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HEAT and ENERGY
Energy is a part of everything we do and see.
Heat and light are energy.
Energy helps us move and grow.
Energy makes machines work.
There is energy in everything in the world—in the air, in our bodies, in every
rock and plant.
We use heat, called thermal energy, every day. We can’t see heat, but we
can feel it. Our bodies make heat and our stoves and lights do, too. We heat
our houses, our food, and our water.
Sometimes there is too much heat and we move it. Refrigerators take heat
away from the food inside. Air conditioners take heat from inside the house
and move it outside. Swimming pools take heat from our bodies.

HEAT IS THE MOTION OF MOLECULES
What is heat? Scientists say it is the kinetic energy in a
substance. Kinetic energy is the energy of motion. Heat
is the motion of the molecules in a substance, not the
motion of the substance itself.
Everything is made of atoms. Atoms bond together to
form molecules. Molecules are the building blocks of
substances. Water is a substance. Have you ever heard
water called H-2-O (H2O)? That means a molecule of water
has two hydrogen (H) atoms and one oxygen (O) atom.
Even though we can’t see them, the molecules in
substances are never still. They are always moving. That
motion is the kinetic energy called heat.

MOLECULES VIBRATE, SPIN, AND MOVE
The molecules in solids—like rocks, wood, or ice—cannot move much at all. They are held in one
position and cannot flow through the substance. They do move back and forth in their positions.
They vibrate. The more heat they have, the faster they vibrate.
Liquids and gases are called fluids. The molecules in fluids move more freely than in solids. They
flow through the fluids. The more heat fluids have, the faster their molecules move.
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What happens when you heat an ice cube? Ice is a
solid. A solid has a definite shape. Its molecules
vibrate in one position. When you add heat, the
molecules vibrate faster and faster. They push against
each other with more force.
Finally, they break the bonds that hold them in one
position. They become a liquid—water. The molecules
begin to move and spin. They are still bonded together,
but not so tightly.
A liquid flows to take the shape of its container. It has
a definite volume, but can take any shape. Volume is
the amount of space a fluid occupies.
If you add more heat energy to the molecules, they
move faster and faster. They crash into each other
and move away. Finally, they break the bonds that
hold them together. They become a gas—steam. A
gas does not have a definite shape or volume. It
spreads out and fills whatever space it is in.

HEAT SEEKS BALANCE
Everything in nature seeks balance. Heat seeks
balance, too. Heat flows from hotter places to colder
places and from hotter substances to colder
substances. What happens if you pour hot water into a
cold tub? The molecules of hot water have more energy.
They move fast. They crash into the colder molecules
and give them some of their energy.
The molecules of hot water slow down. The molecules of cold water move more quickly. The cold
water gets warmer. The hot water gets cooler. Soon all the water is the same temperature. All the
water molecules are moving at the same speed. The heat in the water is in balance.

If heat energy did not move, this man would not
have a very good time taking a bath. Thanks to
balance, all of the water in the tub should be the
same temperature in a short time.
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HEAT ENERGY MOVES
Heat energy is always on the move. It moves to seek balance.
Heat can move in many ways. When a hot object touches a cold
object, some of the heat energy flows to the cold object. This is
called conduction. Conduction is the way heat energy moves in
solids.
When we cook food in a pan on an electric stove, we use
conduction. The heating element on the stove is hot. The pan is
cold. Some of the heat from the heating element flows to the
pan. The heat from the pan flows to the food inside. The heat
moves by conduction.

HEAT MOVES BY CONDUCTION IN SOLIDS
How does the heat move? Let’s think about it. All solids are made of molecules. The molecules in
solids vibrate. The more energy they have, the faster they vibrate. In a hot object, the molecules
vibrate fast. The molecules in a cold object vibrate more slowly.
Let’s touch a hot object to a cold object. The fast-moving molecules in the hot object push against
the slow-moving molecules in the cold object. The fast molecules give up some energy to the slower
moving molecules. The vibration of the fast molecules slows down.
The molecules in the cold object gain some energy from the hot object. They vibrate faster. The cold
object gets warmer. The hot object gets cooler. The energy in the molecules is seeking balance.
When the energy is in balance, all the molecules vibrate at the same speed.
Look at the picture at the bottom of the page. The flame adds heat to the tripod. The tripod gets
very hot. The metal rod touches the tripod. The molecules in the tripod vibrate against the molecules
in the end of the rod. The molecules in that end of the rod vibrate faster.

