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Recognizing Forms of Energy

Where Can You Find Energy?

There is evidence of energy all around you. Energy is making 

things happen—warming things up, allowing things to grow, 

making things move, and so on. Energy is also “waiting” to 

be used. Candy bars on store shelves, gasoline in fuel tanks, 

and sleds perched at the tops of snow-covered hills all have the 

potential to bring about change when the time is right.

Forms of Energy

It is easier to find evidence of energy in the world around 

you if you learn to recognize some of the different forms that 

energy takes.

�
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Motion Energy

Motion energy is the energy present in moving things, such as 

the wind, a racing car, or a soaring ball.

Objects that possess motion energy can make things happen: 

a swinging bat can make a ball soar, a tornado can toss a 

home, and a spinning drill can cut through metal.
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Chemical Energy

Chemical energy is the energy stored in materials such as food, 

batteries, dynamite, and gasoline. The chemicals these materials 

contain determine how much chemical energy they store. Chemi-

cal energy can be used to make things happen. For example:

• The chemical energy in the food you eat gives you the 

energy to jump, think, grow, and do everything else you do.

• The chemical energy in gasoline gives cars the energy 

to move.

• The chemical energy provided by a battery allows a 

flashlight to shine.

• The chemical energy in dynamite gives it the power to 

blast through rock.
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Gravitational Energy

Gravitational energy is the energy stored in objects that are in 

a position to fall, such as the water at the top of a waterfall  

or a wagon at the top of a hill.

When objects fall, their gravitational energy is changed to 

other forms (usually energy of motion), making things hap-

pen—like moving you down a snow-covered mountain or up 

the next hill on a roller coaster.
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Elastic Energy

Elastic energy is the energy stored in stretchy objects when they 

are stretched or springy objects when they are compressed.

When a stretched rubber band or a compressed spring is released, 

its elastic energy is changed to other forms (usually energy of 

motion), making things happen. Elastic energy is what causes an 

arrow to fly or a gymnast to soar above a trampoline.
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Heat Energy

Heat energy is the energy a substance has as a result of its 

temperature. The higher an object’s temperature, the more 

heat energy it has. We use the heat energy of objects every day 

to make things happen—to cook our food, brew our coffee, dry 

our clothes, and style our hair.
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Light Energy

Light energy is the energy carried by light rays. We depend on 

light energy every day to make things happen. Here are some 

of the ways we depend on light energy:

• Without light energy, there would be no life on Earth. 

Energy from the sun warms the Earth, keeping the tem-

perature suitable for living things. Energy from the sun 

gives plants the energy to grow.

• The light energy that enters our eyes allows us to see.

• Very powerful lasers are used to cut metal into precise shapes.

• Doctors use the light energy in x-rays to create “pictures” 

of our bones.

• We use light energy collected by solar panels to meet our 

power needs.
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Electrical Energy

Electrical energy is the energy that electricity provides. The 

modern world runs on electrical energy. Think of how different 

your day would be if you couldn’t depend on electrical energy 

to operate the machines you depend on—washers and dryers, 

televisions, refrigerators, lights, microwave ovens, computers 

and lots more!
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Sound Energy

Sound energy is the energy carried by sound waves. Here are 

some of the ways we depend on sound energy:

• Sound energy moves the tiny bones in our ear, allowing 

us to hear.

• Sound energy is used to peer inside the body during ultra-

sound examinations.

• Instruments vibrate to produce the sound energy that 

brings music to our ears.

• Bats use high-pitched sound energy vibrations for echo-

location of their insect prey. Bat echolocation means 

fewer insect pests feeding on our crops.
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Energy Makes Things Happen

Look around you! There are many forms of energy at work.
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Energy Challenge
Energy makes the circus an exciting place. Try to find examples of eight different 

energy forms at work in the circus scene.
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Recognizing Energy Transfers

Energy Transfers

Every time something happens energy is involved. In fact, it 

is the movement of energy from one object to another, one 

form to another, or one place to another that brings about all 

change. Scientists use the term energy transfer to describe 

the movement of energy.

�
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Energy Transfers and the 
Natural World

Energy transfers are a natural part of our world.

Energy Transfers from the Sun

Energy Fact
The Earth receives  

only half a billionth  

of the energy that 

leaves the sun.

As the third planet from the sun, the Earth receives a steady 

supply of energy from the sun.

The transfer of energy from the sun to the Earth is responsible 

for many of the changes that take place around us.
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Weather changes…

 

 

The Sun and Its Energy Transfers—The 
Source of All Weather

Weather Facts
• Millions of tons of 

water vapor are 

evaporated into  

the air daily.

• Even the “cleanest” 

air found on Earth 

contains about 

1000 dust particles 

per cubic meter  

of air.

• About one million 

cloud droplets are 

contained in one 

drop of rain.

• Clouds and precipitation  As the sun heats up the 

Earth’s waters, some water evaporates and rises into the 

atmosphere. Eventually, it cools and condenses on tiny dust 

particles to form clouds. The size of the droplets grows until 

they are so large that they fall as precipitation.

• Wind  The sun does not heat all parts of the Earth equally. 

The areas around the equator—the tropics—receive more of 

the sun’s energy and are warmer than other parts of the Earth. 

Unequal heating leads to the movement of air—wind—from 

cooler (higher pressure) regions to warmer (lower pressure) 

regions.

• Storms  Storms such as hurricanes also result from the 

transfer of the sun’s energy to Earth. As large bodies of water 

are warmed by the sun, more and more of their water evap-

orates and eventually condenses in the air above. A huge 

amount of energy is released into the air as this occurs. The 

released energy sets the air in motion, spinning it faster and 

wider until a hurricane forms.
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…and plants grow

  

Photosynthesis— 
How the Transfer of Energy from 
the Sun Feeds the Planet

Almost all living things depend on food created by green plants. 

Green plants contain a special pigment (a colored substance) that 

captures the sun’s energy. Plants use this energy (light energy) to 

create food (chemical energy). The transfer of energy from sun-

light to plant food is called photosynthesis. Plants use the food 

they create to grow. When other organisms eat plants, the chemi-

cal energy from the plants is transferred to them.
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Energy Transfers from Inside the Earth

Energy is also transferred from deep within the earth’s piping 

hot center (4300° C to 7200° C), causing changes that we see 

on the surface, such as earthquakes and volcanic eruptions. 

These changes are so dramatic that it is very obvious that 

energy is being transferred. Heat energy from deep within the 

earth is being transferred to the motion energy that literally 

“shakes” our world.

0 km
(0 mi)

1228 km
(763 mi)

3500 km
(2174 mi)

6340 km
(3939 mi)

6378 km
(3963 mi)

Inner Core
 4300C to 

7200C
(7772F to
12992F) Mantle

870C to 3700C
(1598F to 

6692F)

Outer Core
3700C to 4300C
(6692F to 7772F)

Crust
Air Temperature 

to 870C
(1598F)
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Heat Transfer from Earth’s Core— 
The Driving Force Behind 
Earthshaking Events

The center of the earth—its core—is very, very hot! Heat energy 

is transferred from the core out towards the earth’s surface. This 

heat energy makes a layer of rock beneath the surface—the lower 

mantle—so hot that it is semi-molten (able to flow slowly). The 

earth’s crust (the thin surface layer of the earth that we walk on) 

and solid upper mantle rest on the semi-molten lower mantle. As 

the lower mantle slowly flows, shifts occur above it. When there 

are big shifts, earthquakes happen.

A fracture (crack) in the ground caused by an earthquake.

Volcanic eruptions are also the result of heat transfers from earth’s 

core. When heat from the core is transferred to rock beneath the 

earth’s surface, the rock melts. Periodically, this melted (molten) 
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rock escapes out of cracks in the earth’s surface, sometimes explo-

sively, as when a volcanic eruption occurs.

Lava erupting from a volcano. 

Energy Transfers Between Living Things

Some energy transfers happen so slowly, or on such a small 

scale, it is hard to see them at all. For example, logs slowly 

decompose as their chemical energy transfers to the living 

organisms—mushrooms, bacteria, and worms—that feed on it. 

For a large log, this can take decades.

A decomposing log.
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The Food Chain— 
Energy Transfers Between Living Things

The transfer of energy from one organism to another is called  

a food chain. Food chains show how energy is passed from  

one organism to another. The arrows between the organisms 

show the direction of energy flow. The plant is eaten by the 

mouse; the mouse is eaten by the snake; the snake is eaten by 

the hawk.

An example of a food chain.
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Frequently Asked Questions

Does Energy Change When It Is Transferred?

• Sometimes energy changes form when it is 
 transferred.

For example, when sunlight falls on green plants, energy 

is transferred from light to chemical energy.

• Other times energy moves but does not change form.

When a spoon is placed in a bowl of soup, heat energy is 

transferred up the spoon handle without changing form.
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How Can I Tell That Energy Is Being Transferred in the 
Natural World?

Easy, wherever you find change, energy is being transferred!

Seasons Change
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The Earth Changes

  

Living Things Change
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Putting Energy Transfers to Use

Many of the energy transfers that occur around us take place 

with the help of machines. Machines make it possible to 

control energy transfers so that they are useful for us. When 

machines transfer energy they make something useful hap-

pen—spinning our bicycle wheels, cutting our grass, cooking 

our food, and many other things.

�
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Machines and Energy Transfers

T Think About It!
What machines do you 

depend on every day?

Machines make our lives easier. From the minute our alarm 

clock wakes us up in the morning to the time we turn off the 

lights at night, we depend on machines. Machines take in 

energy and transfer it—doing all sorts of work for people.
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Energy Challenge
List all the machines you see in this home. Describe how each machine makes life 

easier and the energy transfers that occur as the machine performs its task. Organize 

your information in a table.
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Floating Machines—
Boats and Energy Transfers

Throughout history, boats have played an important role— 

carrying explorers to distant lands, protecting coastlines, and 

providing coastal communities with food and supplies.

Just like all machines, boats transfer energy to perform useful 

work. Boats do something very useful—they carry us and our 

things across water. And since over two thirds of Earth’s sur-

face is covered by water, boats have been, and still are, one of 

our most important machines.

How Do Boats Transfer Energy to Carry People and 
Things Across Water?

That depends. Different boats use different energy transfers to 

move across water:

Sailboats work by capturing the wind in their sails. As the 

wind is caught, its motion energy is transferred to the motion 

energy of the boat, moving it across the water.
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Rowboats, canoes, and kayaks rely on muscle power to propel 

them forward. The chemical energy in a paddler’s or rower’s 

muscles are used to move their arms. The motion energy of a 

person’s arms is transferred to the oars and paddles, and even-

tually to the boat itself, moving it where the paddler or rower 

wants it to go.

Power boats work by burning fuel (gasoline or diesel). As the 

fuel is burned in the motor, the heat energy produced is usu-

ally transferred to the motion energy of a spinning propeller. 

As the propeller spins, it pushes the water backward, moving 

the boat forward.
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Machines of Today and Yesterday

Many of the machines you depend on were not even around 

when your parents, grandparents, and great-grandparents 

were children. Take a minute to ask them about some of the 

everyday machines around you, such as computers, CD play-

ers, televisions, and cell phones.

• Did they have them, too? If so, what were they like then?

• If they didn’t have these machines, how did they accom-

plish the same tasks? Did they do other things instead?

• What machines were considered “cool” or “cutting edge” 

when they were kids?

You might be surprised by their answers.
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Household Chores in the 18th Century

The pictures below take you back in time to the 18th century. 

Read the description below each item to see how common 

household chores were carried out.

Fireplaces were used not only to heat homes, but also to bake 

bread and provide hot water for cooking and cleaning. The 

ashes were used to make soap.
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Candles were an important source of light within an 18th cen-

tury home. Candles were handmade using fat from animals 

that were butchered for food.

Wrinkles were removed from clothes using a heavy piece of 

iron with a handle and a flat underside that was heated in a 

fireplace. Now you know why it’s called an “iron”!
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People scrubbed dirty clothes in big wooden tubs against a 

wooden board with a rippled surface, known as a washboard.

After scrubbing, laundry was often hung outdoors on a 

clothesline to dry. (Laundry was also dried indoors by laying it 

over a wooden rack placed in front of a fireplace.)
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Clocks and pocket watches were considered expensive items in 

the 18th century. In their place, many people used the falling 

sand of an hourglass or the path the sun’s shadow took on a 

sundial to keep track of time.
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     T Think About It!
What machines are used 

to carry out these same 

functions today? What are 

the benefits of using these 

machines over the earlier 

methods? Are there any 

disadvantages?

Special stone buildings were built over springs to keep foods 

such as milk cool. The naturally cool spring waters would flow 

around crocks of milk kept inside the building to keep the milk 

from spoiling.
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Testing Your Energy IQ

You have learned some of the ways energy is transferred—

from within the earth, through the atmosphere, between living 

organisms, in machines. Now use what you know to test your 

“energy transfer” awareness. Study this park scene and see 

how many energy transfers you can identify.
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Heat Energy and Temperature—
What’s the Difference?

Temperature and Heat Energy

We talk about temperature and rely on information about it 

all the time. When you’re sick, you use a thermometer to take 

your temperature. When you make plans for weekend activi-

ties, what you do may depend on the weather report and the 

temperature outdoors. When you bake something, you wait 

for the oven to preheat to the right temperature.

In science class, you learned that heat energy is the energy an 

object has as a result of its temperature. But in everyday life, 

it’s not heat energy you talk about—it’s temperature. How are 

heat energy and temperature related? What is the difference 

between them?

Many people think that heat energy and temperature are the 

same thing. They aren’t! Like all forms of energy, heat energy 

has the ability to make something happen— it can melt a 

snowman, bring water to a boil, or cause a hot air balloon 

to rise. Temperature is the way we measure how hot or cold 

�
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something is. It often determines how things act. For instance, 

water at –5°C (23°F) is a solid, water at 70°C (158°F) is mainly 

liquid but some is in vapor form, while water at 150°C (302°F) 

is a gas.

Temperature is connected to the amount of heat energy in a 

substance. Heat energy must be added to increase the tem-

perature of an object—to make it hotter. Heat energy must be 

removed to decrease the temperature of an object—to make it 

colder. But temperature alone will not tell you how much heat 

energy an object contains. It’s very tricky.

It’s tricky because the amount of heat energy an object has 

depends on three things:

• How massive (big) it is

• How hot or cold it is (its temperature)

• What it is made of

Think about how much heat energy would have to be added 

to a frozen glass of water for it to reach a temperature of 5°C 

(41°F). Then consider how much heat energy would need to 

be added to a frozen lake for it to reach the same tempera-

ture. Both the lake and the glass start at the same temperature 

(about 0°C/32°F). And both the lake and the glass of water are 

filled with the same thing—water. But the lake is much, much 

larger. It will take much more added heat energy to melt the 

lake than to melt the glass of water.

The material an object is made of also affects how much heat 

energy it has and how long it keeps that energy. You’ll learn 

more about this later in Chapter 6 and Chapter 7.
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How a Thermometer Works

Thermometers Are All Around You

The word thermometer is made up of two smaller words. 

“Thermo” means heat and “meter” means to measure. As  

you add heat energy to a substance, its temperature will  

rise—and the change in temperature can be measured with  

a thermometer.

Energy Challenge
In addition to ther-

mometers you are 

already familiar with— 

a fever thermometer  

or a backyard thermo-

meter, for example—

what other things 

in your home have 

thermometers?

If you look around your home, you will find lots of different 

things that measure changes in temperature:

• Your furnace or heater has a thermometer to tell it when 

to turn on and off.

• Furnaces also have thermostats so you can set the tem-

perature you want.

• Your refrigerator has a thermostat, too, to allow it to keep 

a set cold temperature.

• Your oven has a thermometer to tell you when it is hot 

enough to bake food.

• You may also have meat and candy thermometers  

in your kitchen to measure food temperatures when  

you cook.
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How a Bulb Thermometer Works

Energy Fact
The tunnel inside 

the tube of most 

thermometers is very 

thin—as thin as a 

human hair. Even  

so, you are able to see 

the colored alcohol 

rising since the glass 

tube acts like a magni-

fying lens.

The type of thermometer you will use in class is a bulb ther-

mometer. A bulb thermometer is made up of a glass tube filled 

with colored alcohol. A numerical scale (in degrees Fahrenheit 

and in degrees Celsius) runs along either side of the glass tube.

When you place the thermometer in or on a substance, heat 

energy from the substance transfers to the alcohol in the 

thermometer, which is mostly in the bulb at the bottom. As 

the alcohol heats up, it expands and rises higher and higher 

in the tube. How high it rises depends on the temperature 

the alcohol reaches. The scale on the thermometer tells you 

exactly how high the colored alcohol rises or falls—that’s the 

temperature.

 

          

 

      

         

        

           

       

        

        

           

           

          

        

     

            

           

            

       



��Heat Energy and Temperature—What’s the Difference?

