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What did you learn?
1. What are the three types of heat transfer? 

2. What causes the greenhouse effect? 

3. How does dressing in layers keep you warm? 

4. Hang gliders use convection currents to 
stay in the air. Write to explain how convection currents work in 
the atmosphere. Use details from the book to support your answer. 

5. Compare and Contrast How are transverse and 
compressional waves similar? How are they different?
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How is thermal energy 
transferred?
Thermal Energy

All forms of matter contain moving particles. These moving 
particles have kinetic energy, or energy due to motion. Gas particles 
have the most kinetic energy. Liquid particles have less, and solid 
particles have the least. Particles in a substance also have potential 
energy. This is energy due to position.

Thermal energy is the total kinetic and potential energy of the 
particles in a substance. Substances with more particles have more 
thermal energy. A full cup of water has twice as many particles as 
half a cup of water. It also has twice as much thermal energy. 

 A warm cup of water has more thermal energy than a cold one. 
Both cups of water have the same numbers of particles. But the 
warm water particles are moving faster. The more thermal energy 
something has, the more its particles move. They have more kinetic 
energy. More moving particles make substances feel warmer. 

2

Particles in this molten 
glass are constantly 
flowing around each 
other. 

Particles in a solidParticles in a liquid
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Heat
Temperature is the average kinetic energy of a substance.  

When you are sick, you probably have your temperature taken  
with a thermometer. A thermometer measures your body’s average 
kinetic energy. 

Temperature is different from thermal energy. Remember, thermal 
energy is the total kinetic and potential energy in the particles of a 
substance. Temperature is an average. 

If you had a full cup of water and poured half of it out, its amount 
of thermal energy would be half as much. Its temperature, however, 
would remain the same.

Heat is the movement of thermal energy from one substance to 
another. A warmer object can transfer some of its heat to a colder 
object. As an object takes in heat, its temperature rises. The particles 
in the colder object begin to move faster. Their kinetic energy 
increases. 

Heat can move between objects that touch and between objects 
that do not touch. Heat is transferred in three ways: conduction, 
convection, and radiation. 

Many thermometers contain mercury or 
another liquid that expands when heated.

Thermal energy is transferred 
from the body of the lynx to 
the particles in the snow.
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Conduction
Conduction is heat 

transfer between two objects 
that are touching. If you had 
some warm lemonade, you 
might put some ice in it. Some 
of the ice would melt, and the 
lemonade would get cooler.

You might think that the 
ice has made the lemonade 
cooler. Actually, the lemonade 
has made the ice warmer. 
Warmer substances transfer 
heat to colder substances. 
The lemonade loses some 
of its thermal energy to the 
ice. Since the lemonade 
has less thermal energy, its 
temperature drops. 

The particles in the warm 
lemonade are moving more 
quickly than the particles in the 
ice. The lemonade particles bump 
into the ice particles. This speeds 
up the ice particles and slows down 
the lemonade particles. The ice 
cubes become warmer.

The particles of lemonade do 
not travel into the ice. Instead, 
they vibrate and bump into the 
ice particles. Energy moves from 
one particle to another. Energy can 
move from a warmer substance 
to a cooler one. It can also move 
from a warm part of an object to a 
cooler part of the same object.

Surface of 
the Sun
6000°C

Light bulb 
filament
2500°C

Gas flame
2000°C

Molten iron
1500°C

Death Valley
50°C

Melting ice
0°C

Liquid oxygen 
–183°C

Absolute zero
–273°C

Boiling water
100°C

Human body
37°C

Food in a 
freezer 
–18°C

Comparing 
Temperatures
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Convection
Convection is the transfer of thermal energy by the movement of 

a fluid. A fluid is any liquid or gas. 
Warm fluids have lower densities than cold fluids. Because of this, 

cold fluids sink below warm ones. Warm fluids rise up over cold ones. 
This sinking and rising sometimes causes a circular movement called 
a convection current. 

The hang glider shown on this page is able to fly because of 
convection currents. The warm ground heats the air it touches by 
convection. This warm air begins to rise, bringing the land’s thermal 
energy with it. Cool air sinks and rushes in underneath, producing 
wind. When the warm air is high above the ground, it transfers the 
thermal energy to the cold air around it. This cools the air, causing it 
to sink back to the ground. Then the process begins again. 

Radiation
Radiation is the transfer of thermal energy as waves. It can occur 

through matter or empty space. The Sun gives off thermal energy as 
waves. This energy travels through empty space to Earth. The surface 
of Earth reflects some radiation back into the atmosphere. It absorbs 
the rest of the radiation.

Without the atmosphere to trap some of this thermal energy, 
Earth would become very cold. However, if the atmosphere trapped 
too much energy, Earth would become too warm. The trapping 
and holding of thermal energy by the atmosphere is called the 
greenhouse effect. Scientists are worried that an increase of certain 
gases in the atmosphere is warming Earth too much. 

Hang gliders are able to 
stay up in the air due to 
convection currents.

Radiation 
passes through 
Earth’s 
atmosphere.

Sun

Earth

Atmosphere

Some radiation 
is reflected back 
into space.

Greenhouse gases absorb 
some reflected energy. 
The atmosphere warms.

Radiation is 
absorbed. Earth’s 
surface warms.
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Insulation
An insulator is a material that does not easily transfer heat. A 

conductor transfers heat easily. It is the opposite of an insulator. 
Particles in a warmer object move faster than in a cooler object. 

When warm and cool objects touch, the particles in the warmer 
object bump into those in the cooler object. The kinetic energy of the 
cooler object’s particles rises. Conduction causes the cooler object’s 
temperature to rise.