Now one end of the rod has more energy
than the other end. What happens? The
hotter molecules transfer some of their
energy to the cooler molecules. The
molecules in the rod conduct the heat from
the hotter end to the cooler end. The heat
moves from the tripod to the end of the rod
touching it, then through the rod.
The energy flows from molecule to molecule
as they vibrate against each other. Heat is
moving by conduction.

PAGE 6

EnergyWorks Student

©2009

THE NEED PROJECT • P.O. BOX 10101 • MANASSAS, VA 20108 • 1-800-875-5029

CONDUCTORS AND INSULATORS
In some materials, heat flows easily from molecule to
molecule. These materials are called conductors. They
conduct––or move––heat energy well.
Look at the picture with the metal rod and the tripod. You
would not hold the metal rod with your bare hand. You
would get burned. The metal would conduct the heat to
your hand. Metals are good conductors of heat.
If you touched a wooden pencil to the tripod, would it conduct
heat as well as the metal rod? No. Wood is not a good
conductor of heat. Materials that don’t conduct heat well
are called insulators.
The molecules in good conductors are close together. There
is very little space between them. When they vibrate, they
push against the molecules near them. The energy flows
between them easily.
The molecules in insulators are not so close together. It is harder for energy to flow from one
molecule to another in insulators.
Look at the objects below. The pot, the spoon and the fork are made of metal. The pot and the
spoon have plastic handles. The fork has a wooden handle. The dish is made of glass. The oven
mitt is made of cotton fabric.
Which materials are the insulators? The insulators are the materials that don’t move heat. They
protect us from heat. Our experience tells us that wood, plastic, and cotton are all good insulators.
Metals are good conductors. The metal part of the pan moves heat to the food inside to cook the
food. The plastic handle protects our hands. The wooden handle and cotton glove protect our hands,
too.
What about glass? It is not a good conductor or a good insulator.
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MOVEMENT OF HEAT IN FLUIDS
Fluids are liquids and gases. Heat also moves in fluids. Heat doesn’t move by conduction. In fluids,
the molecules are too far apart to conduct energy as they vibrate. The molecules in fluids are free to
move and spin. As they move, they bounce against each other. The molecules with more energy give
up some energy. The molecules with less energy gain some.
Heat energy in liquids and gases moves in currents by convection.
If we heat water on a stove, the water
molecules begin to move and flow faster.
The molecules near the flame have more
energy. They push against each other and
move farther apart.
The water at the top of the pan is cooler.
Its molecules don’t have as much energy.
They are closer together than the
molecules of hot water. They are denser.
The cooler, denser molecules flow down.
The warmer, less dense molecules rise up.
They form currents of flowing molecules.
During this motion, the hotter molecules
transfer energy to the cooler molecules.
This transfer of heat through the motion
of currents is called convection.

Heat also moves by convection in gases. Air is the
gas you know best. I’m sure you’ve noticed that
the top floor of a building is warmer than the
basement. The air near the ceiling is warmer than
the air near the floor.
The molecules of gases are like molecules in liquids.
The more energy they have, the farther apart they
are. In a room, the cooler, denser air flows down.
The warmer, lighter air rises. A current of flowing air
is formed.
The warmer molecules give up energy as they bounce
against cooler molecules. They give up some energy,
become cooler and flow down again. The heat is
transferred by convection.
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WIND IS A CONVECTION CURRENT
Heat moves all the time––all over the world.
Even the wind is energy in motion.
When the sun shines on the earth, the land
gets warmer than the oceans. Land can absorb
more energy from the sun than water. It
changes the radiant energy into heat.
This makes the air over the land warmer than
the air over the ocean. The warm air rises.
The cooler air over the ocean flows in to take
its place. The air flows in currents. The heat in
the air is transferred by convection. This moving
air is the wind.