    

 
   

    

   

    

    

      

   

    

    

 

            

            

         

           

           

          

           

           

           

          

          

Temperature Scales

There are three types of scales used today to measure 

 temperature:

• Fahrenheit scale—In 1724, Daniel Fahrenheit devel-

oped the Fahrenheit scale. On this scale, 32 degrees 

Fahrenheit (32°F) is freezing and 212 degrees Fahrenheit 

(212°F) is boiling. Today the United States is one of the 

only countries that still uses the Fahrenheit scale.

• Celsius scale—In 1742, Anders Celsius decided that 

100 degrees should separate the freezing and boiling 

points of water. He started with the freezing point of water 

and said that was 100 degrees Celsius (°C for short). He 

then marked the point where water boils as 0°C. This 

was later reversed by Daniel Ekström, who manufactured 

scientific instruments, including thermometers. Thanks 

to Ekström, the freezing point of water is now 0°C and the 

boiling point of water is 100°C. The Celsius scale is used 

more often in science than any other scale. It is also the 

scale used in most countries around the world.
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• Kelvin scale—In 1848, William Thomson Kelvin took 

the idea of temperature one step further. His scale defined 

the coldest temperature there can be. Based on his theory 

of how heat works, Kelvin developed the idea of “abso-

lute zero” (0 K) at a temperature of minus 273°C (–459°F). 

At absolute zero, everything, including the movement of 

the tiniest particles, almost stops. Nothing can ever actu-

ally get this cold. Today, scientists who work with very 

cold materials use the Kelvin scale.

All three temperature scales are based on the temperature at 

which water boils at sea level. But the boiling point of sub-

stances changes at higher elevations. For example, if you live 

in Denver, Colorado—which is one mile above sea level—

you’ll find that water boils at around 94°C (202°F) instead of 

100°C (212°F). Good cooks who live at higher elevations make 

sure they make the proper adjustments so they don’t under-

cook a meal!

People in Science

Arno Penzias and Robert Wilson won the Nobel Prize for their dis-

covery, in 1964, that outer space is filled with infrared radiation 

at a temperature of 2.73 K. This temperature has been measured 

very precisely by the COBE (Cosmic Background Explorer) satellite, 

launched in 1989.

T Think About It!
The temperature scales we commonly use are just scales that somebody came up with and 

chose to use (and other people agreed to). If you wanted to, you could come up with your 

own scale, just as Daniel Fahrenheit and Anders Celsius did. You might start with the freez-

ing and boiling points of water because they are easily reproduced, but there is nothing to 

say that you couldn’t use another scale.
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Heat Energy Transfers

Identifying Heat Energy Transfers

You light a fire to warm a room. You turn on a stove to cook 

your food. You place your clothes in a dryer to dry them.  

Every day, in all kinds of ways, you depend on the transfer of 

heat from one object to another. Luckily, heat transfers natu-

rally from warm objects to cold objects—until they reach the 

same temperature. The burning fire is warmer than the air 

in the room, so heat travels from the fire into your room. The 

flame of the gas stove is warmer than the metal pan holding 

your soup, so heat energy travels from the flame to the pan, 

and eventually to the soup. The air heated by the dryer is 

warmer than your damp clothes, so heat energy travels from 

the air to your clothes, which dries them.

�
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When you got up this morning, did you or someone you know 

blow dry their hair? If so, did a heat energy transfer occur? Heat 

energy transferred (moved) from the hot hair dryer to your wet, 

cold hair, evaporating the water from your hair. This dried it. 

If you felt your hair afterwards, it was probably much warmer 

(and drier) than when you started. It’s all due to heat energy!

Word Connection
Evaporation is the process of a liquid changing into an invisible gas. It takes energy 

to cause evaporation. That is why you cool down when you step out of a shower. 

Heat energy is transferred from your skin to the water on your body, causing some of 

the water to evaporate. The evaporating water carries energy away from your body, 

cooling it.

Do you have a fireplace at home? Would your parents be 

more likely to make a fire in it in the summer or winter? For 

most of us, it is much colder in the winter than in the summer; 

lighting a fire can help warm a room. Heat energy transfers 

from the burning wood into the air. This warms the room. If 

you checked the thermostat, chances are the room would be 

warmer than it was when there wasn’t a fire in the fireplace.
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Are you more likely to go swimming outdoors in the winter or 

summer? Sunlight hits the earth’s surface in the summer more 

directly than it does in the winter. (The more directly the sun 

hits, the more its rays warm the earth.) This causes the water 

in a swimming pool to heat up. Heat energy is transferred 

from the warmer sun to the colder water of the pool.
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Have you ever opened the door to a car that’s been sitting in 

the sun on a hot summer day? Chances are you felt a blast of 

hot air. If the sun was shining directly on your car seat, the 

seat may even have been too hot to sit on. Heat energy was 

transferred from the warmer sun to the cooler inside of the car, 

warming it up—maybe even warming it up too much!

Energy Fact
On a 29°C (85°F) day, 

the heat from the sun 

can increase the tem-

perature inside a car to 

49–54°C (120–130°F) 

in less than half an 

hour—even with the 

windows cracked open.

The opposite can happen in the winter. Have your parents 

ever told you to shut the door to keep the cold out? What they 

should really be saying is to shut the door to keep the heat in! 

During winter, many people have a hard time keeping the 

inside of their homes warm. Because it is warmer inside and 

colder outside, heat energy transfers from the warm inside of 

your home to the outside, which is colder. This mainly occurs 
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through windows. Heat energy can also transfer through doors 

if they are not sealed properly. By insulating windows and 

doors, you can prevent heat from transferring to the outside. 

(You’ll learn more about insulation in Chapter 7.) This saves 

a lot of money in heating costs and makes you more comfort-

able, too.
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What happens when you let a cold drink sit for a long time 

before drinking it? Chances are the drink is no longer cold. 

How did it warm up? Heat energy from the surrounding 

warmer air transferred into the glass and then into the colder 

drink, warming it up. How can you get it cold again? Put it  

in the refrigerator. When you do so, heat energy from the 

warmer drink transfers to the colder air in the refrigerator, 

cooling the drink down once again! It’s all about heat energy 

transferring from hot to cold.

Heat Energy Transfers from Warmer 
to Cooler Objects

As the above examples show, heat energy transfers are hap-

pening all around us—and always from warmer to cooler 

objects. Sometimes we want heat energy transfers to happen. 
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When someone cooks dinner on a stove or you sit in the sun 

on a warm spring day, heat energy transfers are helping to 

make our lives good. In other cases, the transfer of heat energy 

is not what we want. If your cold drink warms up on a hot 

day, you are not happy. Or if you walk outdoors barefoot and 

step onto hot pavement—ouch!

These things happen because warm objects do not tend to 

keep their heat energy for long, especially if they are near 

colder objects. Whenever you place two objects of different 

temperatures near one another, heat energy will naturally 

transfer (move) from the warmer object to the colder object 

until they reach the same temperature.

If one object is much larger than the other, then heat energy 

transfer still occurs, but the difference in their size will affect 

the final temperature they reach. For example, if you go swim-

ming in a pool of cold water, the pool will not warm up. But 

you can feel yourself getting cooler. This is because the heat 

energy transfer from your body to the water in the pool is not 

enough to actually “warm up” the water in the pool.

warmer
persondirection of 

heat energy 
transfer

cooler
water
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Heat Energy—What We Say May Not Be 
What Actually Happens

How Language Stops Us from Understanding Heat 
Energy Transfers

Have your parents ever told you to put your coat on to keep the 

cold out? Based on what you’ve learned about hot and cold and 

the way heat energy transfers, does putting a coat on keep the 

cold out? No! Putting a coat on keeps your body heat in. Remem-

ber that heat energy transfers from a hotter substance to a colder 

substance. When you wear a coat, you’re preventing heat energy 

from leaving your body. You’re not keeping the cold out, you’re 

keeping your heat energy in! So the next time your parents tell 

you to put your coat on to keep the cold out, you can tell them 

what that coat really does!

We often make these kinds of mistakes when we talk about heat 

energy. This makes it harder to understand how heat energy 

moves. If something is cold, it is because it lacks heat energy. 

When it warms up, it is because something warmer transferred 

its heat energy to it. And when something hot cools down, it is 

not because the colder object sent its “coolness” to the warmer 

object. It’s because the warmer object transferred some of its heat 

energy to the colder object.

Below are some more things you may have heard. What is wrong 

about each one?

• Ice cubes give off cold.

• Wearing your sweater will make you warm.

• Wear gloves to keep the cold out.

• Cold creeps into a house.
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Heat Energy and Weather

What Is a Hurricane?

Word Connection
According to the 

National Hurricane 

Center, the word “hur-

ricane” comes from the 

name “Hurican,” the 

Caribbean god of evil.

Hurricanes are the worst type of storm on the earth. A hurricane 

is a “tropical storm” that forms over the ocean. A storm is clas-

sified (or called) a hurricane when its wind speed is greater than 

120 kilometers per hour (75 miles per hour). The strongest hur-

ricane winds can reach over 290 kilometers per hour (180 miles 

per hour). In Asia and the western Pacific, hurricanes are called 

“typhoons.”

Hurricane Lili in the Gulf of Mexico, October 2, 2002.
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How Hurricanes Work

Energy Fact
A hurricane in  

Galveston, Texas in 

1900 took 6,000 

lives—more than any 

other natural disaster 

in United States  

history.

If you compare violent storms to football teams, hurricanes would 

be the Super Bowl champions. Every year between June 1 and 

November 30 (hurricane season), hurricanes threaten the East-

ern and Gulf Coasts of the United States, Mexico, Central America, 

and the Caribbean. If they hit land, they can kill thousands of 

people and cause billions of dollars of damage. People in areas 

as far north as New England feel the effects of hurricanes—more 

rain and more wind. Heat energy is part of what fuels the power 

behind these violent storms. Let’s explore how this works.

Hurricanes form in tropical regions. Most Atlantic Ocean hurri-

canes begin off the west coast of Africa, in the Caribbean Sea, or 

in the Gulf of Mexico. They start as thunderstorms that move out 

over the warm, tropical ocean waters (where the water is at least 

27°C [80°F]). Here’s what happens next:

• The thunderstorm becomes a tropical depression, with swirl-

ing clouds, rain, and wind speeds of no more than 55 kph 

(39 mph).

• The tropical depression becomes a tropical storm, with wind 

speeds of 55 to 118 kph (39 to 73 mph).

• The tropical storm becomes a hurricane, with wind speeds of 

more than 120 kph (75 mph).

It can take anywhere from a few hours to several days for a thun-

derstorm to develop into a hurricane. Scientists don’t completely 

understand how hurricanes are formed. However, the following 

three conditions must occur for hurricanes to form:

• The storm must come in contact with warm, humid ocean air

• Certain types of wind patterns must occur

• Certain differences in air pressure must be present
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low
pressure

airconverging
warm, humid air converging

direction
of

hurricane

warm, humid
air

Advanced 
 Concepts

The exact cause of a 

hurricane is difficult to 

understand. If you are 

interested in learning 

more, have a family 

member or friend with 

a strong science back-

ground review the next 

section with you.

Warm, Humid Ocean Air

Word Connection
Condensation is the 

process of an invis-

ible gas changing into 

a liquid. When this 

happens, heat energy 

is released. This is one 

way thunderstorms 

maintain their strength. 

As moist air is lifted and 

cooled, water vapor 

condenses. This allows 

huge amounts of heat 

energy to be released, 

strengthening the 

storm.

Warm air rises and cool air sinks. When a hurricane forms, warm, 

moist air from the ocean’s surface rises rapidly. As the warm air rises, 

it cools. Its water vapor condenses to form storm clouds and droplets 

of rain—this releases heat energy. The heat energy in the water vapor 

transfers to the cooler surrounding air and warms the air, causing it 

to rise. The rising air is replaced by more warm, humid air from the 

ocean surface below (like sucking on a straw). This cycle continues, 

causing more warm, moist air to converge (move inwards) toward 

the center of the storm. Heat energy is continuously transferred from 

the air at the ocean’s surface to cooler air up above. This exchange of 

heat energy creates the center, or eye, of the hurricane.

cold, unstable air

converging warm, humid air
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Patterns of Wind

Converging winds are winds moving from all directions inward 

toward one point. These winds run into each other. Because the 

earth is spinning on its axis, the winds converging in the center of 

the hurricane also move in a spiral around the center. Converging 

winds at the surface of the ocean collide and help push the warm, 

moist air up. The rising air adds to the air that is already moving 

up from the surface. This causes the spiraling of the storm—and 

the wind speeds—to increase. As the warmer air rises over the 

storm’s center, it transfers the heat energy to cooler high-pressure 

air in the upper atmosphere (above 9,000 m [30,000 ft]). Mean-

while, strong winds blowing higher up help to remove the warm 

air from the storm’s center. This causes the warm air from the 

 surface to keep moving and keeps the hurricane going.

Difference in Air Pressure

The center of a hurricane has extremely low air pressure. Air is 

constantly moving up and away from the hurricane’s center. As 

that air is pulled up, air from above and around the center is 

pulled into the hurricane. This process also causes wind speeds to 

increase.

high pressure

low pressure
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Conductors of Heat Energy

Kitchen Conductors

Scientific Inventions in Your Kitchen!

In science class you noticed that heat energy travels through 

some materials better than others. Materials that transfer heat 

easily are called conductors. Materials that slow the transfer 

of heat are called insulators.

�
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Why is it important to know whether something is a conductor 

or an insulator? Step into your kitchen the next time someone 

is baking and you will find an answer to this question. Most 

likely, you will notice a lot of different items made up of a lot 

of different materials—metal pans, rubber spatulas, cloth oven 

mitts, wooden spoons. Think about how each of these items is 

used. Do they need heat to travel through them easily or are 

they meant to keep heat from transferring? What are each of 

these things made of? Do the materials they are made from 

help them do their “jobs”?
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Each tool we use in the kitchen serves a unique role in the prepa-

ration of food. There are some things that we want heat energy to 

transfer through easily, such as pots and pans and baking sheets. 

Most of these things are made of materials that conduct heat 

energy easily—aluminum, stainless steel, or copper.

Then again, there are other things in the kitchen that we 

definitely don’t want to get hot. Imagine oven mitts made of 

metal. Instead of protecting your hands, they’d cause you to get 

burned! You also wouldn’t want cooking spoons, spatulas, and 

even pot handles to get hot. Many of these things are made of 

insulators that limit the transfer of heat—plastic, wood, rubber, 

and cloth.

During Lesson 6 you discovered that slices of butter fell rapidly 

from the aluminum and copper rods, but not from the brass, 

bamboo, and plastic rods. This is because the heat energy in 

the water transferred quickly through the aluminum and cop-

per rods, but more slowly through the brass, plastic, and bam-

boo rods. Let’s explore how each of these materials are used in 

kitchens, and why.
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Copper is an excellent conductor of heat energy. Pots and 

pans made of copper transfer heat energy quickly and evenly 

to all sides of the pan—this helps food get cooked evenly 

throughout. When the pan is removed from its source of heat 

energy (the burner), it immediately transfers its heat energy to 

the surrounding air and cools down. This keeps food from get-

ting overcooked.

Aluminum is also a good conductor of heat energy. When 

heat energy is applied to an aluminum pan, the pan trans-

fers the heat energy quickly and evenly to all sides, just like 

 copper.

T Think About It!
Since we know that 

copper is an excellent 

conductor and you found 

in Lesson 6 that brass is a 

poor conductor, do you 

think zinc is a good or 

poor conductor of heat 

energy?

Brass is an alloy (a mixture) of copper and zinc. Even though 

brass is a metal like copper and aluminum, it does not con-

duct heat energy nearly as well as copper and aluminum. 

Chances are you will not find too many brass pots in your 

kitchen!

Bamboo, like all wood, is a poor conductor of heat energy. 

Because they do not transfer heat energy well, bamboo and 

wood are used to make cutting boards, spoons, and serving 
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dishes. But you need to be careful when using bamboo around 

heat! If enough heat energy is applied, bamboo will burn. 

Think of a log thrown on a fire…the same thing can happen if 

a wooden spoon is placed in an oven, or left unattended on a 

stovetop.

Energy Fact
Bamboo is a woody grass. Some types can grow to a height of 18 m (60 ft) in about 

3–5 years. They can grow as much as 61 cm (2 ft) per day! Because bamboo grows 

so quickly, it is a better choice than wood for many kitchen items.

Plastic is a poor conductor of heat energy. Plastics make good 

cooking utensils, such as spoons to stir sauces and soups, or 

storage containers for food. Even though plastic does not trans-

fer heat energy well, if enough heat energy is applied to some 

types of plastic, they melt. Only certain plastics are designed 

to handle high temperatures. So be careful about how you use 

plastics around heat.
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Combinations of Materials—Many types of cookware and 

kitchen utensils are made from a combination of materials. 

What is the advantage of having a copper pot with a plastic 

handle? You can heat the pot quickly on a stovetop, but still 

be able to pick it up without an oven mitt. Many types of pots, 

pans, and utensils are made of a combination of materials—

some that are good conductors of heat energy and others that 

are poor conductors. Using a combination of materials makes 

these tools even easier to use in the kitchen.

Cooking—Harnessing Heat Energy 
Transfers to Meet Our Needs

How does heat energy transfer to cook the food you eat? In the 

case of stovetops, heat energy flows from the burner on your 

stove to the pan resting on it, and then to the food it contains. 