Some materials have particles that vibrate easily. They are good 
conductors. Many metals are good conductors 
because their electrons are not held 
together tightly. The electrons carry 
energy as they move. Liquids and gases 
often are better insulators than solids. 
This is because their particles are more 
spread out. Empty space is also a good 
insulator. Heat cannot move through 
it by conduction or convection, 
because there are no particles to 
vibrate. 

Using Insulators
Have you ever been told to wear many loose layers before going 

out on a cold day? When you put on layers of clothing, there are 
layers of air between them. Since air is a very good insulator, your 
body’s thermal energy does not easily escape and you stay warm. 

Insulators are also used in houses to keep heat inside on cold 
days and outside on hot days. Home insulation is full of air pockets. 
Windows often have two layers of glass with a space full of air in the 
middle. 

Animals also have insulation. Fat, fur, or feathers can help to trap 
heat close to an animal’s body.

This layer of 
empty space 
contains almost 
no air. It slows the 
conduction of heat.

A shiny surface on the 
thermos slows heat 
transfer by radiation.

This house was photographed with a thermal camera to 
show areas where heat escapes. Which color do you think 
represents areas that need to be better insulated?

Air-filled 
insulation such as 
foam is packed 
into hollow walls.

The roof and 
attic are lined 
with fiberglass 
insulation.

Windows have 
a double layer 
of glass. The 
air between the 
layers is a good 
insulator.

Floors are 
covered with 
carpet.
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How do waves carry energy?
Types of Waves

If you throw a rock into a pond, you can see waves moving. Waves 
are a movement of energy through matter. As a wave moves through 
a material, the material does not move along with the wave. The 
particles of the material vibrate, or move back and forth slightly. The 
direction of their movement depends on the type of wave.

There are two main types of waves. The waves in the pond are 
transverse waves. When these waves move in one direction, the 
particles of matter move in another. The wave travels forward, 
but the particles move up and down. Compressional waves work 
differently. Their particles move in the same direction as the wave. As 
the wave travels forward, the particles move back and forth. Sound 
waves are compressional waves. As they move through the air, they 
cause the air particles to move. They strike the particles next to them, 
causing them to move as well. In this way, the waves travel through 
the air to your ears. Sound waves can travel through matter but not 
empty space. Empty space contains no particles to carry sound waves. 

Electromagnetic Spectrum
Like sound, light travels as waves. Unlike sound waves, light 

can travel across empty space. Visible light is only one of many 
types of electromagnetic waves. If you arrange the different 
types of electromagnetic waves by their wavelengths, you get the 
electromagnetic spectrum. Look at the spectrum diagram. The 
wavelengths get longer as you move across the spectrum. Waves with 
longer wavelengths have shorter frequencies. 

Gamma rays, X rays, and ultraviolet rays have shorter wavelengths 
of higher frequency than visible light. Microwaves, radio waves, 
television rays, and infrared light have longer wavelengths of lower 
frequency than visible light. All parts of the electromagnetic spectrum 
carry energy. Waves with shorter wavelengths have more energy.

Transverse wave

Compressional wave

Gamma rays

X rays

Ultraviolet rays

Visible light

Infrared light

Microwaves

Television waves

Radio waves





Absorption of Light
Some colors and materials absorb, or take in, more light than 

others. When objects absorb light, some of the light energy changes 
to heat energy. If you wear dark colors on a sunny day, you might 
get warmer than if you wear light colors. 

Light can also pass through materials. Transparent materials, such 
as clear glass, allow almost all light to pass through them. Materials 
that allow some light to pass through are called translucent. Wax 
paper is a translucent 
material. Opaque materials, 
such as wood or metal, do 
not allow any light to pass 
through.

Electromagnetic waves 
travel through empty space 
at 300,000 kilometers per 
second. This is the speed of 
light. Light travels through 
different materials at different 
speeds. It travels quickly 
through gases because of 
their low density. Light travels 
more slowly through liquids. 
It travels most slowly through 
solids because of their high 
density.
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Refraction and Reflection
Light can change speed as it moves from one material to another. 

This change in speed changes the direction. Refraction is the 
change in direction of light when it moves from one material to 
another. You can see this by placing a spoon in a glass of water. 
When you look at it from the side, the spoon seems to bend at the 
water’s surface. This is because the light changes direction when it 
enters the water. 

Light is reflected when it is not absorbed and does not pass 
through a material. The light is simply bounced back. Reflection 
happens when light bounces off the surface of a material. 

Very smooth materials, such as mirrors, can reflect an image. 
Some surfaces, such as books, are not very smooth. Because of 
their roughness, light bounces off the surface in many directions at 
different angles. The surface is not smooth enough for you to see a 
clear reflection. 

Seeing Color
The wavelengths of light that an 
object absorbs and reflects 
determine its color.

Black objects absorb 
almost all light that 
strikes them.

White objects reflect 
almost all of the light 
that strikes them. White 
is a combination of all 
wavelengths of light.

An object appears red if 
it absorbs all wavelengths 
of light except red. 

Grass is green because it 
absorbs all wavelengths 
of light except green.

A blue object reflects 
only blue wavelengths 
of light. 

Absorption 

Refraction Reflection 
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Glossary
conduction   the transfer of thermal energy between two 

objects that touch

conductor  a material that easily transfers thermal energy

convection   the transfer of thermal energy by the movement 
of the particles of a fluid

heat   the movement of thermal energy from one 
substance to another

insulator   a material that does not easily transfer thermal 
energy

radiation  the transfer of thermal energy as waves

reflection   the bouncing of light rays off the surface of a 
material

refraction   the change in the direction of light when it 
moves from one material to another

thermal energy   the total kinetic and potential energy of the 
particles in a substance
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