The ocean is a fluid similar to air. Ocean waters have currents, too. The water near the equator is
warmed by the sun. The water near the poles is cold. The warm water rises to the surface. The cold
water flows in to take its place. Ocean currents are formed by convection.

ENERGY MOVES BY RADIATION
Most of the earth’s energy comes from the
sun. Every day, the sun gives off a lot of energy.
It comes from the sun in rays or waves. It is
called radiant energy.
Energy does not travel from the sun as heat.
Heat must move from molecule to molecule
and there are no molecules in space. Solar
energy travels in rays or waves as radiant
energy.
When the radiant energy reaches the earth, it
hits molecules in the air, in the ocean, and on
land. It hits our bodies. The molecules turn
some of the radiant energy into heat.
The energy from the sun that we can see is
visible light. Other kinds of radiant energy are
ultraviolet rays, infrared radiation, and
microwaves. Infrared radiation produces most
of the heat on the earth.
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HEAT AND TEMPERATURE
Heat and temperature are different things. Two cups of boiling water would have twice as much heat
as one cup of boiling water, but the water would be at the same temperature.
A giant iceberg would have more heat energy than a cup of boiling water, even
though its temperature is lower. It would have more heat energy because it is so
big.
Heat is the total amount of kinetic energy in a substance. Temperature is a
measure of the average kinetic energy of the molecules in a substance.
Temperature is also called a measure of the hotness or coldness of a substance.
Think about a pan in a hot oven. The pan and the air in the oven are the same temperature. You can
put your hand into the oven without getting burned. You can’t touch the pan. The pan has more heat
energy than the air, even though it is the same temperature. The pan can transfer heat at a faster
rate to your hand. The air is a better insulator than the pan.

WE CAN MEASURE TEMPERATURE
We use thermometers to measure temperature.
Thermometers can measure temperature using different
scales. In the United States, we usually use the
Fahrenheit (F) scale in our daily lives. Scientists usually
use the Celsius (C) scale, as do people in most other
countries.
On the Fahrenheit scale, the boiling point of water is 212
degrees. The freezing point of water is 32 degrees. On
the Celsius scale, the boiling point of water is 100
degrees. The freezing point of water is 0 degrees.

THERMOMETERS
There are many kinds of thermometers. Some have
only one scale. Others have both Celsius and Fahrenheit
scales.
The thermometer on the left shows both scales. It is a
long glass tube filled with colored alcohol. The alcohol
expands––gets bigger––when it has more heat energy.
It contracts––gets smaller––when it has less heat energy.
The thermometer on the right is digital. It does not have
alcohol in it. It has a tiny computer chip and a battery.
By pushing a button, it can measure the temperature on
either the Fahrenheit or Celsius scale.
PAGE 10
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EXPANSION AND CONTRACTION
Why does the alcohol in a thermometer expand and
contract? The alcohol is a liquid. Its molecules move
and spin. When heat energy is added, its molecules
move faster. They push apart from each other. The
space between the molecules gets bigger. The alcohol
in the tube expands.
The molecules don’t get bigger, the space between them
does. When heat energy is taken away, the molecules
slow down. They move closer together. The alcohol
contracts. The molecules don’t get smaller––the space
between them does.

SOLIDS, LIQUIDS, AND GASES
All substances expand when they are heated. Some expand a little; some expand a lot. They all
expand at different rates.
Solids expand a little when they are heated. The molecules in solids have strong bonds. They are
held tightly in one position. They cannot move around––they can only vibrate. When heat energy is
added, they vibrate faster. They push against each other with more energy. The space between them
gets a little bigger. But they are still held in position.
Have you ever seen doors that are hard to open in the summer? They have expanded because of the
heat. Sidewalks are made with cracks so that the concrete can expand in the summer heat. Without
the cracks, the sidewalks would swell and break. Bridges have spaces, too.
The molecules in liquids are held together, but not in one position. They are free to spin and move
around each other. When heat energy is added to liquids, they expand more than solids. The bonds
that hold them together are not as strong. They can push away from each other.
There is a lot of space between the molecules of gases. The bonds that hold them together are very
weak. When heat energy is added to gases, they expand a lot. Sometimes they break the bonds
completely, and float away from each other.
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KEY WORDS––HEAT
Directions: Use each key word in one sentence below.