In an oven, the heat comes from electricity or gas and is trans-

ferred through the air to the food baking, roasting, or broiling 

inside the oven.
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How Well Do Materials Conduct Heat Energy?

How well do the pots and pans in your kitchen conduct heat 

energy? The bar graph below shows how well a variety of 

materials conduct heat energy compared to copper.

T Think About It!
Use the bar graph, “Heat 

Conduction by Various 

Materials” to answer the 

following questions:

• What material would 

you want a teapot that 

you boil water in to be 

made of?

• What material would 

you use when you want 

to cook something very 

slowly over a long time 

without burning it?

0

20

40

60

80

100

co
p

p
er

al
um

in
um

br
as

s

iro
ntin

st
ai

nl
es

s 
st

ee
l

gl
as

s

w
at

er

w
oo

d 

p
ap

er

p
la

st
ic

0.02 0.04 0.14 0.3
3.5

16.5
20

30

59

100

0.008

Heat Conduction by Various Materials

Sp
ee

d
 o

f 
H

ea
t 

C
o

n
d

uc
ti

o
n

C
o

m
p

ar
ed

 t
o

 C
o

p
p

er
 (

%
)

Material

As you can see from the bar graph, kitchen tools made from 

plastic, paper, wood, and glass do not conduct heat energy 

very well compared to copper. That is why these materials 

are more often used in kitchenware that protect us from heat 

energy, such as drinking mugs, serving dishes, spatulas, and 

pot handles. Pots and pans are made from materials that con-

duct heat energy well. These materials include copper, alumi-

num, iron, and stainless steel.

Each type of kitchenware has different characteristics that make 

it unique. No one type of kitchenware is perfect for all jobs—but 

each one might be perfect for a particular job. So the next time 

your family is preparing dinner, ask if you can help them—and 

share with them what you’ve learned about heat energy!
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History and Biographies

Harnessing Heat Energy—Kitchen Appliances

Refer to the timeline “A Walk Through Energy History” on 

pages 129–146. Several of the milestones listed are related to 

kitchen appliances and cooking:

1913—The first refrigerators for home use are  
produced in Chicago .

The first refrigerators looked very different than the one in your 

home today! For one thing, they did not have a freezer compart-

ment. Refrigerators with freezers were not made until the 1920’s 

and ’30s. Refrigeration technology did not improve much until the 

1950’s and ’60s. It was during this time that inventions like auto-

matic defrosters and automatic ice makers first appeared.

The first refrigerators were not very friendly to the environment. 

From the 1930’s through the 1980’s a gas, called Freon, was used 

in refrigerators to help keep food cool. In the 1970’s and ’80s 

 people became more concerned about the environment. In the 

late 1980’s scientists confirmed that Freon helped cause what’s 

called the Antarctic Ozone Hole. This knowledge led to the devel-

opment of refrigerators that use ammonia gas, instead of Freon, 

which is more environmentally friendly.

T Think About It!
Studies by scientists in the 1970’s found that gases released into the atmosphere, such 

as Freon, accumulate in the stratosphere. This is the layer of the atmosphere where 

the ozone layer is located. The ozone layer protects living organisms from the harmful 

effects of the sun’s ultraviolet radiation. A small decrease in the ozone layer can result in 

an increased rate of skin cancer in humans.
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How Does a Modern Refrigerator Work?

A refrigerator contains a system of coils, a compressor, and an 

expansion valve. Ammonia gas flows through these pieces, as 

Freon once did, in a continuous cycle. This transfers heat energy 

from the inside to the outside of the refrigerator, so the refrigera-

tor is constantly getting rid of heat energy. Let’s explore the pro-

cess more closely and see the role that heat energy transfer plays 

in cooling your food.

1

Freezer
compartment

Compressor

Expansion
valve

As the gas transfers its heat 
energy, it condenses into 
ammonia liquid.

This very cold gas then flows 
through the coils inside the 
refrigerator. As it does so, heat 
energy from warmer inside of 
the refrigerator is transferred  
to the colder ammonia gas. 

The liquid is then pushed 
through an expansion valve. 
Once it passes through the 
valve, it immediately boils and 
turns back into a gas. By doing 
so its temperature drops to -6ϒC 
(-27ϒF). 

A compressor squeezes the 
ammonia gas that enters it.  
This causes the gas to heat  
up. As the heated gas passes 
through the coils on the outside 
of the refrigerator, it transfers its 
heat energy to the surrounding 
air. That is why it may feel 
warm towards the back of your 
refrigerator.

2

4

3
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1919—The pop-up toaster is invented .

Toasting bread began as a method of making bread last longer. 

It was a very common activity in Roman times. “Tostum” is the 

Latin word for scorching or burning. The first electric toaster was 

invented in 1893 in Great Britain and reinvented in 1909 in the 

United States. It only toasted one side of the bread at a time and 

it required a person to stand by and turn it off when the toast 

looked done. Charles Strite invented the modern pop-up toaster 

in 1919.

1947—Raytheon introduces the first microwave oven .

In 1947, Percy Spencer was touring one of his laboratories at the 

Raytheon Company. He stopped in front of a magnetron tube—a 

device that makes microwave energy. Feeling a sudden strange 

sensation, Spencer noticed that the chocolate bar in his pocket 

had begun to melt. He then held a bag of unpopped popcorn 

next to the magnetron tube—only to see the kernels explode  

into popcorn.

From this simple experiment, Spencer and Raytheon developed 

the microwave oven. The first microwave oven weighed a hefty 

340 kg (750 lbs) and was as tall as an average adult. That is very 

different than today’s microwave ovens!
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How Does a Microwave Oven Work?

Microwave ovens cook food in an amazingly short amount of 

time. They use microwave energy to cook food. When you start 

a microwave oven, a magnetron tube inside the microwave pro-

duces and releases microwave energy. The water, fats, and sugars 

in foods absorb the microwave energy. As the microwave energy 

is absorbed, it is transferred to heat energy which cooks the food. 

Most plastics, glass, or ceramic materials do not absorb microwave 

energy. This is why it is safe to use these dishes in a microwave 

oven. Microwave energy reflects—or bounces—off metals, which 

is why you cannot put metal pans or aluminum foil in a micro-

wave oven.
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Insulation to Keep Us Warm

Insulators

The Many Types of Insulators

An insulator is a material that slows heat energy transfer. 

There are many insulators in the world around you. Many 

animals have adapted to their environments with “built-in” 

insulators. Keeping heat energy in can be very hard to do 

when you live in a cold climate. Keeping heat energy out can 

also be hard if you live in a hot climate. Let’s explore how 

using insulators makes keeping heat energy in or out possible.

What are some different types of insulators? These are some 

insulators you might find around your house:

• Cardboard

• Newspaper

• Clothes

• Socks

• Rubber

• Paper

• Foam

• Blankets

• Wood

• Bubble wrap

• Packing peanuts

• Cotton balls

• Styrofoam

�
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Air is a very good insulator. A gas such as air does not trans-

fer heat energy very well. Wind can make air transfer heat 

energy because the moving air carries the heat energy as it 

moves. When air doesn’t move much, it cannot transfer heat 

energy very far. That’s why bubble wrap—which is really just 

a bunch of air-filled plastic bubbles is such a great insulator. 

When you layer insulators, such as those listed above, you 

create pockets of air between each layer. The air itself pro-

vides another layer of insulation, further slowing the transfer 

of heat energy. Let’s look in more detail at how animals and 

humans find ways to slow the transfer of heat energy.

How Homes Stay Warm

Insulation

One way that humans stay warm is by insulating houses and 

buildings. Your home may contain insulation in its walls to 

slow heat energy transfer between the inside and outside. Insu-

lation not only keeps your house warm in winter; it also keeps 

it cool in summer.

Energy Fact
The most high-tech insulators scientists are developing are aerogels (AIR-uh-jel). 

These porous (meaning full of pores, or holes, that fluids or air can get in), glassy 

structures are almost entirely air and look like frozen smoke. In the future, aerogels 

could dramatically improve the energy efficiency of refrigerators and other  

machines.

          

          

           

            

           

            

           

        

 
    

     

   

     

   

     

   

     

          

          

           

             

          



��Insulation to Keep Us Warm

             

           

           

          

          

           

          

          

         

            

         

   

           

          

         

            

   

 
          

                

              

           

One of the most common types of household insulation is 

fiberglass. Fiberglass, or glass wool, is made by spinning glass 

into long, thin fibers that are then matted together like cotton 

candy. Glass is usually a poor insulator but when it is blown 

into fibers it becomes a good insulator. The path that heat 

energy must take as it travels through the tangled fibers is very 

long—so only a small amount of heat energy gets through. Air 

trapped in the fiberglass also acts as an insulator.

Energy Challenge
The next time someone 

in your family goes to 

a home improvement 

store, ask to go along. 

While you’re there, 

keep a list of the dif-

ferent insulating items 

for sale that you can 

identify.

Fiberglass.

There are a few places in buildings where fiberglass and simi-

lar kinds of insulating materials can’t be used. Windows are 

one of these places, because they must be transparent so you 

can see through them. Since just one piece of glass is not a 

good insulator, newer windows are made of several panes of 
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glass separated by narrow layers of air. The air acts as insula-

tion, slowing down heat energy transfers from one side of the 

window to the other. This is similar to the way an animal’s 

hair or fur traps air to insulate the animal against the outside 

environment.

Energy Fact
When it is warmer 

outside than inside, 

approximately 40% 

of the unwanted heat 

energy that enters 

your home comes in 

through your closed 

windows.

However, even windows made with several panes of glass 

transfer much more heat than an insulated wall. To fix this, 

people put shades and curtains over windows to reduce heat 

transfer through them. Some houses even have special quilted 

shades to reduce heat transfer even more.

Insulating homes and buildings is one of the main ways we 

can conserve energy. Some scientists estimate that people 

could cut their monthly utility costs in half just by using 

energy-efficient products—and good insulation is one of the 

biggest energy (and money) savers!

Overall, fiberglass and the air trapped in it are very good 

insulators. They also are nonflammable, meaning fiberglass 

cannot catch on fire. Most modern houses and buildings have 

about 10–20 cm (4–8 in) of fiberglass insulation built into  

their outside walls. In addition to its use in buildings, fiber-

glass insulation is used in ovens, hot water heaters, and many 

other machines.

Energy Fact
Stone is not a good 

insulator of heat 

energy. Medieval stone 

castles were very cold 

in winter because heat 

energy flowed out too 

easily through their 

stone walls. Often tap-

estries (pictures woven 

on heavy materials) 

were hung on walls to 

insulate them from the 

outside air and help 

keep the rooms warm. Roofs are another place where a building’s heat energy is lost. 

To prevent heat energy from moving into and out of roofs, 

extra insulation is sandwiched between the ceiling and roof. 

There can be more than 30 cm (12 in) of fiberglass inserted 

between the ceiling and the roof of a new house!

The Dangers of Fiberglass

Russell Games Slayter of the Owens-Corning® company invented 

fiberglass in 1938. It is a man-made fiber of glass. While the shirt 
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you are wearing may be made of cotton fibers woven together, 

fiberglass is made of glass fibers matted together.

Fiberglass.

If fiberglass is properly installed as insulation in a building, 

home, refrigerator, or furnace, it is quite safe. If you have 

fiberglass insulation at home, there is no need to worry. How-

ever, if you work with fiberglass and have direct contact with 

it, you need to be careful. This is because the smaller fibers, 

which can be seen only with a microscope, might be able to 

enter someone’s lungs. This can cause permanent damage to 

the lungs, or increase the chances of developing lung cancer. 

Direct contact with the larger, visible fiberglass particles can 

irritate the skin, eyes, nose and throat. Inhaling the fibers  

may irritate the airways, causing them to swell and become 

covered with thick mucus. This can lead to a condition known 

as bronchitis. People with bronchitis have a bad cough that 

can last for a very long time.

People who work with fiberglass need to wear gloves and other 

protective clothing to help prevent skin problems. Safety goggles 
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that fit properly can keep a person’s eyes from getting irritated. 

Dust masks can reduce the amount of glass fibers inhaled 

(breathed in). And respirators, which are worn over the mouth 

and nose, can protect people’s lungs and airways even more.

Alternatives to Fiberglass

Given the dangers of fiberglass insulation to those who work 

directly with it, it is surprising that fiberglass insulation is still the 

most widely used insulation in homes and buildings. However, 

safer materials are being developed each year that can replace 

fiberglass. Below are a few of the most popular alternatives.

Cellulose insulation is made from shredded recycled newspa-

pers. A chemical called boric acid is added to prevent insects 

and fire from harming it. Cellulose insulation is as good at 

slowing heat energy transfer as fiberglass insulation. It also 

costs about the same amount of money to make. But cellulose 

insulation can cost as much as 50% more than fiberglass insu-

lation to install in a house.

Cellulose insulation.

         

           

         

           

 
     

   

  

  

   

           

              

             

            

  

             

           

          

             

          

    

 

 

  

 

 

 

 

 

 

            

         

         

          



��Insulation to Keep Us Warm

           

          

          

         

  

          

            

         

          

         

       

           

           

         

           

          

     

 

Recycled cotton insulation insulates as well as fiberglass. It 

is also good at reducing noise. Cotton insulation has no lung 

cancer risk and is not irritating during installation. Cotton 

insulation is also treated with boric acid for insect and fire 

resistance.

Energy Fact
Boric acid is also used 

to prevent clothing, 

including children’s 

pajamas, from burning.

How Humans Stay Warm

Clothing

Even though you have over five million hairs covering your body, 

they are so small that they don’t do much to keep you warm. To 

make up for this, we wear clothing. When it is cold outside, we 

wear extra clothing to insulate us, keeping our heat energy in to 

keep us warm.

Take a look at what your clothes are made of by reading the 

tag attached to your shirt or sweater. Compare the tags of 

something you might wear in the summer with something  

you might wear in the winter. Are they made of the same or 

different fabrics? You might find that your clothes are made 

from some of these fabrics:

• Wool

• Cashmere

• Synthetic fleece

• Cotton

• Linen

• Silk

• Polyester

• Rayon

• Nylon

Clothing traps air to insulate us and slow the transfer of heat 

energy. Some fabrics, such as wool, cashmere, and synthetic 

fleece, are particularly effective at trapping air. This prevents 

body heat from escaping. Other fabrics, such as linen, nylon, 
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polyester, cotton, and silk do not trap air well. Heat energy is 

easily transferred through these materials. These fabrics keep 

us “cool” by allowing our heat to escape. Warm weather cloth-

ing is frequently made out of these fabrics.

Energy Fact
The wetsuits that div-

ers wear are insulated 

with the help of air. 

Wetsuits are made of 

rubber with air bubbles 

trapped in it. The air 

bubbles create an insu-

lating layer between 

a diver’s body and 

the water outside the 

wetsuit.

Layer Up!

Another way to slow heat energy transfer is to wear several 

layers of clothing. Pockets of air get trapped between each 

layer of clothing you put on, creating more insulation so your 

body loses heat more slowly. Have you ever been told to “layer 

up” before going outside?

How Animals Stay Warm

Hair Traps Air

Look closely at your arm. Can you see the fine layer of hair 

covering your skin? Hair is one of the important characteristics 

of mammals.

Energy Fact
Goose bumps are 

another way that mam-

mals stay warm. The 

hairs stand straight on 

their ends to trap more 

air. Humans, however, 

don’t have long enough 

body hair for goose 

bumps to do much to 

help keep us warm.

When the hair covering a mammal is thick, it is often called 

fur or wool. Hair, fur, or wool forms an insulating cover over 

an animal by trapping air. This slows the transfer of heat 

energy from an animal’s body, keeping the animal warm, 

even on the coldest nights.

Animals that live in the coldest regions—polar bears, for 

 example—have very dense (thick) coats of fur to insulate them. 

The polar bear’s outer coat of porous (meaning hollow) hairs 

keeps them warm. The porous hair traps air which is then 

heated by the bear’s body. Polar bears are so good at slowing 

heat energy transfer that they run the risk of overheating! To 

cool down, polar bears may lie spread out on the ice, or swim in 

ice-cold water.
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Some mammals may even change the color of their coats from 

dark to white in the winter. Their porous hair is usually filled 

with a brownish color in the summer, but fills with air (which 

looks white) in the winter to provide more insulation from the 

cold. (In addition, their white coat provides them with camou-

flage to protect them against predators.) Other animals grow 

more fur to keep them warm. When the weather gets warmer 

again in the spring, they lose their extra fur. If you have a pet, 

such as a dog or a cat, you might notice that it sheds more 

hair in the spring. Now you know why!

porous hair 
filled with 
color

porous hair 
filled with air

Summer Winter
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Sea otters rely on their dense fur for warmth in the cold parts 

of the Pacific Ocean. There are almost 800 million fur fibers in 

a sea otter’s coat. Its coat is so thick that the otter’s skin never 

gets wet! Their high metabolism, which generates their heat 

energy, creates a big appetite as well. Sea otters eat up to 25% 

of their body weight each day!

