar forms of radia-
tion include the heat you feel around a flame or open fire.

Conduction Heat transfer within a material or between
materials that are touching is called conduction. For example,
a spoon in a pot of soup heats up by conduction, as shown in
Figure 8. Heat moves from the hot soup and the pot to the par-
ticles that make up the spoon. The particles near the bottom of
the spoon vibrate faster as they are heated, so they bump into
other particles and heat them, too. Gradually the entire spoon
heats up. When your hand touches the spoon, conduction
transfers heat from the spoon directly to your skin. Then you
feel the heat. Conduction is responsible for some of the heat
transfer inside Earth.

What is conduction?

FIGURE 8
Conduction
In conduction, the heated particles 
of a substance transfer heat 
through contact with other 
particles in the substance. 
Conduction heats the spoon and 
the pot itself. That’s why you need 
a mitt to protect your hand from 
the hot handle.
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Instruct

Convection Currents

Teach Key Concepts
Density, Gravity, and Convection
Focus Review the concepts of density and 
gravity with students. These are essential for 
understanding convection currents.

Teach Ask: How does the density of most 
substances change when the substance is 
heated? (In most cases, the density decreases 
because the molecules in the substance move 
farther apart. This is true for air and rock. It 
also is true for freshwater above the 
temperature of 4°C.) Why do less dense 
substances rise? (Gravity pulls everything 
toward Earth’s center. Denser material is 
pulled harder (F = mg), forcing less dense 
material upward.)

Apply Provide students with this problem: 
Oil is less dense than water. What will 
happen if a drop of oil is released at the 
bottom of a glass of water? (The oil drop will 
rise to the surface.) learning modality: 
logical/mathematical

Convection Currents in 
Earth

Teach Key Concepts
Mantle Flow
Focus Tell students that convection in 
Earth’s mantle is very slow. A particle of rock 
in Earth’s mantle might move only a few 
centimeters each year.

Teach Ask: What could cause some rock to 
rise through Earth’s mantle? (It is hotter and 
less dense than surrounding rock.) Why might 
rock sink into Earth’s mantle? (It is cooler 
and more dense than surrounding rock.) How 
can solid rock flow? (Under sufficient heat 
and pressure, solid rock can flow like putty.)

Apply Have students examine Figure 10. 
Explain that the circular cells shown in the 
figure are called convection currents. Ask: 
Where is the hottest rock in each cell? (The 
rising arrow) The coolest? (The sinking 
arrow) learning modality: visual

Teaching Resources

• Transparency F4
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PHSchool.com

For: More on convection currents in 
the mantle

Visit: PHSchool.com
Web Code: cfd-1012

FIGURE 9
Convection Currents
Differences in temperature and 
density cause convection currents. 
In the pot, convection currents arise 
because the soup close to the heat 
source is hotter and less dense than 
the soup near the surface.

Convection Heat can also be transferred by the movement
of fluids—liquids and gases. Convection is heat transfer by the
movement of currents within a fluid. During convection,
heated particles of fluid begin to flow. This flow transfers heat
from one part of the fluid to another.

Heat transfer by convection is caused by differences of tem-
perature and density within a fluid. Density is a measure of
how much mass there is in a volume of a substance. For exam-
ple, rock is more dense than water because a given volume of
rock has more mass than the same volume of water.

When a liquid or gas is heated, the particles move faster and
spread apart. As a result, the particles of the heated fluid
occupy more space. The fluid’s density decreases. But when a
fluid cools, its particles move more slowly and settle together
more closely. As the fluid becomes cooler, its density increases.

Convection Currents
When you heat soup on a stove, convection occurs in the soup, as
shown in Figure 9. As the soup at the bottom of the pot gets hot,
it expands and therefore becomes less dense. The warm, less
dense soup moves upward and floats over the cooler, denser soup.
At the surface, the warm soup cools, becoming denser. Then
gravity pulls this cooler, denser soup back down to the bottom of
the pot, where it is heated again.

A constant flow begins as the cooler, denser soup sinks to the
bottom of the pot and the warmer, less dense soup rises. A
convection current is the flow that transfers heat within a fluid.
Heating and cooling of the fluid, changes in the fluid’s
density, and the force of gravity combine to set convection
currents in motion. Convection currents continue as long as
heat is added. Without heat, convection currents eventually stop.