molecules
conduction
insulator

solid
convection
temperature

liquid
radiation
expand

gas
conductor
contracts

kinetic energy
freezing point
boiling point

1. ____________________________ is the energy of motion.
2. Heat energy moving in currents is called __________________________ .
3. The molecules move fast and far apart in a(n) _________________________ .
4. The temperature at which a liquid turns into a gas is called its ______________________ .
5. Adding heat to a substance makes it get bigger or __________________________ .
6. _______________________ is the average kinetic energy of the molecules in a substance.
7. Energy from the sun moving in waves or rays is called _________________________ .
8. The molecules of a(n) _______________________ vibrate in one position. They can’t spin.
9. A substance that doesn’t conduct heat well is called a(n) ______________________ .
10. Heat energy moving between two touching objects is called ____________________ .
11. The temperature at which a liquid turns into a solid is called its ______________________ .
12. The building blocks of substances are called _____________________ .
13. When a substance gets smaller as it loses heat energy, it ________________________ .
14. A substance that moves heat energy well is called a(n) __________________________ .
15. The molecules flow and vibrate close together in a(n) ___________________________ .
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LIGHT and ENERGY
We use light energy every day.
Without light, our lives would be very different.
Close your eyes and think about a world without light.
We use light energy for more than seeing.
The energy in light helps plants grow.
Doctors use special light to help in surgery.
We can also use light to make products and electricity.

LIGHT IS ENERGY IN WAVES
What is light? Light is energy that travels in waves. All the energy we get from the sun travels in
waves. Some of that energy is in light waves we can see––it is visible light. Some is in waves we
can’t see. We can’t see infrared waves, but they can warm us when they touch our skin. We can’t
see ultraviolet waves, but they can burn our skin.
Some waves of energy––like radio waves––are very long. Radio waves can be a mile long. Other
waves are very short––like light waves and x-rays. There are about 50,000 light waves in an inch.

We measure waves by the distance from the top, or crest, of one wave to the top of the next. This
distance is called its wavelength. The shorter the wavelength, the more energy the wave has.

crest
wavelength

trough
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LIGHT WAVES TRAVEL IN STRAIGHT LINES
Light waves travel in straight lines. They do not change
direction unless they are reflected or refracted.
When light from the sun hits a tree, it cannot pass through
it. It cannot go around the tree. The light is reflected and
absorbed by the tree. An area without light is made––a
shadow.
Early Egyptians understood shadows. They knew the sun
travels the same path in the sky everyday. They knew that
shadows change as the sun moves across the sky. They
used this knowledge to develop a tool to tell time––a
sundial. They placed a stick in the ground. The position
and length of the stick’s shadow told the people the time.

AN ECLIPSE IS A SHADOW
Sometimes the moon moves between the earth and the sun. The sun’s light cannot pass through
the moon to reach the earth. A large shadow covers the earth. This is called an eclipse.
During an eclipse, some parts of the earth get no light at all. They become as dark as night. This
area is called the umbra. Some parts of the Earth get some light. They are in part shadow, part light.
This area is called the penumbra.

WHEN LIGHT WAVES HIT SUBSTANCES
Light waves travel in a straight line. When light waves hit something, three things can happen. The
light can travel through a substance and bend––be refracted. Light passing through transparent
substances like water is bent, or refracted.
Light waves can enter a substance and be absorbed. Plants absorb some light waves and convert
them into sugars. Light waves can also bounce off a substance––be reflected. A mirror reflects
light waves. Many substances absorb some light waves and reflect others.
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LIGHT HAS MANY WAVELENGTHS
Visible light––the wave energy we can see––is made of many colors. Every color has a different
wavelength. The longest wavelengths are reds. The medium wavelengths are yellows. The shortest
wavelengths are violets. All of the colors mixed together make white light.