Word Connection
In the process of 

metabolism, sub-

stances (such as food), 

are broken down to 

release energy needed 

to maintain all the 

body’s functions.

Blubber or Fat

Whales, dolphins and seals don’t have any hair except for a 

few sensory hairs around their mouths. But a thick layer of 

blubber, or fat, under their skin keeps them warm in the cold 

ocean.

During summer months, California gray whales consume so 

much food that their blubber layer grows to a thickness of  

25 cm (10 in). This thick layer of fat insulates the whales and 
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provides an energy source as they migrate 20 to 100 miles a 

day down the coast of North America to their winter breeding 

grounds in the warm waters off Mexico.

Energy Fact
A whale’s blubber layer 

can be up to 50 cm 

(20 in) thick! Blubber 

can make up almost 

20% of the whale’s 

entire body weight.
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Gray whale babies need to be born in warm water because 

they don’t have enough blubber or size to keep them warm. 

Once they grow a bit and fatten up on their mother’s milk (it 

is around 53% butterfat) they are ready to migrate north with 

their mothers.

I Try This!
See for yourself how blubber keeps whales warm:

1. Gather the following materials: two sandwich-size resealable plastic bags, a con-

tainer of shortening, and a large container filled with ice and water.

2. Turn one bag inside out and place it inside the other bag.

3. Add shortening into the space that is created between the two bags and seal the 

outer bag to the inner bag.

4. Place your hand inside the opening and place it in the ice water. Does your hand  

get cold?

5. Remove your hand from the bag and place your bare hand in the water. Does 

your hand get cold now?

How it works: The shortening creates a layer of fat that slows the transfer of heat 

energy from your hand to the cold water. In the same way, a whale’s insulating layer 

of blubber slows the transfer of body heat from the whale into the colder water.

Other animals that store layers of blubber during the  

winter months include polar bears, porpoises, walruses,  

and penguins.

Down Feathers

Birds have a special type of feather, called a down feather, 

directly underneath their colorful outer feathers. These feath-

ers supply insulation by trapping air near the bird’s body. If 

you ever get a chance to see a large bird such as a parrot up 

close, look for its down feathers when it flaps its wings—they 

are often a light-gray and are very soft to the touch.
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Down feathers are so good at trapping air that human use 

them to make comforters and sleeping bags. They are par-

ticularly nice in winter because they keep you so warm on 

cold nights. The down feathers in comforters and sleeping 

bags usually come from ducks and geese. If you’ve ever used 

a down comforter, you have birds to thank for keeping you 

warm while you sleep!
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Using Energy Efficiently

What Makes Something 
Energy‑Efficient?

Something is more energy-efficient when it uses less energy 

to perform a specific job. Here are some of the ways that the 

same job can be performed using less energy.

Automobiles and Energy Efficiency

A compact (small) car that gets 40 miles per gallon of gasoline 

is more energy-efficient than a large SUV that gets 20 miles per 

gallon. Both will get you where you need to go but the com-

pact car will use much less gasoline to get you there.

T Think About It!
How much farther can you travel in the compact car using one gallon of gasoline?

The compact car will take you twice as far than the SUV on a gallon of gasoline.

�
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Household Appliances and Energy Efficiency

Not all appliances are created equally. Appliances which are 

built to be energy-efficient use a lot less energy to get the same 

job done.

How can you tell if an appliance is energy-efficient?

Every new appliance comes with a very useful label called  

an “EnergyGuide.” These labels allow you to see how energy- 

efficient the appliance you are looking at is, compared to other 

appliances of the same type. Let’s look at an EnergyGuide 

label to see how easy it is to read:

Based on standard U.S. Government tests

Refrigerator-Freezer
With Automatic Defrost
With Side-Mounted Freezer
Without Through-the-Door Ice-Service

XYZ Corporation
Model ABC-W

Capacity: 23 Cubic Feet

Compare the Energy Use of this Refrigerator
with Others before You Buy.

This Model Uses
776 KWh/year

Energy Use (KWh/year) range of all similar models

Uses Least
Energy
742

Uses Most
Energy

836

KWh/year (kilowatt-hours per year) is a measure of energy (electricity) use.
Your utility company uses it to compute your bill. Only models with 22.5 to 24.4
cubic feet and the above features are used in this scale.

Refrigerators using more energy cost more to operate.
This model’s estimated yearly operating cost is:

$68
Based on a 2001 U.S. Government national average cost of 8.29¢ per KWh for
electricity. Your actual operating cost will vary depending on your local utility rates
and your use of the product.
Important: Removal of this label before consumer purchase is a violation of Federal law (42 U.S.C. 6302)
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The white box in the middle of the label tells you how much 

energy this appliance uses per year (top center of box) com-

pared to the most energy-efficient model (bottom left of box)  

as well as the least energy-efficient model (bottom right of box).

     

R fri e ator F e zer
  

With -Mou te  Freezer
  

XYZ Co oration
 

C pa i y: 23 Cu ic Fee

Comp re the En rgy Use of h s Refriger tor
    

This Model Uses
776 KWh/year

Energy Use (KWh/year) range of all similar models

Uses Least
Energy
742

Uses Most
Energy

836

          
              
          

       
      

             
            

     
                

You can see that

• This refrigerator uses 776 KWh/year.

• The most energy-efficient refrigerator like it uses only  

742 KWh/year.

• The least energy-efficient model like it uses 836 KWh/year.

The label also helps you make sense of these numbers. It tells 

you what “KWh/year” means:

   S  Govern  

Ref ge
With  

  
  

 
 

   

Co pare      
i h  be or   

This Model Use
 

       

 as
E r

 

KWh/year (kilowatt-hours per year) is a measure of energy (electricity) use.
Your utility company uses it to compute your bill  Only models with 22.5 to 24.4
cubic feet and the above features are used in this scale.

       
      

             
            

     
                

So you can tell from the EnergyGuide label that energy-efficient 

refrigerators use less electricity per year than inefficient ones.

At the bottom of the label, you can also see approximately 

how much money this appliance will cost to run each year.
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Refrigerators using more energy cost more to operate.
This model’s estimated yearly operating cost is:

$68
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Why are some appliances more energy-efficient than others?

Appliances are now being made with new technologies that 

use less energy (and, in the case of dishwashers and wash-

ing machines, less water too). Adding more insulation, for 

example, keeps the heat energy in an oven where it will do the 

most good—in the oven! Changing the way machines run can 

also save energy. Devices such as sensors on dryers can also 

reduce energy waste—when the clothes in the dryer are dry, 

the sensors detect this and make the dryer stop—so less energy 

is used.

These kinds of improvements mean today’s appliances are 

more energy-efficient than ever before. A refrigerator built in 

1974 uses three times as much energy as a refrigerator bought 

in 2004! This is why you should think twice about buying used 

appliances. Though they may initially cost less to buy, over time 

they will cost you more than newer energy-efficient models.

Light Bulbs and Energy Efficiency

Not all light bulbs are created equally either. Some light bulbs 

use a lot less energy to provide you with the same amount of 

light. We’ll find out why, but first let’s review some basics.

How can you tell how much light a light bulb produces?

The amount of light produced by a light bulb is measured in 
lumens. The higher the lumens, the more light is produced. 

If you look at a light bulb package, you will see the lumens 

listed. This tells you how bright the bulb in the package will 

be. You probably have a variety of light bulbs in your home, 

producing between 400 and 1600 lumens. Look at the light 

bulb package on the next page. How many lumens do these 

light bulbs provide?
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How can you tell how much energy a light bulb uses?

The amount of energy per second a light bulb uses is measured 

in watts. The higher the number of watts, the more energy the 

light bulb uses per second. This information is also provided 

on the light bulb package. Look at the light bulb package 

below. How many watts do these light bulbs use?

How can you tell how long a light bulb will last?

The average amount of time a light bulb will last is measured 

in hours and is called the life of the bulb. The higher the hours, 

the longer the light bulb will last. You can find this informa-

tion on the light bulb package, too. What is the life of the bulbs 

shown on the light bulb package at the bottom of the page?

Why are some light bulbs more energy-efficient than others?

To answer this question, we first need to know a little bit about 

light bulb history.
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History and Biographies

A Brief History of the Light Bulb

Thomas A. Edison introduced the first practical (lasting long 

enough to be worthwhile) light bulb over 100 years ago. It was 

an incandescent light bulb. Incandescent bulbs produce light 

when electricity flows through a tiny loop of material called a 

filament, causing it to heat up and glow. Edison was the first to 

develop a long-lasting filament (made from plant fiber) that could 

handle high temperatures. This early light bulb did not produce 

much light. 

Thomas Edison in his workshop.
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Then in 1906, William Coolidge of the General Electric Company 

introduced a better filament. This filament was made from a mate-

rial called tungsten. Tungsten filaments could hold up to even 

higher temperatures, so they could glow hotter and brighter. 

Tungsten filaments are still used in incandescent light bulbs today.

Filament

A typical incandescent light bulb.

But that’s not the end of the story. Scientists kept working  

(and they’re still working today!) to make light bulbs even  

better. In 1937 the fluorescent light bulb was introduced  

at the New York World’s Fair. It used less energy to operate  

(fewer watts), produced a bright glow, and was much cooler  

to the touch than an incandescent light with the same number  

of lumens.

Fluorescent light bulbs produce light in a different way than incan-

descent bulbs—they don’t have a filament that glows. Instead, a 

gas is captured inside them. A special coating covers the inside of 

the light bulb’s glass. When electricity flows through the gas, it 

transfers energy to the coating, causing it to glow.
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The first fluorescent light bulbs were also shaped differently—

they were long, skinny, glass tubes with two metal prongs at 

both ends.

A typical fluorescent tube.

Since fluorescent light bulbs could not be screwed into typical 

household light sockets, they could not be used in many places—

even though they used less energy. In 1976, this problem was solved 

when Edward Hammer introduced the “spiral lamp”—a fluorescent 

light bulb bent into a spiral shape. Eventually, Hammer’s “spiral 

lamp” was made to fit into a typical light bulb socket. This break-

through led to today’s compact fluorescent light bulbs (CFLs)—

which can be used in most lamps and household lighting fixtures.

A compact fluorescent light bulb (CFL).
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Again, scientists did not stop there. They are still working today to 

bring you lighting that is more practical, longer lasting, and more 

energy-efficient. One type of lighting that you will probably see 

more and more of in the future is the LED. LED stands for Light 

Emitting Diode. LEDs are very long-lasting, energy-efficient, and 

durable (hard to break). They are still too expensive for everyday 

use, but they are often used in places where it’s hard to change a 

light bulb, such as traffic signal lights, tail lights for cars, and busi-

ness signs. This is because they almost never need to be replaced 

(they last for tens of thousands of hours). When the cost of LEDs 

goes down, they could end up replacing all the other kinds of 

light bulbs we use today. Stay tuned!

So let’s get back to our original question…

Why are some light bulbs more energy-efficient than others?

You now know that the answer lies in how the light bulbs are 

made. Different types of light bulbs produce light in different 

ways, and some ways are more energy-efficient than others. 

Let’s compare just two types of bulbs—the incandescent light 

bulb and the compact fluorescent bulb (CFLs).

CFLs use much less electrical energy to produce the same 

amount of light energy as incandescent bulbs. And they last 

up to ten times longer.

You can observe this for yourself by comparing two bulbs that 

use about the same amount of energy—a 26-watt CFL and a 

25-watt incandescent bulb. (Remember that a watt is a measure 

of the amount of energy used per second—in the form of elec-

tricity.) If you turn both these lights on, you will see that the 

compact fluorescent bulb glows much brighter and stays much 

cooler than the incandescent bulb. Both light bulbs use about 

the same amount of energy but the compact fluorescent uses 

this energy to produce more light and less heat.
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In terms of energy transfers, you can say that the CFL trans-

fers more of the electrical energy that flows through it to light 

energy and less to heat energy.

Electrical Energy
More Heat Energy

Less Light Energy
Electrical Energy

Less Heat Energy

More Light Energy

It is clear that CFLs are a more energy-efficient way to light 

our rooms. They use less energy and they last up to ten times 

longer than incandescent bulbs.

If CFL bulbs are more energy-efficient and last longer, then 
why doesn’t everyone use them?

Well, CFLs cost more money to buy. But, since CFLs last so 

much longer, and use less electricity to produce the same 

amount of light, they more than pay for themselves over time.

Getting the word out that CFLs save money over time may con-

vince people to spend the extra money to buy these light bulbs. 

This is any easy way people can use energy more efficiently—to 

save money and help the environment.
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Are there other reasons that people don’t choose the most 
energy-efficient light bulb?

Yes, some people still choose incandescent bulbs because they 

feel that they produce a more pleasing light with more warm 

red tones and less cool blue tones.

CFLs are also harder to dispose of once they do finally “burn 

out.” Since these bulbs contain a small amount of mercury (a 

poisonous substance), they need to be disposed of with special 

care (just like batteries). You may see a warning such as “Con-

tains Mercury. Dispose According to Local, State or Federal Laws.” 

on many CFL bulb packages.

Some communities have hazardous waste collections that make 

disposal very safe and easy. If not, you can still throw them 

away with your regular garbage. Just be sure to wrap them in 

some newspaper for padding and seal them into a plastic bag 

so they don’t break.

Yes, you have to dispose of them carefully, but CFLs use energy 

much more efficiently. The question we need to ask ourselves 

is “Is it worth it?” but before you answer, read on to the next 

chapter.
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Why Energy Efficiency Matters

Why Is It Important to Use Things 
That Are Energy‑Efficient?

Using Energy-Efficient Machines Saves You Money!

In the last chapter you learned that energy-efficient machines 

use less energy to perform the same job. Most of the energy 

you use is not free—you pay for it. When you plug in a lamp, 

CD player, or appliance, you pay for the electrical energy that 

flows into them to make them run. When you drive a car, you 

pay for the gasoline that the car uses to get you from place to 

place. The amount you pay depends on how energy-efficient 

these machines are. The more energy-efficient they are, the 

less energy they use, and the less you pay to run them.

�
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T Think About It!
Remember the two cars discussed in Chapter 8—the compact car that gets 40 miles 

per gallon and the SUV that gets 20 miles per gallon? How much more money 

would you spend on gasoline to drive back and forth from Boston, MA to Philadel-

phia, PA if you drove the less efficient car?

Hint: The distance between Boston and Philadelphia is about 300 miles.

The price for a gallon of gasoline varies. Try the calculation with gas priced at $2.00 

per gallon. Then see how much more you would spend on the trip using gas priced 

at $2.25, $2.50, or $3.00 per gallon.

Answer: The total round-trip distance is 600 miles. At 20 miles per gallon, the SUV uses 

30 gallons of gas. At 40 miles per gallon, the compact car uses 15 gallons of gas. Multi-

ply the gallons used by the price per gallon to see how much you would save driving the 

compact car.

Hybrid Cars

Car manufacturers are now developing the “cars of the future.” These 

cars will use much less energy to operate and produce less pollution. 

One option, the hybrid electric car, is already available at car dealers. 

Hybrid electric cars combine a gasoline engine and an electric motor. 

The electric motor captures energy that is usually wasted in regular 

gasoline-powered cars and “recycles” it back to power the car. Cap-

turing the wasted energy means that less fuel is needed to run these 

cars. They are also often made of lightweight materials and are aero-

dynamically designed (streamlined to cut down on air resistance)—

these things also help them use less energy to run. Hybrid electric cars 

can be two to three times more energy-efficient than regular cars!
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Using Energy-Efficient Things Means Our Energy 
Resources Will Last Longer!

Imagine how difficult life would be if we ran out of the fuels we 

use to run our cars, warm our homes, light our rooms, keep our 

food fresh, power our computers, and do so many other things.

While there are many sources of energy, we depend on just a 

few of them—coal, oil, and natural gas—to run most of our 

appliances, cars, and other machines.

How Do We Depend on Oil?

You may not think of oil as an energy source you use on a daily 

basis. But the thick black oil—known as crude oil—that is pumped 

out of the ground is changed into many of the products we 

depend on every day, including gasoline, diesel fuel, jet fuel, ship 

oil, and home heating oil. We get these products from oil refiner-

ies. Oil refineries heat up the crude oil taken from the ground and 

“refine” it to make each of these different energy products.

Geology 
 Connection

Fossil fuels formed 

during the Carbonifer-

ous Period. “Carbon-

iferous” gets its name 

from carbon, the basic 

element in coal and 

other fossil fuels.

Coal, oil, and natural gas are types of fossil fuels. The rea-

son they are called fossil fuels is because—like fossils—they 

are all made from decayed plants and animals that have 

been preserved in the earth’s crust. It takes millions and mil-

lions of years to change these organisms into fossil fuels 

(pressure, heat, and bacteria are the “forces” of change). The 

fossil fuels we use today were forming even before the time of 

the dinosaurs.

Fossil fuels take millions of years to form—and their supply is 

limited. If we use them up, they are lost to us. None of us can 

wait the millions of years required for fossil fuels to form again. 
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Because of this, fossil fuels are considered non-renewable—

meaning they take too long to be “renewed” or to re-form. Once 

they are used up, they are gone.