What is the role of gravity in  creating convection 
currents?
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L2Tracing Heat Flow       Outcomes will 
vary, depending on the type of heating 
system in a student’s home. Be sure that 
students understand that convection plays a 
part in all heating systems, though fans may 
also help circulate the air. Students also may 
conclude that heating units or vents are best 
located near the floor, so that heat rises 
throughout the room.

PHSchool.com

For: More on convection 
currents in the mantle
Visit: PHSchool.com
Web Code: cfd-1012

Students can review convection currents in an online 
activity.

Monitor Progress
Figure 10 Earth’s mantle is like the soup in 
a pot. Earth’s core is the heat source.

Gravity pulls denser (cooler) 
material toward Earth’s

center more strongly than it pulls less dense 
(hotter) material.

Assess

Reviewing Key Concepts
1.  a. radiation, conduction, and 
convection. b. radiation.
2.  a. the flow that transfers heat within a 
fluid.  b. As a fluid is heated, its density 
decreases.  c. Using soup as an example, soup 
near the bottom of the pot is heated. It 
becomes less dense and rises. Cooler, more 
dense soup sinks to the bottom of the pot, 
where it is heated and then rises. The cycle 
continues.
3.  a. the outer core and the mantle.  
b. Cooler rock near the top of the mantle 
sinks as hotter rock near the bottom of the 
mantle rises.  c. Eventually, convection in 
Earth’s mantle will stop. When sufficient heat 
no longer is supplied to the mantle, the rock 
will no longer be able to flow in currents.

Reteach
To help students understand the nature of 
heat transfer, discuss why ice cubes make a 
glass of drinking water colder. (Heat from the 
warmer water is transferred to the colder ice, 
causing some of the ice to melt.)

Performance Assessment
Drawing Have student groups create labeled 
diagrams that illustrate radiation, 
conduction, and convection.

Teaching Resources

• Section Summary: Convection and the 
Mantle

• Review and Reinforce: Convection and the 
Mantle

• Enrich: Convection and the Mantle
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Target Reading Skill Outlining Use the information in 
your outline about heat transfer to help you answer the 
questions below.

Reviewing Key Concepts
1. a. Listing What are the three types of heat transfer?

b. Explaining How is heat transferred through space?
2. a. Defining What is a convection current?

b. Relating Cause and Effect  In general, what happens to 
the density of a fluid as it becomes hotter?

c. Summarizing Describe how convection currents form.
3. a. Identifying Name two layers of Earth in which 

convection currents take place.
b. Relating Cause and Effect  What causes convection 

currents in the mantle?
c. Predicting  What will happen to the convection 

currents in the mantle if Earth’s interior eventually 
cools down? Explain.

Convection
currents

Lithosphere

Mantle

Core

Convection Currents in Earth
In Earth’s mantle, large amounts of heat are transferred
by convection currents, as shown in Figure 10. Heat
from the core and the mantle itself causes convection
currents in the mantle.

How is it possible for mantle rock to flow? Over mil-
lions of years, the great heat and pressure in the mantle
cause solid mantle rock to flow very slowly. Many geol-
ogists think that plumes of mantle rock rise slowly from
the bottom of the mantle toward the top. The hot rock
eventually cools and sinks back through the mantle.
Over and over, the cycle of rising and sinking takes
place. Convection currents like these have been moving
inside Earth for more than four billion years!

There are also convection currents in the outer core.
These convection currents cause Earth’s magnetic field.

FIGURE 10
Mantle Convection
Most geologists think that convection 
currents rise and sink through the mantle.
Applying Concepts What part of Earth’s 
interior is like the soup in the pot? What part 
is like the burner on the stove?

Tracing Heat Flow Convection
currents may keep the air inside 
your home at a comfortable 
temperature. Air is made up of 
gases, so it is a fluid. Regardless of 
the type of home heating system, 
heated air circulates through a 
room by convection. You may have 
tried to adjust the flow of air in a 
stuffy room by opening a window. 
When you did so, you were making 
use of convection currents. With an 
adult family member, study how 
your home is heated. Look for 
evidence of convection currents.
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