A PRISM SEPARATES LIGHT WAVES
A prism is a piece of clear glass or plastic that
bends light waves as they pass through it. A
prism is often shaped like a triangle.
A prism can separate visible light into its
different wavelengths. It can separate all of the
colors that make up white light.
A prism bends––or refracts––light waves. The
wavelengths of each color bend at a different
angle. The light that goes into the prism spreads
out as it leaves the prism.
Have you ever seen a rainbow? Rainbows are
formed when the sun shines while it is raining.
Drops of rain act like tiny prisms to bend the
sunlight. The raindrops separate the light waves
into colors.
Water refracts light waves, too. Light can pass through water, but it bends as it goes through. Have
you ever noticed that things look different in the bathtub or swimming pool? The water is bending
the light. The light waves are refracted as they pass through the water.

WE CAN BEND LIGHT WITH A LENS
We can use pieces of glass in different shapes––called lenses––to bend light.
A convex lens is thicker in the
middle than on the ends. It bends
light waves toward a point. A
convex lens can make objects look
larger.
A concave lens is thinner in the
middle than on the ends. It
spreads out light waves that pass
through it. A concave lens can
make objects look smaller.
PAGE 24
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WE USE LENSES EVERY DAY TO REFRACT LIGHT
The human eye has a convex lens. The eye sees light waves bouncing off an object. The lens in
the eye refracts the light waves as they pass through it. The light waves hit the retina in the back of
the eye. The light waves make an image of the object on the retina. The image on the retina is
upside down. When we are babies, our brains quickly learn to turn the images around. Otherwise,
everything would look upside down.
If our eyes are not the right shape,
we cannot see clearly. The image
does not focus on the retina. It is
blurry.
We can use lenses in eye glasses to
help us see better. The lenses refract
the light waves so that they focus the
image on the retina. Contact lenses
do the same thing.

A magnifying glass is a convex lens with a handle. Telescopes and microscopes
have convex lenses, too. They can make small objects look larger or distant
objects appear closer.
The picture on the bottom of the page shows how a convex lens works. Light
waves bounce off an object and bend as they pass through the lens. The eye
sees the larger image shown by the dotted lines.
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LIGHT WAVES CAN BE REFLECTED
How do we see things? We see the light waves that
bounce off things––the light that is reflected by
substances. When you look at your teacher, you are really
seeing reflected light waves. Think about it. When there
are no light waves, you can’t see anything.
When you look in the mirror, the image you see is made
by light waves. Light from all around you bounces off of
you. Some of the light waves travel toward the mirror.
The mirror reflects the light waves. Some of the light
waves from the mirror travel toward your eyes. Your eyes
see these reflected light waves.

REFLECTION OF LIGHT IS PREDICTABLE
Light waves don’t just bounce around. They are reflected at angles we can predict. The reflection of
light is a lot like bouncing a round ball on a smooth surface. If you drop the ball straight down, it will
bounce straight back up. If you bounce the ball away from you, it will continue to move away from
you in a straight line. It won’t bounce to the left or right, or back toward you. It bounces away at the
same angle you throw it.
Light waves reflects in the same way. Light waves travel in straight lines. When a light wave hits an
object and reflects, it will reflect in a straight line. If the light wave hits an object at an angle, it will
reflect at the same angle.
Look at the picture below. The light wave is traveling toward the mirror at an angle––labelled Angle A.
When the light wave hits the mirror, it reflects at an angle––labelled Angle B. Both angles are the
same. Angle A equals Angle B.
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LIGHT WAVES CAN BE ABSORBED
We know that light waves can pass through a
substance and bend––be refracted. Water and
prisms refract light waves.
We also know that light waves can hit something
and be reflected. We can see objects only because
light waves are reflected off the objects and into
our eyes.
Light waves can also enter a substance and change
into other forms of energy. The light energy can be
absorbed by the substance. When we are in the
sun, some of the light waves enter our skin and
turn into heat. Our bodies absorb some of the light
waves.
Have you heard that dark colored clothes make you
hotter in the sun? That’s because dark colors absorb
light waves and light colors reflect them.