Knowing that fossil fuels will eventually run out is one very 

good reason to use energy-efficient items. The more energy-

efficient something is, the less energy it uses—and the longer 

our fossil fuels will last.

Using Energy-Efficient Machines Means a Healthier Planet!

As you learned above, most of our energy needs are met by 

fossil fuels. Fossil fuels release their energy when they are 

burned. Many of us rely on cars everyday to get us from place 

to place. Cars run on the gasoline made from fossil fuels.

Think About How a Car Works

What Is Happening Inside this Car Engine?

1. Gasoline (made from fossil fuels) and air enter the cylinder 

on the left.

2. On the opposite side of the engine, gasoline is being ignited 

(lit) by the spark plug in the cylinder on the right. It burns 

(explosively), rapidly heating up the contents of the cylin-

der. (The chemical energy of the gasoline is transferred to heat 

energy.)
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How Will this Make the Car’s Wheels Turn?

3. The explosive force of the burning gas pushes the piston of 

the right-side cylinder downwards. (Heat energy is transferred 

to motion energy.)

4. As the piston moves, it turns a crank—the crankshaft.

5. Next the gasoline in the left-side cylinder will ignite, causing 

the crank to turn again. The motion of the crankshaft caused 

by the up and down motion of the pistons eventually—

though not directly—causes the car’s wheels to turn. (Motion 

energy is transferred to motion energy.)
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Cars aren’t the only machines that depend on fossil fuels to 

run. Most of the appliances and machines we have in our 

homes also use energy that can be traced back to the burning 

of fossil fuels. The diagram below will help you understand 

one of the most common ways that power plants generate 

electricity—burning fossil fuels.

Step 1: Fuel is delivered to a power plant.   
Step 2: Fuel is burned to produce heat.  
Step 3: Heat turns water to steam.  
Step 4: The steam turns the turbines.  
Step 5: Spinning turbines turn huge magnets to generate an electrical current.  
Step 6: Electricity is delivered to homes and businesses.

Now that you understand how fossil fuels are burned to run 

cars and generate electricity, you are ready to consider how 

this affects the environment:

Whenever fossil fuels are burned, gases are released that can 

harm the environment. Some of these gases act like the glass 

walls and ceiling of a greenhouse, trapping heat beneath 

them like a blanket. As more of these gases, known as green-

house gases, are released, the “blanket” become thicker and 
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thicker. If the “blanket” becomes too thick, the earth’s temper-

ature will increase and lead to some serious problems—melt-

ing ice caps, flooding, droughts, etc. Scientists call this danger 

global warming.

The Greenhouse Effect

When sunlight (light energy) travels through the glass of a 

greenhouse (or the windows of a car), it is transferred to heat 

energy—which warms up the air and surfaces inside. Unlike  

light energy, heat energy does not move through glass easily. 

The glass traps heat energy inside, keeping plants in a green-

house warm enough to live, even in winter.

Greenhouse gases, such as carbon dioxide, methane, and 

water vapor, form a layer in the atmosphere that acts in a simi-

lar way—allowing sunlight to pass through, but trapping heat 

energy inside. This is partly good. The earth’s average tempera-

ture would be much colder without these gases. The problem 

comes if this layer is allowed to get thicker and thicker, trapping 

more and more heat and causing the earth’s temperature to 

gradually rise.

Acid Rain

In addition to greenhouse gases, other harmful gases are released 

when fossil fuels are burned. Some of these combine with water 

droplets, oxygen, and other substances in the air and fall to the 

earth as acid rain. Acid rain is harmful to organisms exposed to 

it. When it collects in lakes, the fish often die. Trees suffer from the 

affects of acid rain, too. Acid rain also damages many non-living 

things, such as buildings and statues that we value as part of our 

history.
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Smog

Besides gases, some fuels release tiny particles into the air when 

they are burned. These particles, including dust, soot, and smoke, 

can irritate lungs and contribute to health problems, such as 

asthma. When these tiny particles combine with ground-level 

ozone, smog—an often brownish-yellow haze—results.

It’s clear that using energy-efficient items means burning less 

fossil fuels. And burning less fossil fuels means producing less 

harmful pollution.

How Else Can We Use Energy Wisely?

Using energy-efficient things is important, but there are other 

ways to use energy wisely too. Here are a few:

Using Renewable Energy Sources

In addition to non-renewable energy sources like fossil fuels, 

there are other energy sources that are renewable. Renewable 

sources of energy, such as solar (light energy), wind (motion 

energy), and water (gravitational and motion energy), are 

resources that “flow” continuously—they will never run out. 

When these sources of energy are used to generate electric-

ity instead of fossil fuels, they are called alternative energy 

sources. Read on to learn how alternative energy sources are 

changing the way we keep electricity flowing.
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Solar Energy

Using the sun’s energy as an alternative to fossil fuels to pro-

duce electrical energy has become more of a reality, thanks 

to the development of solar panels and concentrating solar 

power systems. Solar panels are units that convert sunlight 

directly into electricity. Concentrating solar power systems  

capture and concentrate the sun’s energy to heat water.

In science class you saw solar panels used on a small scale 

to power a propeller and a pulley. Solar panels can also be 

used on a larger scale if many panels are combined. An office 

building can meet all of its energy needs using a whole group 

of solar panels on its roof and exterior walls.

Solar panels.

To understand how concentrating solar power systems work, 

think back to the description of the power plant on page 100. 

First, fossil fuels are burned to heat water and create steam. 

Instead of using fossil fuels, concentrating solar power systems 

capture the sun’s energy to heat water and create steam.
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Wind Energy

People have been using windmills to pump water and grind 

grain for hundreds of years. Now wind turbines—tall towers 

supporting propeller-like blades—also take wind energy and 

use it to generate electricity. Wind turbines have to be tall—

100 feet (30 meters) or more—so they can take advantage of 

the faster, less choppy winds high above the earth’s surface. 

When a large number of wind turbines are built close together, 

they form a wind plant or “farm.” Wind plants are already 

being used as an alternative in many communities to plants 

that burn fossil fuels.

Wind turbines.
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Hydropower

Like the other alternative energy sources discussed, the energy 

of moving water can also be used to turn turbines and gener-

ate electricity. These types of power plants are called hydro-

electric plants. They are typically located at a dam on a river. 

The water behind the dam is a huge source of stored energy. 

When it is released in a controlled way (this means certain 

amounts are released at certain times), it can turn the turbines 

and generate energy.

A dam at a hydroelectric plant.
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Geothermal Energy

The word geothermal means “heat from the earth.” Deep within 

the earth, temperatures are extremely high (hot enough to melt 

rock!). This rock, called magma, is molten—meaning it can 

flow. When magma flows near the earth’s surface and comes 

into contact with a source of water, the water is turned to steam. 

Think back to the diagram of the power plant on page 100. 

Recall that steam was used to turn the turbines that generate 

electricity. With geothermal energy, the steam is already there. 

Scientists have taken advantage of this “gift” from deep within 

the earth, building power plants which capture this natural 

steam and use it to turn turbines and generate electricity.
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Geology Connection
Geysers are hot springs (heated by geothermal energy) that periodically shoot out 

hot water and steam. One of the most famous geysers is Old Faithful in Yellowstone 

National Park, which erupts about once every 65 minutes.

A geyser.

Energy Sources—Pros and Cons

Even renewable energy sources have an environmental cost. 

For a community to decide which energy source is best for 

them, they need to consider the needs and resources of their 

community and weigh the pros and cons of each energy 

option. The table on the next page offers some of the pros  

and cons of a variety of energy sources.
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Energy Sources—Pros and Cons
Source of Energy Pros Cons

Fossil Fuels Abundant (though a non-renewable 
source); somewhat inexpensive; used to 
produce many products; technologies 
are already in place that rely on them 
(that is, gasoline-powered cars, coal- 
burning power plants, etc.)

Produces air pollution associated with 
smog, acid rain, and global warming; 
requires storage and transportation; 
drilling, mining, and exploration 
is expensive, destructive to local 
habitats, and often dangerous; raises 
the temperature of local waters when 
water used to cool the power plants is 
released into them

Solar Energy Unlimited supply; no air or water 
pollution; no fuel is needed

Depends on sunlight; a backup energy 
source is needed; solar panels are 
expensive; requires lots of land; some 
toxic chemicals are used to manufacture 
solar cells and batteries

Wind Energy No air or water pollution; no fuel is 
needed; not very expensive to build; 
land around wind farms can be used for 
other purposes

Requires steady winds; lots of land is 
needed; some wind farms cause noise 
pollution; some people consider wind 
farms unsightly; bats and migrating 
birds are often killed by spinning 
turbines and wires

Geothermal Energy No pollution; power stations do not 
take up much room, so they have less 
impact on the environment; no fuel is 
needed; once you’ve built a geothermal 
power station, the energy is almost free 

Only a few places are suitable for 
building a geothermal power station; 
geothermal sites sometimes stop 
producing steam; sometimes hazardous 
gases and minerals come up from 
underground that require safe disposal

Hydropower Abundant; no pollution; no fuel is 
needed; easily stored in reservoirs; 
somewhat inexpensive

Requires a water supply; the necessary 
dams and reservoirs disrupt native 
habitats; the best sites are already 
developed

Nuclear Energy No air pollution; fuel (uranium) is 
abundant and somewhat inexpensive; 
reactors need to be refueled only about 
once a year; the energy obtained from 
one pound of uranium is equal to the 
amount of energy in approximately  
3 million pounds of coal

Costly to build; many safety 
regulations are involved; risk of the 
escape of dangerous radioactive 
material raises public concern; requires 
long-term (at least 10,000 years), 
safe disposal of dangerous radioactive 
waste; raises the temperature of local 
waters when water used to cool the 
reactors is released into them
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Thinking “Green” When Building

Energy Facts
In the United States, 

buildings (homes and 

offices) account for 

one-third of all the 

energy consumed, and 

two-thirds of all the 

electricity consumed!

By the year 2010,  

38 million more build-

ings will be built!

Another way that we can use energy more wisely is to build 

homes and buildings that are energy-efficient and built from 

energy “friendly” materials. The push for such buildings 

is called the Green Building Movement. “Green” is used to 

describe these buildings because it is a color associated with 

the environment. Green buildings make sense. They cost less 

to run, are healthier for the people who live and work in them, 

and are much “kinder” to the environment. But they are more 

expensive to build. Here are some of the features you might 

find in green buildings:

• Energy-efficient windows and lighting

• Use of natural or recycled building materials

T Think About It!
Are there are any green 

buildings in your commu-

nity? Visit them if you can 

and discuss some of the 

features that made these 

building “green.”

• Lower operating expenses—because alternative energy 

sources, such as solar power, and enough insulation  

are used

• Air filtering systems to keep indoor air “clean”

• Water conservation features—this means less water used 

(low flow shower heads are one example)

• Public transportation and other services, such as grocery 

stores, schools and banks are found nearly—so you don’t 

need to use a car as much

• Green (plant-covered) roofs that keep the roof cool, low-

ering cooling costs, and making a habitat for birds and 

butterflies

• The longest walls face south to maximize solar energy 

transfer—so the sun can be used to meet some of the 

building’s heating needs

• Living spaces are located on the warmer south side, 

while other rooms, such as storage and utility rooms, are 

located on the colder north side
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How Can I Be Energy‑Efficient?

Some Easy Things You Can Do

You and your family can take some simple steps to reduce the 

amount of energy you use. Discuss some of these options with 

your parents:

• Replace incandescent light bulbs with compact fluores-

cent light bulbs (CFLs).

• Air-dry dishes instead of using your dishwasher’s  

drying cycle.

• Turn off the lights when you leave a room.

• Turn off your computer and monitor when you’re not 

using them.
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• Lower the thermostat on your hot water heater. (46° C 

[115°F] is comfortable for most uses.) This reduces the 

amount of gas or electricity the water heater uses.

• Lower the thermostat on your furnace. Use blankets and 

sweaters to keep you “toasty” instead.

• Take showers instead of baths to reduce hot water use.

• Wash only full loads of dishes and clothes.

• Take public transportation or walk instead of driving 

your car.

T Think About It!
At the end of Chapter 8 you were asked to think about whether using energy-efficient 

light bulbs was worth the effort. Now that you know some of the reasons why it is 

important to use energy efficiently, what do you think? Is it worth the effort?
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The Spirit of Invention

Getting Energy to Work for You

Machines make your life easier by transferring energy to do 

something useful. But how did these machines come to be?  

In earlier chapters you read about some of the people who 

used their creativity, determination, and resourcefulness to invent 

the machines that we depend on every day: Thomas Edison— 

inventor of the first practical light bulb; Charles Strite—inven-

tor of the modern timer and pop-up toaster; and Percy 

 Spencer—inventor of the microwave oven. We owe a lot to 

them and to many others who saw a need and came up with 

an invention to address that need.

Word Connections
Inventors use creativity, determination, and resourcefulness as they work.

creativity—the ability to imagine and come up with something original.

determination—to decide to do something and work hard to follow through and 

succeed.

resourcefulness—the ability to meet challenges and overcome obstacles to get 

something done.

�0
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What Does It Take to Be an Inventor?

Inventors come in all “shapes and sizes.” It doesn’t matter if 

you are a man or a woman; young or old; famous or unknown; 

highly educated or self-taught. What does matter is that you 

have an inventive mind.

Word Connection
The word invent 

comes from the Latin 

word inventus, mean-

ing “to come upon.” To 

discover is also to come 

upon. Can you see the 

link between inventing 

and discovering? Read about some inventors and their inventions on the follow-

ing pages. See if you can tell what makes an inventive mind.

History and Biographies

Margaret (“Mattie”) Knight—Hero to Mill Workers

When Mattie Knight was only ten years old, she began working 

at a textile mill (a factory that makes fabrics). At textile mills, a 

machine called a loom takes in thread and weaves it into cloth. 

In the 1800s these looms were very dangerous to operate. They 

often caused accidents and even deaths.

Words from 
an Inventor

“Always listen to 

children…they might 

have ideas we’ve never 

thought of.”

— Alexander Graham 

Bell, inventor of the 

telephone
When Mattie saw a worker get injured she decided to do some-

thing about it. Others in her situation might have felt helpless, but 

Mattie was determined to find a solution. After several attempts, 

she succeeded. At the age of twelve, she designed a gadget that 

would stop the looms before they could cause serious injury. Many 

lives were saved because of her invention.

Mattie went on to develop several more inventions. Her most 

famous is the paper bag machine, which makes the flat-bottomed 

paper bags that we still use today. Next time you “brown bag it” 

for lunch, think about Mattie Knight.
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Chester Greenwood and the Invention of the Earmuff

When he was only fifteen years old, Chester Greenwood invented 

the earmuff. Growing up in Farmington, Maine, he knew from 

experience how uncomfortable the cold could make your ears 

feel. He decided to do something about it. He had his grand-

mother help him sew together the first earmuffs ever made. He 

used materials he had around the house—beaver fur on the out-

side, black velvet on the inside, and a soft wire for the headband. 

He called this invention the Ear Protector.

Words from 
an Inventor

“To invent, you need a 

good imagination and 

a pile of junk.”

— Thomas Edison, 

inventor of the first 

practical light bulb

Soon all his friends wanted a pair. Chester was pleased but 

thought that some improvements were needed. He revised them 

several times, using better materials and changing the design. His 

final version was collapsible and could fit inside a coat pocket.

In 1877, when he was eighteen years old, he was granted (given) 

a patent by the United States Patent Office for his earmuff. Shortly 

afterwards, he set up his own earmuff factory and supplied his Ear 

Protectors to U.S. soldiers during World War I.

Word Connection
A patent is a docu-

ment that gives an 

inventor the sole right 

to manufacture or 

sell their invention. A 

patent gives inven-

tors legal protection. 

It makes sure that, for 

a set period of time, 

they benefit (earn 

money, fame, etc.) 

from their invention by 

limiting other people’s 

right to manufacture 

the same thing.
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Marion Donovan—Inventor of the Disposable Diaper

One of the most famous sayings about the inventive mind is 

“Necessity is the mother of invention.” This saying means that 

most inventions happen because there was a need for them.

Words from 
an Inventor

“There are at least 

three steps for success. 

First, you think that 

you can do it. Second, 

you set your mind to 

it. Third, you do it.”

— Stefanie Lynn Garry, 

inventor of the 

adjustable broom

This is particularly true for Marion Donovan’s invention. When 

Marion became a young mother she struggled, like all mothers, to 

keep her baby dry. In those days, when babies wet their diapers, it 

wasn’t just the diaper that got wet! The clothes they were wearing 

and the sheets or blankets they were lying on also got wet. Can 

you imagine how much time this took out of a busy mother’s day?

Rather than complaining, Marion Donovan did something about 

it—she designed a waterproof diaper cover. Using shower curtains 

and her sewing machine, Marion created a reusable, leak-proof dia-

per cover that also kept babies from getting diaper rash. Then she 

improved on her original design by using better materials (nylon 

parachute cloth) and adding extra features (snaps instead of safety 

pins). She was given a patent for her diaper covers in 1951.