BLACK AND WHITE
Most substances reflect some light waves and absorb others. That’s why we see colors! Visible
light is made of every color. Every color has a different wavelength.
When a substance absorbs all wavelengths of visible light, the substance looks black. No light
waves are reflected to reach our eyes. The light waves––which are waves of energy––enter the
substance. The substance changes the light energy to other forms of energy. When a substance
reflects all wavelengths of visible light, the substance looks white.

©2009

THE NEED PROJECT • P.O. BOX 10101 • MANASSAS, VA 20108 • 1-800-875-5029

EnergyWorks Student PAGE 27

SEEING COLORS
We see many colors because most substances absorb some wavelengths of light and reflect others.
We see the colors that are reflected by the substances. A rose looks red because it is reflecting the
red light waves and absorbing the oranges, yellows, greens, blues, and violets.
A blue bird looks blue because it is reflecting blue light waves and absorbing the others. The dirt
looks brown because it is reflecting several light waves that together look brown, and absorbing
other light waves.

USING LIGHT ENERGY
We use light energy every day to see. We use it in many other ways, too.
The leaves of plants reflect green light waves and absorb others. The energy they absorb is used by
the plants to make sugars. These sugars feed the plants and the plants we eat give energy to us.
All the energy we get to move and grow comes from plants.
We can use the energy in light to make heat in many ways. We can color things black to absorb the
light waves. We can use mirrors to reflect many light waves onto an object that absorbs them and
turns them into heat. We can use this heat to warm houses and water or to cook food.
We can also use light energy to make electricity. Solar cells can absorb light waves and turn the
energy into electricity.
PAGE 28
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KEY WORDS––LIGHT
Directions: Use each key word in one sentence below.

light energy
refracted light
convex lens

wavelength
reflected light
angle

visible light
absorbed light
protractor

shadow
prism
image

eclipse
concave lens
degrees

1. A lens that can make objects look bigger is called a(n) __________________________ .
2. A tool that measures angles is a(n) ____________________________ .
3. A(n) ______________________ can separate visible light into colors.
4. A(n) ______________________ makes objects look smaller.
5. The distance from the top of one wave to the top of the next is its ___________________ .
6. Light waves we can see are ___________________________ .
7. Energy that travels in transverse waves is _________________________ .
8. Light that bends as it travels through a substance is _________________________ .
9. Light that bounces off an object or substance is _____________________________ .
10. How an object appears to our eyes is called its _______________________ .
11. Light that enters a substance and transfers its energy is __________________________ .
12. A(n) _________________________ is an area that light waves don’t reach.
13. A(n) ________________________ is a shadow of the moon that darkens the earth.
14. A circle is divided into 360 ______________________ .
15. Light waves are reflected at the same ____________________ they hit a surface.
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MOTION and ENERGY
Look around you. Many things are moving. They are in motion. Clouds drift across the sky. Leaves
fall from trees. A car speeds by. Birds fly. Hearts pound. Bells ring. Babies cry. Plants grow and so
do you. The earth moves, the air moves, and so does every living thing.
All of this motion takes energy. Nothing can move without energy. Cars get their energy from
gasoline. The clouds move because of energy in the wind. The wind gets its energy from the sun.
So do growing plants. All of your energy comes from the sun, too.

KINETIC AND POTENTIAL ENERGY
The energy of motion is called kinetic energy. All moving objects have kinetic energy. Many objects
also have energy because of the place they are in––their position. The energy of place or position is
called potential energy.
A rock on the top of a hill has energy. It is not
moving––it has no kinetic energy. But it has
energy because of its position on the hill. It has
potential energy.
If the rock begins to roll down the hill, its energy
changes. The potential energy changes into
kinetic energy as it rolls. When the rock stops
rolling at the bottom of the hill, it has no more
kinetic or potential energy.

POTENTIAL ENERGY IS STORED ENERGY
Potential energy is also energy that is stored in an object. When you blow up a balloon, you are
putting air into it. You are also putting energy into it––potential energy.
If you tie the balloon and place it on
the floor, it will not move. It has no
kinetic energy. But it has potential
energy––stored energy.
If you untie the balloon, the stored
energy is released. The air rushes
out in one direction. The balloon
moves in the other direction.
The potential energy stored in the
balloon changes to kinetic energy––
the energy of motion.
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NEWTON’S LAWS OF MOTION
Objects move in orderly ways that we can predict. They move according to laws of motion that were
developed by Sir Isaac Newton and are called Newton’s Laws of Motion.

INERTIA
Newton’s first law is about inertia. It says that a moving object will keep
moving until a force changes its motion. A force is a push or a pull. A force
adds energy to an object.
Inertia means that an object at rest––not moving––will stay that way until a
force moves it. A moving object will keep moving in the same direction at
the same speed until a force changes its motion.
The first part of the law is easy to understand––an object at rest will remain
at rest. An object that is not moving will not start moving by itself. If we
see an object start to move, we always look to see what force is moving it.
If we don’t see a force, we might get nervous.
The second part of the law is harder to understand––an object in motion
will remain in motion until a force changes its motion. On the earth, we
never see an object stay in motion forever.
If we throw a ball into the air, it doesn’t keep going––it falls to the ground. If we roll a ball down the
street, it stops after a while. Nothing on the earth stays in motion forever. Does this mean that
Newton’s Law is wrong? Or is there an invisible force acting on the ball?

GRAVITY
There is a force that changes the motion of all moving objects on the earth. It is the force of gravity.
Gravity is the force of attraction between all objects. The more matter an object has, the greater the
force of gravity upon it. The amount of matter an object has is called its mass. Mass is measured
in grams and kilograms.
The earth is large. It has a lot of mass. Its force of gravity pulls the objects on the earth toward it.
Gravity holds us to the earth. The sun has a huge mass. The force of attraction between the sun and
the planets keeps the planets in orbit around the sun.
The earth has more mass than the moon. The
earth has a stronger force of gravity. The force
of attraction between the two keeps the moon
in orbit around the Earth.
Your body would have the same mass on the
earth and the moon. But you would weigh more
on the earth. Weight is a measure of the force
of gravity on an object.
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FRICTION CHANGES THE MOTION OF OBJECTS
Another force that acts on objects is friction. Friction is the force that slows the motion of objects
that are rubbing together. When a ball flies through the air, it comes into contact with air molecules.
The air molecules and the molecules on the surface of the ball rub against each other. Some of the
kinetic energy in the ball changes into heat. The ball doesn’t have as much energy. It slows down.
Rub your hands together. Feel how the kinetic energy in your hands turns into heat. Some energy
turns into sound, too.
If you roll a ball on a wood floor, it will roll a long way. There is not much friction between the ball and
the floor. If you roll the same ball with the same force on a carpet, it won’t roll nearly as far. The ball
sinks down into the carpet. More molecules of the carpet and the ball are touching each other. There
is more friction between the ball and the carpet. More of the kinetic energy in the ball is turning into
heat.