But Marion did not stop there. She began working on a disposable 

paper diaper. It was not easy to convince companies to take her idea 

seriously. Eventually, though, ten years after she began working on it, 

Marion’s idea led to the creation of Pampers®. The rest is history!

Like many inventors, Marion continued inventing throughout her 

life, earning over a dozen patents in all.
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Alexander Fleming and the Accidental 
Invention of Penicillin

Not all inventions are planned. Some actually result from mistakes. 

The genius of “accidental” inventors lies in their ability to recog-

nize the promise that lies hidden in their “mistake.”

Words from 
an Inventor

“Where observation 

is concerned, chance 

favors only the pre-

pared mind.”

— Louis Pasteur,  

Inventor of pasteuri-

zation, a process used 

to sterilize food

An example of a mistake that has saved millions of lives is the 

invention of the antibiotic called penicillin. Penicillin is a medicine 

doctors prescribe to treat harmful infections (illnesses) caused 

by bacteria, such as strep throat. In 1928 Alexander Fleming, a 

scientist studying bacteria, was about to throw out a sample of 

bacteria that had been contaminated by mold, when he noticed 

something amazing—the bacteria did not grow in places where 

the mold was growing. Fleming realized that he had stumbled on 

something very important. He ran lots of tests to try to figure out 

what the mold was producing that seemed to stop the bacteria. 

His hard work paid off when he found the answer—the mold pro-

duced a substance that stopped the bacteria from growing. When 

the miracle drug penicillin was finally introduced—ten years after 

Fleming first noticed the mold’s affect on bacteria—his discovery 

changed the world. Since that time many other antibiotics have 

been discovered, but penicillin was the first.

Word Connection
An antibiotic is a nat-

ural substance that kills 

or limits the growth of 

bacteria. Doctors pre-

scribe antibiotics when 

people have bacterial 

infections. Antibiotics 

do not affect viruses so 

they are not given to 

fight infections caused 

by viruses such as the 

common cold.

The white zigzag lines on this petri dish are bacteria. The white circular mass at the 
bottom of the plate is mold. Notice how the bacteria do not grow around the mold.
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George Crum—Inventor of the Potato Chip

Words from 
an Inventor

“Anyone can become 

an inventor, as long as 

they keep an open and 

inquiring mind and 

never overlook the pos-

sible significance of an 

accident or an appar-

ent failure.”

— Patsy Sherman, 

inventor of the fabric 

protector Scotchgard

George Crum, an African-American chef working at a resort in 

Saratoga Springs, New York, invented the potato chip in 1853 

while trying to please a picky diner. The diner felt that his French 

fries were too thick and asked for a thinner batch. After repeated 

attempts to please the diner, an irritated Crum made the “fries” so 

thin that the diner wouldn’t even be able to pick them up with a 

fork. Surprisingly, the customer didn’t mind and actually loved the 

finger food. The result was the invention of the potato chip. Crum 

took advantage of his lucky invention, calling these first chips 

Saratoga Chips and potato crunches, and selling them throughout 

New England. His hard work paid off and Crum became so suc-

cessful that he was able to open his own restaurant.

Words from 
an Inventor

“All sorts of things can 

happen when you’re 

open to new ideas and 

playing around with 

things.”

— Stephanie Kwolek, 

inventor of Kevlar 

(a very strong, very 

light substance used 

in bulletproof vests, 

airplanes, and other 

things)
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Thomas Edison—Great American Inventor

Words from 
an Inventor

“Genius is 1 percent 

inspiration and 99 per-

cent perspiration.”

—Thomas Edison, 

inventor of the first 

practical light bulb

Thomas Edison is one of the greatest and most successful inven-

tors of all time. Edison had very little formal schooling—only 3 

months in all! Instead, he was taught reading, writing, and arith-

metic by his mother. What Edison did have was amazing curiosity 

and a belief in self-improvement (making one’s life better). These 

qualities drove him to invent. He also had the determination and 

persistence necessary to succeed.

To develop the first practical light bulb he tested thousands and 

thousands of materials to find a filament that would last. Eventu-

ally he narrowed his search down to a filament made from plant 

fiber, and then proceeded to test filaments from every plant he 

could find—6,000 in all. He even had plant fibers sent from the 

tropics for testing. Eventually, his efforts were rewarded. He dis-

covered that a fiber filament from the cotton plant produced not 

only a pleasing, soft orange light, but could glow for fifteen hours 

before burning out.

Edison is famous for saying “Genius is  

1 percent inspiration and 99 percent perspi-

ration.” He lived by these words and went 

on to obtain 1,093 United States patents—

the last when he was 83 years old. This is 

the largest number of patents ever issued 

to one person. His inventions were legend-

ary and included not only the first practical 

light bulb, but also the movie camera and 

the phonograph. His contributions were so 

monumental that when he died at the age 

of 84, people throughout the world dimmed 

their lights in his honor.
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The Inventive Mind

As you can see from the stories you have just read, there is 

no single way to become an inventor. Some inventions come 

about to solve a specific need or problem. Some occur by 

chance. Sometimes, a material made for one purpose is simply 

put to another use. (Play-Doh®, for example, was originally 

used to clean wallpaper!)

While there is no single path to becoming an inventor, these 

stories do highlight certain characteristics, qualities, and 

practices shared by many inventors. A few of these are listed 

below. See if you have what it takes to think and work like an 

inventor!

Inventors are often:

• Creative

• Curious

• Imaginative

• Critical thinkers

• Not easily  

discouraged

• Observant

• Risk takers

• Open-minded

• Questioning

• Motivated

• Determined

• Persistent

• Thorough

• Confident

• Problem-solvers

Inventors also test and refine their ideas, and learn from their 

mistakes.
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Thinking Like an Inventor

Amanda, shown below, is a natural inventor. She has a great 

imagination, likes to think of better ways to get things done, 

and loves to solve problems. What do you think of her inven-

tion ideas?

I wish I didn’t have to get out of 
bed to turn off my light. I’ve got 
an idea for a lamp that turns off 
when my head hits the pillow.

I need to practice before our big 
game on Sunday. I wonder if I 
could figure out how to have my 
soccer ball automatically returned 
to me every time I hit the goal.

If it’s cloudy tomorrow, I don’t 
want to wake up early! What I 
need is a machine that would 
wake me up on sunny days and 
let me sleep in on cloudy ones.

I promised to help my Dad rake 
the lawn tomorrow, but I’d much 
rather fly my new kite! Wouldn’t 
it be great if a flying kite could 
somehow rake the lawn?
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Graphs— 
Part of a Scientist’s Toolbox

Finding the Right Tool for the Job

Graphs are tools that help scientists make sense of the data 

they collect. When a scientist displays his or her data on a 

graph, it’s important to use the right tool for the job.

You’ve probably seen several different kinds of graphs—in 

school, the newspapers, or even on the backs of cereal boxes. 

In each case, the person who made the graph chose the type 

of graph that would best display the information they had to 

share, making it easy for other people to read the graph and 

make sense of the information displayed.

Bar graphs and line graphs are two important tools in a 

 scientist’s toolbox. They are used to display different types of 

information.

Bar Graphs

A bar graph allows you to make comparisons between dif-

ferent things. Besides the items or conditions shown on the 

graph, the things being compared may not have much else in 

common. The bar graph on the next page compares the high-

est elevations (the highest points) in different states.

��
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case, mountains—are listed. This bar graph makes it easy to 

compare the elevations of the various mountains; you can 

quickly see which one is the highest and which state’s highest 

elevation is the lowest.

Line Graphs

A line graph is useful to scientists when they want to dis-

play information that shows trends—changes over time. For 

example, on the line graph below, you can easily see how the 

average high temperature at Mt. Rainer National Park has 

changed during the year.
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At other times, it is useful for scientists to graph two sets of 

data on the same line graph to look for trends between the  

two data sets. In some cases, the data is similar as in the graph 

below. Let’s say you want to compare the average tempera-

tures at Mt. Washington (which is in New Hampshire) to the 

average temperatures at Mauna Kea (which is in Hawaii). You 

can do this with a line graph, as shown below.
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The trend on this graph 
shows that the average 
daily temperature at Mt. 
Washington varies much 
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You can also use a line graph to look for relationships between 

two different data sets. To so this, you need to set up two verti-

cal axes with different scales, instead of just one. For example, 

let’s say you want to compare the average high temperature at 

Mt. Rainier National Park with the average precipitation (rain 

and snow) at Mt. Rainier National Park to see if there is a rela-

tionship between the two.
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On the left side of the graph you would set up your vertical 

axis for temperature (in degrees) and on the right side of your 

graph you would set up a second vertical axis for precipita-

tion (in inches). Then plot your data (using two different colors 

helps a lot). By doing this, you can find trends between two 

different sets of data!

Reading Graphs

As you can see, bar graphs and line graphs both show the rela-

tionship between two things, but they have very different uses. 

Even though they may look very different, you’ll find that you 

use a similar strategy to read them—comparing the values on 

the horizontal axis against those on the vertical axis.

T Think About It!
• What type of graph would you use to compare the populations (number of 

people) in several cities?

• What type of graph would you use to graph population growth over a 10-year 

period in one of these cities?

• What type of graph could you use to graph how many kids are in each grade in 

your school?
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A Walk Through 
Energy History

Energy has been making things happen since the dawn of 

time. Take a walk through time and see how energy has been 

used to change our world.

Not all the dates listed in this timeline are exact. Dates that are 

approximations will have a “c.” in front of them. The “c.” stands  

for “circa” meaning “around” and lets you know that the event 

happened around that time.

A
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4.5 billion years ago Our sun begins shining, warming Earth with solar energy.

3.4 billion years ago Blue-green algae appear on Earth. They are the first plants—

organisms that convert the sun’s energy to food for growth.

1 million years ago Early humans (Homo erectus) use fire for warmth, protection, 

and food preparation. Learning how to control fire was one of 

the first great energy inventions.
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c. 9000 b.c.Humans invent the bow and arrow, harnessing the elastic 

energy of a bow to send arrows flying.

c. 3500 b.c.People put animals to use pulling wheeled vehicles in  

Mesopotamia (present-day Iraq).

People use solar energy to dry out their crops and collect salt 

(which is made by evaporating salt water).

c. 3200 b.c.Early drawings show Egyptian sailboats with a mast and a  

single square sail hung from it. Oars are needed when not 

traveling in the direction of the wind.

c. 3000 b.c.Humans begin using petroleum (oil from the earth). In  

Mesopotamia, rock oil is used in medicines and in the glue 

that holds ships and buildings together.

c. 1500 b.c.Polynesian canoes—canoes made of two hulls connected by 

crossbeams—carry explorers over the vast waters of the Pacific 

Ocean where they establish “new lives” on the Polynesian 

Islands.

c. 285 b.c.A lighthouse is built at Alexandria in Egypt. The light from a 

fire is reflected off a mirror and can be seen 30 miles away.

c. 200 b.c.Windmills are used to grind grain in Persia (present-day Iran) 

and other countries in the Middle East.
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c. 100 b.c. Waterwheels are used in what is now central Turkey.

One-wheeled carts (wheelbarrows) are invented in China.

a.d. 79 Mt. Vesuvius erupts in Italy and buries the towns of  

Herculaneum and Pompeii.

c. a.d. 800 Vikings use longboats—boats with long hulls (longer hulls 

provide more room for oars and rowers than short hulls)—to 

carry warriors and weapons swiftly over the waters of the North 

Atlantic and northern Europe. The Vikings invade Northern 

Europe for hundreds of years with the help of these ships.

c. a.d. 1000 Natural gas wells are drilled in China. The gas flows through 

bamboo tubes (the first known “pipelines”), possibly providing 

the heat needed to make porcelain.
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a.d. 1044A man named Wu Ching Tsao Yao of China writes the first 

known recipe for making saltpeter, the main ingredient in the 

gunpowder still used in today’s fireworks.

a.d. 1201The deadliest earthquake in history, which killed 1.1 million 

people, strikes Egypt and Syria.

c. 1470–1510Leonardo da Vinci, an Italian artist and inventor, sketches 

plans for inventions hundreds of years before they are actually 

made. They include a bicycle, a flying machine, a helicopter, a 

propeller, and a parachute.

c. 1600–1700Despite its smoke and fumes, coal replaces wood as the most 

common way of heating homes in Europe.

1610Galileo Galilei describes the motion of the planets around 

the sun.
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1687 Isaac Newton publishes the Principia—thought to be one of the 

greatest scientific books of all time—in which he presents his 

theory of gravitation (every particle of matter attracts every other 

particle). He also publishes his three Laws of Motion—laws that 

describe and predict the motion of all objects on Earth. Newton 

also wrote about the behavior of light, including how it can be 

divided into colors by a glass prism.

1690 The clarinet, one example of sound energy being used to make 

music, was invented in Germany.

1714 The mercury thermometer is introduced by Gabriel Fahrenheit. 

Earlier thermometers, which used air instead of mercury, were 

not as dependable since they were affected by atmospheric 

changes. Atmospheric changes had no effect on the mercury 

used to indicate temperature in Fahrenheit’s thermometer.
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c. 1750Benjamin Franklin figures out that lightening is actually static 

electricity. He also invents a very efficient stove for heating homes.

1769James Watt patents the first efficient steam engine.

1781The stagecoach carries passengers from place to place 

throughout the world.

1787On the Delaware River, John Fitch makes the first successful 

steamboat voyage.

1800sThe first iceboxes (the earliest “refrigerators”) are used in 

homes. They are wooden boxes lined with tin or zinc and 

insulated with materials such as cork, sawdust, and seaweed. 

These early iceboxes are used to hold blocks of ice and “refrig-

erate” food. A drip pan underneath, which collects melted ice 

water, has to be emptied daily.

1801Allesandro Volta creates the first electric battery.
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1821 Michael Faraday demonstrates that a moving magnet causes 

electricity to flow through wires. This paves the way for the 

electric motor and generator to be invented.

1827 The first photographic picture was produced by a French man 

named Nicephore Niepce. He put a metal plate coated with 

a special chemical into a camera box and took a picture—

exposing the plate to the sun’s energy (this took eight hours!). 

When he washed it off he discovered that a permanent picture 

remained.

English chemist John Walker invents the wooden match.
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1830The first regular steam train passenger service starts.

1836In America, Samuel F. B. Morse sends messages over wires with 

the first telegraph.

1843James Prescott Joule conducts a series of experiments to dem-

onstrate the law of conservation of energy: energy can neither 

be created out of nothing nor destroyed into nothing, but  

can be changed from one form to another.
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1845 The rubber band is patented by Stephen Perry of London.

1859 Edwin L. Drake strikes oil at his homemade drilling rig in Titus-

ville, Pennsylvania. This is the first oil well in the United States. 

It marks the beginning of the modern oil industry, which now 

fuels the transportation and energy needs of the world.

1860s The booming steel industry greatly increases the demand  

for coal.

1863 In the city of London, the first subway is built.

1865 James Clark Maxwell presents his electromagnetic theory, 

which other inventors use to invent electric power, radios,  

and television.

1876 Alexander Graham Bell invents the telephone.

1877 Thomas Edison invents the phonograph.
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1879Thomas Edison patents an incandescent light bulb.

1880Wabash, Indiana becomes the first town completely illumi-

nated by electric lighting.

1882The world’s first hydroelectric plant opens in Appleton,  

Wisconsin, demonstrating that moving water can generate 

electricity.

1884The “Rover” bicycle, the first to have all the major features of 

today’s bicycles, is introduced in Great Britain.

The first long-distance telephone call is made between Boston 

and New York City.

1885Gottlieb Daimler and Karl Benz of Germany invent gasoline 

engines similar to those still used in cars today.

1895Wilhelm Roentgen x-rays his wife’s hand to produce the first 

“x-ray picture.”

Guglielmo Marconi sends and receives the first radio signal, 

which leads to the invention of the radio.
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1902 Willis Carrier builds the first air conditioner.

1903 The Wright Brothers fly the first engine-powered airplane near 

Kitty Hawk, North Carolina. Their machine flies for 59 seconds, 

and reaches an altitude (height) of 852 feet.

1905 Einstein links mass with energy through his famous formula 

E=mc2.

This theory eventually led to nuclear power, nuclear weapons, 

nuclear medicine, and the field of astrophysics.

The first “portable” electric vacuum cleaner is produced. It 

weighs 92 pounds!

The first electric washing machine is sold.
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1910Thomas Edison demonstrates “talking” pictures—the first 

 movies with sound “blended” in.

The first flight powered by a jet engine takes place over Paris, 

France.

1911Marie Curie wins the Nobel Prize in Chemistry for her work 

isolating radium, a substance which gives off radioactive 

energy. Years later, radium is used to treat cancer.

1913The first “non-icebox” refrigerators (made with compressors) 

for home use are manufactured in Chicago.
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Henry Ford thinks of a way for workers to use a conveyor belt 

to speed up production of the Model T Ford. Soon most manu-

facturers use this method to make large quantities of their 

products, including cars.

1919 The modern pop-up toaster, which uses a timer to toast bread 

to the desired doneness, is introduced by Charles Strite.

1926 First liquid-fuel rocket is launched by Robert Goddard.

1927 Philo T. Farnsworth successfully transmits a television signal. 

The picture on the television screen is black and white.

1935 Major league baseball games are played at night for the first 

time. Night games are made possible by electric lighting.

1936 The Hoover (Boulder) Dam is completed.

1938 The first color television is demonstrated in London.
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1940A helicopter is invented by Igor Sikorsky—more than 400 years 

after Leonardo da Vinci first describes this invention.

1942Scientists demonstrate the first controlled production of 

nuclear energy.

1945The first atomic bomb is tested.

1947The microwave oven, invented by Percy Spencer, is introduced 

by Raytheon Corporation.

1952The United States explodes the first hydrogen bomb.

1954Scientists show that the sun’s energy can be converted to elec-

tric current using silicon solar collectors.

The United States launches the USS Nautilus—the world’s first 

nuclear-powered submarine.

1957The first commercial nuclear power plant begins operating in 

Shippingport, Pennsylvania.
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1958 Scientists at AT&T Bell Laboratories invent the laser.

1963 The Clean Air Act is passed to protect Americans from harmful 

air pollutants, such as those released by coal power plants and 

steel mills.

1966 The first hand-held pocket calculator is invented.

1974 University City, Missouri is the first city to pick up recycling 

from homes (newspapers only).
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1976Edward Hammer presents an idea for a fluorescent “spiral 

lamp.” Because of its high cost, compact fluorescent light 

bulbs do not appear in stores until 1995.

1977The first cell phones are tried out in Chicago by two thousand 

customers.

1978Texas Instruments patents the microchip for use in computers.

1980sThe first wind farms are built in the United States, providing 

an alternative to power plants that burn fossil fuels.
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1982 The compact disc is available in stores.

1984 The first modern tidal power plant in North America opens 

in Nova Scotia, demonstrating that the motion energy of the 

tides can be used to generate electricity.

2004 Hybrid electric cars become widely available at car dealerships.
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Glossary

accurate
Differing only slightly from the correct 

value.

acid rain
Precipitation (rain, snow, sleet, etc.) that 

is slightly acidic, primarily as a result of 

pollutants released when fossil fuels are 

burned.

air pressure
The force exerted by the weight of the air. 

Also known as atmospheric pressure.

alternative energy sources
Energy sources, such as solar energy and 

wind energy, that can be used instead of 

fossil fuels.

Celsius
The scale used in the metric system for 

measuring temperature.

chemical energy
The energy stored in materials such as 

food, batteries, dynamite, and gasoline. 

The chemicals that make up a material 

determine how much chemical energy  

it stores.

compact fluorescent bulb (CFL)
A type of light bulb that contains a gas 

in the tube and a special material on 

the glass of the tube. When electricity 

transfers through it, energy transfers to 

the gas and then to the special material, 

which gives off the energy as light.

conclusion
What you have discovered based on 

observations or other data. You should 

be able to support your conclusion with 

evidence.

condensation
The process of an invisible gas changing 

into a liquid.

condense
To change from an invisible gas into a 

liquid.

conduction
The transfer of heat energy through a 

material.

conductor
A material that heat energy can transfer 

through.
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converging winds
Winds moving from all directions 

inward toward one point that run into 

each other.

core
The center of the earth. It is composed 

mostly of iron. It has two parts: a mol-

ten (not solid) outside and a solid (hard) 

inside.

crust
The outside layer of the earth’s surface. 

It is made of solid rock.

data
A record of what happened during an 

investigation. Information gathered by 

counting, measuring, or other types of 

observation.

elastic energy
The energy stored in stretchy objects, 

such as rubber bands, when they are 

stretched, or springy objects, such as 

springs, when they are compressed. 

When stretched or compressed objects 

are released, their elastic energy 

changes to another form of energy, usu-

ally motion.

electrical energy
The energy that electricity provides.

energy efficiency
The amount of useful energy produced 

by a process compared to the total 

amount of energy put into the process.

energy-efficient
To waste very little energy while per-

forming a “job.”

energy form
A certain type of energy that has 

 specific characteristics.

energy in action
Energy that is bringing about change.

energy transfer
When energy moves from one object or 

place to another or changes from one 

form to another.

evaporate
To change from a liquid into an invis-

ible gas.

evaporation
The process of a liquid changing into an 

invisible gas.

Fahrenheit
The scale used in the United States for 

measuring temperature.
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fair test
An experiment that compares some-

thing by changing one variable while 

keeping all other variables the same.

food chain
A chain of organisms in which each 

link feeds on a link below it.

fossil fuels
Fuels that formed over millions of years 

from decayed plants and animals pre-

served in the earth’s crust. Coal, oil, and 

natural gas are fossil fuels.

geothermal energy
Heat from within the earth.

global warming
The gradual increase in the earth’s aver-

age temperature that many scientists 

believe is occurring as a result of the 

current reliance on fossil fuels to meet 

the world’s energy needs.

good conductor
A material that heat energy transfers 

through rapidly.

gravitational energy
The energy stored in objects that are in 

a position to fall, such as the water at 

the top of a waterfall or a wagon at the 

top of a hill. When an object falls, its 

gravitational energy changes to another 

form of energy, usually motion.

greenhouse gases
Gases, such as carbon dioxide, meth-

ane, and water vapor that form a layer 

in the atmosphere. This layer acts like 

a greenhouse—allowing sunlight to 

pass through, but trapping heat energy 

inside. Greenhouse gases are released by 

many processes, but primarily from the 

burning of fossil fuels.

heat energy
The energy a substance has as a result 

of its temperature. The higher an object’s 

temperature, the more heat energy it has.

horizontal axis
The line on the bottom of a line graph 

that runs from the left to the right. This 

is also known as the x-axis.

hurricane
A tropical storm that forms over the 

ocean with winds of 117 kilometers per 

hour (74 miles per hour) or greater and 

that is usually marked by heavy rains, 

thunder, and lightning.

hydropower
Energy from moving water used to power 

machines and generate electricity.

incandescent bulb
A type of light bulb that contains a 

metal filament, or wire, that becomes 

very hot when electricity transfers 

through it. This produces light.
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insulator
A material that slows heat energy trans-

fer. A good insulator is a poor conductor.

interval
The difference between two numbers on 

a scale.

invention
An original creation. An invention 

can be a thing, such as a machine, or 

a process, such as a new way of doing 

something.

Kelvin
A scale commonly used by scientists for 

measuring temperature. On the Kelvin 

scale, zero is equal to 273 degrees Celsius 

below zero.

life (of a light bulb)
The average amount of time (given in 

hours) that a light bulb is expected  

to last.

light emitting diode (LED)
A source of lighting that is very long-

lasting, energy-efficient, and durable 

(hard to break).

light energy
The energy carried by light rays.

line graph
A graph in which data points are con-

nected by a line. Often, a line graph 

shows how something has changed over 

time. Line graphs are sometimes used to 

display information that shows trends.

lumens
A measure of the quantity of light pro-

duced by a source, such as a light bulb.

machine
A device that helps people harness 

energy transfers to perform a particular 

task.

mammals
Warm-blooded animals with a back-

bone that nurse their young and have 

skin that is usually covered with hair.

mantle
The layer below the earth’s crust. It is 

much thicker than other layers and its 

lower portion has a semi-molten, slowly 

flowing consistency.

materials
Supplies needed to carry out an 

 experiment.

metabolism
The process by which substances (such 

as food) are broken down, releasing 

energy needed to maintain all of the 

body’s functions.
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microwave energy
One of several types of energy that 

travel through space at the speed of 

light.

motion energy
The energy present in moving things, 

such as the wind, a racing car, or a 

 soaring ball.

non-renewable (energy sources)
Energy sources such as fossil fuels that 

cannot be replaced in a practical amount 

of time. Fossil fuels take millions of years 

to form—when they are used up they are 

basically gone for good.

photosynthesis
The process that transfers energy from 

sunlight to plant material.

poor conductor
A material that heat energy transfers 

through slowly.

procedure
A sequence of steps that describes how 

to perform a specific task.

renewable (energy sources)
Energy resources that constantly renew 

themselves or seem like they will never 

run out. Energy from the sun, wind, and 

flowing water are examples of renew-

able energy sources.

scale (of a graph)
A series of numbers placed at fixed 

intervals on the axis of a graph.

solar energy
Energy transferred from the sun. Solar 

energy travels to the earth through 

space and provides warmth, light, and 

energy for plant growth.

sound energy
The energy carried by sound waves.

stored energy
Energy that is available to make things 

happen but is not bringing about 

change at the moment.

stratosphere
The layer of the atmosphere where the 

ozone layer is located.

temperature
A measure of how hot or cold some-

thing is.

thermometer
An instrument used to measure tem-

perature. Most thermometers consist of 

a thin glass tube containing a liquid 

(usually mercury or colored alcohol) 

that expands or contracts (rises or falls) 

as the temperature changes. A num-

bered scale on the glass tube makes it 

possible to tell the temperature based  

on the height of the liquid.
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thermostat
A device that is used to regulate tem-

perature. Home heating systems, for 

example, have a thermostat that when 

set at certain temperature, turns the 

heater on when the temperature falls 

below the set temperature, and turns 

the heater off when the temperature 

gets above that temperature.

trend (on a graph)
A pattern on a graph where the data 

increases, decreases, or stays the same 

over time.

variable
Any factor in an experiment that can be 

changed.

vertical axis
The line on the left side of a line graph 

that runs up and down. This is also 

known as the y-axis.

watt (W)
The unit used to measure the rate 

(energy per second) at which electrical 

energy is used.

wattage
A measure of the rate at which a light 

bulb uses electrical energy.

wind energy
Energy from the wind.
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absolute zero, in Kelvin scale, 44
accurate, 151
acid rain

defined, 151
greenhouse effect and, 101–102

aerogels, 70
air

clothing as insulation and, 75
dust particles in, 15
indoor air quality, 109
insulated windows and, 72
insulating quality of, 70
warm air rising and cool air sinking in storm 

pattern, 55
air conditioner, 140
air pressure

defined, 151
hurricanes and, 56
wind flowing from high pressure to low 

pressure areas, 15
alloys, 60
alternative energy sources. See also renewable 

energy
defined, 151
generating electricity with, 102
geothermal, 105
Green Building Movement and, 109
hydropower, 105
solar, 103
wind, 104, 145

aluminum, 60, 63
aluminum foil, 67
ammonia gas, in refrigeration technology, 

64–65

animals, pulling wheeled vehicles with, 131
Antarctic Ozone Hole, 64
antibiotics, 117
appliances. See household appliances
arrow, bow and, 131
astrophysics, 140
atmospheric pressure. See air pressure
atomic bomb, 143
automobiles

energy efficiency of, 83
gasoline engine invented, 139
how they work, 98–99
hybrid cars, 96
mass production of, 142

axes, graph
horizontal axis (x-axis), 153
plotting trends on, 128
vertical axis (y-axis), 156

B
bamboo, as conductor, 60–61, 63
bar graphs, 123–125

comparisons with, 123
scale and intervals, 124–125

bats, echolocation, 9
battery

chemical energy in, 3
invention of, 135

Bell, Alexander Graham, 114, 138
Benz, Karl, 139
bicycle, 139
birds, feathers as insulators, 80–81
blubber, as insulator, 78–80
blue-green algae, 130
boiling point, of liquids, 44
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bow and arrow, 131
brass, as conductor, 60, 63
bronchitis, fiberglass causing, 73
bubble wrap, insulating quality of, 70
buildings, Green Building Movement, 109
bulb thermometer, 42

C
calculator, hand-held, 144
candles, 32
canoes

as energy transfer machine, 29
Polynesian, 131

carbon, 97
Carboniferous Period, 97
Carrier, Willis, 140
CD (compact disc), 146
cell phones, 145
cellulose insulation, 74
Celsius, Anders, 43
Celsius scale, 43, 151
ceramic dishes, microwave energy not absorbed 

by, 67
CFLs (compact fluorescent light bulbs). See also 

fluorescent light bulbs
comparing with incandescent bulb, 91–92
defined, 151
disposing of, 93
history of, 90
replacing incandescent bulbs with, 110

change, resulting from energy transfer, 13
chemical energy

in car engines, 98–99
defined, 151
muscle power and, 29
overview of, 3
photosynthesis and, 16

clarinet, 134
Clean Air Act, 144
clocks/watches, 34
clothes dryers

energy efficiency of, 86
heat energy transfer as basis of, 45

clothesline, 33

clothing
coats/sweaters preventing transfer of body 

warmth, 52
insulating value of, 75–76
layering, 76

clouds, 15
coal

Clean Air Act, 144
as heating source in Europe, 133
steel industry increasing demand for, 138

COBE (Cosmic Background Explorer) satellite, 
44

coils, refrigeration, 65
cold

coats preventing transfer of body warmth, 52
natural flow from hotter objects to colder 

objects, 45, 50–51
compact cars

energy efficiency of, 83
operating cost compared with SUVs, 96

compact disc (CD), 146
compact fluorescent light bulbs. See CFLs 

(compact fluorescent light bulbs)
comparisons, bar graphs for, 123
compression, in elastic energy, 5, 152
compressors, refrigeration, 65, 141
computer microchip, 145
conclusions, evidence and, 151
condensation

clouds and precipitation and, 15
defined, 151
heat energy released by, 55

conduction
comparisons, 63
defined, 151

conductors, of heat energy, 57–67
aluminum, 60
bamboo, 60–61
brass, 60
combining materials, 62
comparing materials, 63
cooking and, 62
copper, 60
defined, 57, 151
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conductors (continued)
good conductors, 153
kitchen appliances and, 64–67
kitchen materials and, 58–59
plastic, 61
poor conductors, 155

conservation, of resources, 72, 97–98
conservation of energy (Joule), 137
converging winds, 56, 152
cooking

heat energy for, 62
heat energy transfer as basis of, 45
microwave energy for, 67

Coolidge, William, 89
copper

in brass alloy, 60
conduction comparisons, 63
as good conductor, 60

core, of earth
defined, 152
earthquakes and volcanos and, 18–19
temperature of, 17

Cosmic Background Explorer (COBE) satellite, 44
cotton, recycled, 75
creativity, of inventors, 113
crops, drying with solar energy, 131
Crum, George, 118
crust, of earth, 18, 152
Curie, Marie, 141
curtains, insulating value of, 72

D
da Vinci, Leonardo, 133, 143
Daimler, Gotlieb, 139
data

conclusions from observation of, 151
defined, 152
line graphs for comparing trends in, 126–127

decomposition, 19
determination, of inventors, 113
diapers, disposable, 116
diesel. See fuel (gasoline/diesel)
discovery, 114. See also inventions
dishwashers, 110

dolphins, 78
Donovan, Marion, 116
doors, heat energy transferring through, 48–49
down feathers, as insulator in animals, 80–81
Drake, Edwin, 138
dryers. See clothes dryers
dust particles, in air, 15
dynamite, chemical energy in, 3

E
E=mc2, 140
ear muffs, 115
earth

energy transfer from sun, 14–16
energy transfer inside, 17–19
light energy and, 7

earthquakes
deadliest in history strikes Egypt and  

Syria, 133
energy transfer from inside earth, 17
mantle and crust and, 18

echolocation, bats, 9
Edison, Thomas A.

incandescent light bulb, 88, 139
as inventor, 113, 119
movie camera, 141
on what an inventor needs, 115

Einstein, Albert, 140
Ekström, Daniel, 43
elastic energy, 5, 152
electric cars, 96
electric energy

defined, 152
overview of, 8

electric motor, 136
electricity

alternative energy sources for, 102
first town illuminated by electric lighting, 139
fossil fuels for generating, 100
geothermal energy for generating, 106–107
hydropower for generating, 105
night baseball made possible by electric 

lighting, 142
role of magnets in generation of, 136
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electricity (continued)
solar energy, 103
sun’s energy converted to, 143
tidal power for generating, 146
wind energy, 104

electromagnetic theory (Maxwell), 138
elevation, above sea level, 44
energy

in action, 152
conservation of, 72, 97–98
pros/cons of sources, 107–108
renewable, 102
where you can find, 1

energy efficiency, 83–93
automobiles and, 83
conservation and, 97–98
defined, 152
fossil fuels, 99–102
geothermal energy, 106–107
Green Building Movement, 109
household appliances and, 84–86
hybrid cars, 96
hydropower, 105
light bulbs and, 91–93
overview of, 83
pros/cons of energy sources, 107–108
renewable energy sources and, 102
saving money with energy efficient 

machines, 95
solar, 103
things you can do, 110–111
wind, 104

energy form
changing form when transferred, 21
chemical, 3
defined, 152
elastic, 5
electric, 8
gravitational, 4
heat, 6
light, 7
motion, 2
seeing forms of energy at work, 10–11
sound, 9

energy transfer, 13–23
changes in natural world, 22–23
defined, 152
frequently asked questions regarding, 21
inside earth, 17–19
between living things, 19–20
machines. See machines
overview of, 13
from sun, 14–16
types of, 36–37

EnergyGuide, household appliances, 84–85
environmental impact, of fossil fuels, 100–102
equator/tropics

hurricanes forming in tropics, 54
unequal heating of the earth, 15

evaporation
clouds and precipitation and, 15
defined, 152
heat energy transfer and, 46

expansion valves, refrigeration, 65
eye, of hurricane, 55
eye protection, safety goggles, 73–74

F
fabrics, for warmth and coolness, 75–76
Fahrenheit, Daniel, 43
Fahrenheit, Gabriel, 134
Fahrenheit scale, 43, 152
fair test, 153
falling objects. See gravitational energy
Faraday, Michael, 136
Farnsworth, Philo T., 142
fat, as insulator in animals, 78–80
fiberglass

dangers of, 72–74
home insulation with, 71–72
invention and uses of, 72

filament, light bulb, 88–89, 119
fire

early human use of, 130
heating rooms with, 45–46

fireplace, as energy transfer machine, 31
Fitch, John, 135
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Fleming, Alexander, 117
flight

first powered flight, 141
Wright brothers, 140

floating machines (boats)
energy transfer and, 28–29
Polynesian canoes, 131
sailboats in early Egyptian drawings, 131
steamboats, 135
Viking longboats, 132

fluorescent light bulbs. See also CFLs (compact 
fluorescent light bulbs)
energy efficiency of, 91–93
Hammer’s work as basis for, 145
history of, 89–90

food
chemical energy in, 3
materials used in preparation of, 58–59
metabolism of, 78
photosynthesis and, 16
windmills for grinding grain, 131

food chain, 20, 153
Ford, Henry, 142
fossil fuels

acid rain and, 151
alternatives to, 145, 151
appliances and machines using, 100
cars running on, 98–99
chemical energy in, 3
defined, 153
early use of petroleum in Mesopotamia, 131
energy efficiency of automobiles and, 83
environmental impact of, 100–102
first oil well in United States, 138
greenhouses gases and, 153
natural gas wells, in China, 132
as non-renewable resource, 97–98
oil dependency, 97
pros/cons of energy sources, 108
transfers heat energy into motion energy, 29

Franklin, Benjamin, 135
freezers, 64
Freon, refrigeration, 64–65
fuel (gasoline/diesel). See fossil fuels

G
Galileo Galilei, 133
Garry, Stefanie Lynn, 116
gases. See also air

ammonia, 64–65
condensing into liquids, 55, 151
in fluorescent light bulb, 89
Freon, 64
insulating quality of, 70
temperature affecting state of, 40

gasoline. See fossil fuels
gasoline engine, 139
geothermal energy

as alternative to fossil fuels, 106–107
defined, 153
pros/cons of, 108

geysers, 107
glass

conduction by, 63
insulating windows and, 71–72
microwave energy not absorbed by, 67

glass wool. See fiberglass
global warming, 100–101, 153
Goddard, Robert, 142
good conductors

aluminum, 60
copper, 60
defined, 153

goose bumps, 76
grain, windmills for grinding, 131
graphs, 123–128

bar graphs, 123–125
line graphs, 125–128
overview of, 123
reading, 128

gravitational energy
defined, 153
Newton’s theory of gravity, 134
overview of, 4

Green Building Movement, 109
greenhouse effect, 101
greenhouses gases, 100–101, 153
Greenwood, Chester, 115
gunpowder, 133
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H
hair, as insulator in animals, 76–78

color of, 77
shedding, 77
thickness of, 76, 78

hair dryers, 46
Hammer, Edward, 90, 145
heat energy

in car engines, 98–99
compared with temperature, 39–40
condensation and, 55
conductors. See conductors, of heat energy
factors in amount in objects, 40
hurricanes fueled by, 54
from inside earth, 17–18
insulators. See insulators, of heat energy
overview of, 6
scales, 43–45
from sun, 14–16
temperature and, 153
thermometers, 41–42

heat energy transfer, 45–56
conductors of heat energy. See conductors, of 

heat energy
evaporation and, 46
examples of, 46–50
eye of hurricane created by, 55
fuel transfers heat energy into motion 

energy, 29
insulators of heat energy. See insulators, of 

heat energy
misunderstandings in common language, 52
natural flow from hotter to colder objects, 45, 

50–51
refrigeration technology and, 65

helicopter, 143
Herculaneum, 132
home insulation. See insulation, of homes
Homo erectus. See humans (Homo erectus)
Hoover (Boulder) Dam, 142
horizontal axis (x-axis), line graphs, 153
hot springs, 107
household appliances. See also machines

energy efficiency of, 84–86

fossil fuels and, 100
microwave ovens, 66–67
pop-up toasters, 66
refrigerators, 64–65

humans (Homo erectus)
bow and arrow, 130
fire, 130
wheeled vehicles, 131

Hurican, 53
hurricanes, 53–56

air pressure differences in, 56
classification based on wind speed, 53
conditions for formation of, 54
defined, 153
energy transfer from sun as cause of, 15
eye of, 55
wind patterns in, 56

hybrid cars, 96, 146
hydrogen bomb, 143
hydropower

alternative to fossil fuels, 105
defined, 153
first hydroelectric plant, 139
pros/cons of, 108

I
ice cubes, 52
iceboxes, 135
imagination, in invention, 121
incandescent light bulbs

CFLs compared with, 91–92
CFLs replacing, 110
defined, 153
energy efficiency of, 91–92
history of, 88–89

infrared radiation, in outer space, 44
instruments, sound energy and, 9
insulation, of homes, 70–75

cellulose, 74
dangers of fiberglass, 72–74
fiberglass, 71–72
overview of, 70
recycled cotton, 75
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insulators, of heat energy
blubber or fat, 78–80
clothing, 75–76
defined, 57, 154
down feathers, 80–81
energy efficiency and, 86
hair, 76–78
home insulation, 70–75
kitchen materials and, 58–59
preventing heat energy transfer, 49
types of, 69–70

intervals, graphs, 124–125, 154
inventions

air conditioner, 140
airplane, 140
battery, 135
bicycle, 139
bow and arrow, 131
CFLs (compact fluorescent light bulbs), 90
clarinet, 134
creativity, determination, and resourcefulness 

and, 113
defined, 154
electric motor, 136
fiberglass, 72
fire, 130
fluorescent light bulb, 89–90
Franklin stove, 135
hand-held calculator, 144
helicopter, 143
icebox, 135
incandescent light bulb, 88–89, 139
laser, 144
mercury thermometer, 134
microchip, 145
microwave oven, 66–67, 143
phonograph, 138
photography, 136
pop-up toaster, 66, 142
radio, 138, 139
refrigerator, 64, 141
rubber band, 138
saltpeter, 133
steam engine, 135

telegraph, 137
telephone, 138, 139
television, 138, 142
vacuum cleaner, 140
wheelbarrow, 132
wheeled vehicle, 131
wood match, 136
x-ray, 139

inventors
Bell, Alexander Graham, 138
Benz, Karl, 139
Crum, George, 118
da Vinci, Leonardo, 133, 143
Donovan, Marion, 116
Edison, Thomas A., 113, 119, 138
Faraday, Michael, 136
Fleming, Alexander, 117
Franklin, Benjamin, 135
Garry, Stefanie Lynn, 116
Greenwood, Chester, 115
Knight, Margaret, 114
of machines, 113
Marconi, Guglielmo, 139
Maxwell, James Clark, 138
qualities of inventive mind and, 120
Sikorsky, Igor, 143
Spencer, Percy, 113, 143
Strite, Charles, 113
thinking like an inventor, 121
Walker, John, 136
what it takes to be an inventor, 114

iron (appliance), 32
iron (metal), 63

J
Joule, James Prescott, 137

K
kayaks, 29
Kelvin, William Thomson, 44
Kelvin scale, 44, 154
Kevlar, 118
kilowatt-hours per year (KWh/year), 85
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kitchen appliances. See also household 
appliances
microwave ovens, 66–67
pop-up toasters, 66
refrigerators, 64–65

kitchen materials
comparing, 63
conductors and insulators in, 58–61
utensils and cookware and, 62

Knight, Margaret, 114
KWh/year (kilowatt-hours per year), 85
Kwolek, Stephanie, 118

L
laser, 144
lava, 19. See also molten rock
Laws of Motion (Newton), 134
LEDs (light emitting diodes), 91, 154
life, of light bulb, 87, 154
life, on earth

energy transfer between living things, 19–20
sun and, 7

light bulbs, 86–93
CFLs (compact fluorescent light bulbs), 151
energy efficiency of, 91–93
fluorescent, 89–90
incandescent, 88–89
LED, 91
life of, 87
lumens for measuring light output, 86
watts for measuring energy used in, 87

light emitting diodes (LEDs), 91, 154
light energy

defined, 154
Newton on behavior of, 134
overview of, 7
photosynthesis and, 16

lighthouse, in Alexandria, 131
line graphs

defined, 154
horizontal axis, 153
trends shown with, 125–128
vertical axis (y-axis), 156

liquids
gases condensing into, 55, 151
temperature affecting state of, 40

longboats, Viking, 132
looms, safety of, 115
lumens, 86, 154
lungs, fiberglass causing damage to, 73

M
machines, 25–37. See also household appliances

18th century, 30–35
defined, 154
electric energy and, 8
energy efficiency of, 95
energy transfer with, 26–27
exercise identifying types of energy transfer, 

30–35
floating machines (boats), 28–29
fossil fuels and, 100
of today and yesterday, 30

magma. See molten rock
magnetron tubes, in microwave ovens, 66–67
magnets, 136
mammals

defined, 154
insulating value of hair, 76–77

mantle
defined, 154
earthquakes and, 18

Marconi, Guglielmo, 139
match, wood, 136
materials, 58–63

combining, 62
comparing conduction capacity of, 63
conductors compared with insulators, 58–59
defined, 154
good conductors, 60
poor conductors, 60–61

Maxwell, James Clark, 138
mercury

disposing of CFLs and, 93
invention of mercury thermometer, 134

Mesopotamia, 131
metabolism, 78, 154
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metals
aluminum, 60, 63
brass, 60, 63
copper, 60, 63
iron, 63
not using in microwave oven, 67
zinc, 60

microchip, computer, 145
microwave energy, 155
microwave ovens, 66–67, 143
Model T Ford, 142
molten rock

in earth core, 152
earthquakes and volcanos and, 18–19
geothermal energy and, 106

Morse, Samuel F. B., 137
Motion, Laws of (Newton), 134
motion energy

in car engines, 98–99
chemical energy transferred into, 29
defined, 155
elastic energy transferred into, 5
gravitational energy transferred into, 4
heat energy transferred into, 17–18, 29
overview of, 2
sailboats and, 28
tidal power plant and, 146

movie camera, 119, 141
Mt. Vesuvius, eruption, 132
muscles, chemical energy in, 29

N
National Hurricane Center, 53
natural gas wells, in China, 132
natural world

energy transfer from sun, 14–16
energy transfer inside earth, 17–19
energy transfer seen as changes in, 22–23

Newton, Isaac, 134
Niepce, Nicephore, 136
non-renewable energy sources

defined, 155
fossil fuels, 97–98

nuclear energy
Einstein’s work leading to, 140
first controlled production of, 143
first nuclear power plant, 143
first nuclear powered submarine, 143
pros/cons of, 108

O
oil. See fossil fuels
ovens, energy efficiency of, 86
Owens-Corning company, 72
ozone, Antarctic Ozone Hole, 64

P
Pampers, 116
paper, as conductor, 63
paper bag machine, 114
Pasteur, Louis, 117
patents

Edison’s, 119
inventions and, 115
rubber band, 138

penicillin, 117
Penzias, Arno, 44
petroleum. See fossil fuels
phonograph, 119
photography, 136
photosynthesis, 16, 155
planets, motion around sun, 133
plants

light energy and, 7
transfer of energy from sun to, 16

plastic
conduction comparisons, 63
microwave energy not absorbed by, 67
as poor conductor of heat energy, 61

Play-Doh, 120
polar bears, 76–77
pollution

Clean Air Act, 144
fossil fuels and, 101–102

Polynesian canoes, 131
Pompeii, 132
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poor conductors
bamboo, 60–61
brass, 60
defined, 155
plastic, 61

potato chip, invention of, 118
pots, kitchen, 60
power boats, 29
precipitation, 15
pressure, atmospheric. See air pressure
Principia (Newton), 134
procedures, 155
public transportation, 109, 111

R
radio

electromagnetic theory as basis for invention 
of, 138

first radio signal sent and received, 139
radioactive energy, 141
radium, 141
rain, 15
Raytheon Company, 66–67, 143
recycled cotton, 75
recycling

first city to pick up, 144
Green Building Movement and, 109

refrigerators
energy efficiency of, 86
heat energy transfer and, 50
how they work, 65
iceboxes, 135
invention of, 64
manufacture of first, 141

renewable energy, 102. See also alternative 
energy sources
defined, 155
geothermal, 106–107
hydropower, 105
pros/cons of energy sources, 107–108
solar, 103
wind, 104

resourcefulness, of inventors, 113
resources, conservation of, 97–98

rocket, liquid fueled, 142
Roentgen, William, 139
roofs

Green Building Movement, 109
insulating, 72

rowboats, 29
rubber band, 138

S
safety goggles, 73–74
sailboats

in early Egyptian drawings, 131
as energy transfer machine, 28

salt, 131
saltpeter, 133
satellite, COBE (Cosmic Background Explorer), 44
scale (of a graph), 124–125, 155
scale, intervals, 154
sea otters, 78
seals, 78
shades, insulating windows with, 72
Sherman, Patsy, 118
Sikorsky, Igor, 143
skin, protecting from fiberglass, 73
Slayter, Russell Games, 72
smog, 101
solar energy

alternative to fossil fuels, 103
defined, 155
drying crops and collecting salt, 131
Green Building Movement, 109
pros/cons of, 108

solar panels
alternatives to fossil fuels, 103
collecting light energy with, 7
converting sun’s energy to electricity, 143

solids, temperature affecting state of, 40
sound energy

defined, 155
instruments for making music, 134
overview of, 9

Spencer, Percy, 66, 113, 143
stagecoach, 135
stainless steel, 63
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steam engine, 135
steamboats, 135
steel, 138
stone, insulation quality of, 72
storms. See also hurricanes

condensation and, 55
energy transfer from sun as cause of, 15

stoves
cooking with heat, 45
Franklin stove for heating homes, 135

stratosphere, 64, 155
Strite, Charles, 66, 113, 142
submarine, 143
subway, London, 138
sun

energy transfer from, 14–16, 47
motion of planets around, 133

sun screen applicator, 148–149
SUVs

energy efficiency of, 83
operating cost compared with compact car, 

96

T
tapestries, insulating qualities of, 72
telegraph, 137
telephone

first long distant call, 139
invention of, 138

television
electromagnetic theory as basis for invention 

of, 138
first color, 142
first transmission of television signal, 142

temperature
compared with heat energy, 39–40
defined, 155
heat energy and, 6, 153
heat energy transfer and, 51
of space, 44

temperature scales, 43–45
Celsius, 43, 151
Fahrenheit, 43, 152
Kelvin, 44, 154

textile looms, safety of, 115
thermometers

bulb thermometer, 42
defined, 155
mercury thermometer, 134
uses of, 41

thermostats
defined, 156
energy efficiency and, 111
setting temperature with, 41

thunderstorms, 54
tidal power plant, 146
tin, conduction of, 63
toasters, pop-up, 66, 142
train, steam, 137
trends, graphing, 125, 156
tropical depressions, 54
tropical storms, 54. See also hurricanes
tropics, unequal heating of the earth, 15
tungsten filaments, in light bulbs, 89
typhoons. See hurricanes

U
ultrasound, 9
USS Nautilus, 143

V
vacuum cleaner, 140
variables

in an experiment, 156
fair test, 153

vertical axis (y-axis), line graphs, 156
Viking longboats, 132
vision, 7
volcanos

energy transfer from inside earth, 17–19
Mt. Vesuvius, 132

Volta, Allesandro, 135

W
Walker, John, 136
washboard, 33
washing machines, 140
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water
conduction of, 63
conservation of, 109
hydropower and, 105
temperature affecting state of, 40

waterwheels, in Turkey, 132
watt (W)

defined, 156
energy use of light bulbs measured by, 87

Watt, James, 135
weather, energy transfer from sun as cause of, 15
whales, 78–80
wheelbarrows, in China, 132
wheeled vehicles, in Mesopotamia, 131
Wilson, Robert, 44
wind

converging winds, 56, 152
energy transfer from sun as cause of, 15
hurricanes classified based on wind speed, 53

wind energy
alternatives to fossil fuels, 104
defined, 156
pros/cons of, 108
sailboats transferring wind energy into 

motion, 28
wind farms in U.S., 145

wind turbines, 104
windmills, 104, 131
windows

Green Building Movement, 109
heat energy transferred through, 48–49
insulating, 71–72

wood
conduction of, 63
as poor conductor, 60

work, 26–27. See also machines
Wright, Wilbur and Orville, 140
Wu Ching Tsao Yao, 133

X
x-axis (horizontal axis), line graphs, 153
x-rays, 7, 139

Y
y-axis (vertical axis), line graph, 156

Z
zinc, in brass alloy, 60
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