NEWTON’S SECOND LAW OF MOTION
Newton’s second law explains how the motion of an object will change when a
force is applied. If an object is moving, a force will speed it up, slow it down, or
change its direction. The law explains that an object will always move in a
predictable way according to the mass of the object and its acceleration. The
heavier an object is, the more force required to move it.
Newton’s Second Law states that FORCE = MASS X ACCELERATION (F = ma).
Force is defined as a push or pull––the energy it takes to do work or make a
change, mass is defined as the amount of matter in an object and acceleration
is defined as the rate at which an object’s speed changes over time.
If a soccer ball is not moving and you give it a hard kick, it will roll in the direction
you kick it––in the direction of the force. If you kick it again in the same direction,
you increase the force and the ball goes faster.
Look at the picture below. If the girl pulls the wagon by herself, she applies a certain amount of force
to pull it at a constant speed. If the boy pushes from behind, force is added to the wagon. The mass
of the wagon doesn’t change, so its acceleration increases. When mass remains constant, force
and acceleration are directly proportional––as the force increases, the acceleration increases.
If, on the other hand, the boy jumps into the wagon,
the mass of the wagon increases. If the force
remains the same, the acceleration decreases––
the speed of the wagon slows. To maintain the same
speed, the girl must increase the amount of force
she applies to pulling the wagon.
When force remains constant, mass is inversely
proportional to acceleration––as mass increases,
acceleration decreases.
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NEWTON’S THIRD LAW OF MOTION
Newton’s third law states that for every action, there is an
equal and opposite reaction. If an object is pushed or pulled,
it will push or pull with equal force in the opposite direction.
When you walk, you apply a force to the ground. The ground
applies an equal and opposite force against you. It holds you
up. If the ground didn’t apply as much force, you would sink
into the ground. If the ground applied more force, you would
be pushed into the air.
Here’s another way to think about it. Forces are always found
in pairs. If you apply a force to an object, the object applies a
force to you.
Look at the skaters. If one skater pushes against the other, what happens? Both skaters move
backwards. When one skater applies a force, there is an equal force applied by the other skater. If
both skaters weigh the same, they will both move the same distance. If one skater weighs more,
the other skater will move farther. It takes more force to move a heavy object than a light one. It
takes more force to move an object a long distance than a short distance.
A squid moving through the water is another example of Newton’s third law. The squid takes in water
and applies a force to push it out behind it. The water exerts a force pushing the squid forward. The
forces are equal and opposite. The water moves in one direction, the squid moves in the other.

WE CAN MEASURE FORCE
We measure force in pounds or
newtons. We think of pounds as a
measure of weight. It is, of course.
Weight is really the same thing as
force. How much something weighs
is the amount of force that gravity
applies to an object.
Your body would have the same
amount of mass anywhere in the
universe, but you wouldn’t weigh the
same. The force of gravity on the moon
would be much less than on the earth.
We can use scales to measure force
in pounds (lb.) or newtons (N). One
pound equals almost four and a half
newtons. A sixty pound child would
weigh 267 newtons.
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CHANGING MOTION
Newton’s Laws explain force moving in straight lines.
We can change force into a circular motion.

CIRCULAR MOTION

If you swing a yoyo in a circle, then let go of the
string, what happens? It doesn’t continue in a
circular motion, does it? It moves away in a straight
line. The force from your hand is pushing the yoyo
away from you in a straight line. The force of the
string on the yoyo holds the yoyo at a constant
distance from your hand.
This force is called centripetal force. Centripetal
means toward the center. When you let go of the
string, the centripetal force is gone. The yoyo moves
away from your hand. It moves away in a straight
line.

A PENDULUM MOVES BACK AND FORTH––IT VIBRATES
A swing is a pendulum. It changes force into a circular motion, too. The force of gravity pulls the
swing straight down. The force in the swing is toward the top bar where it is attached.
A pendulum is any hanging object that is free to swing. The movement of a pendulum is back and
forth, back and forth. One back and forth motion is called a vibration.
The vibrations of a pendulum are measured in two ways. They are measured by the size of the
vibration and the time it takes for one vibration. The size of the vibration from one side to the other is
called its amplitude. The time it takes for one vibration is called its period.
The amplitude of a pedulum
depends on the amount of force
or energy that is used to begin
the motion. The amplitude
decreases as friction with the
air changes some of the energy
into heat.
The period of a pendulum
depends on its length. The
longer the length of the
pendulum, the longer it takes
for it to complete one vibration.
The weight of the pendulum
doesn’t affect its period.
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KEY WORDS––MOTION
Directions:

Use each key word in one of the sentences below.

potential energy
kinetic energy
centripetal force

inertia
weight
pendulum

mass
force
vibration

newton
friction
period

gravity
kilogram
amplitude

1. The force of attraction between two objects is called __________________________ .
2. The amount of matter in an object is its ____________________________ .
3. A(n) ______________________ is a measure of weight.
4. A(n) ______________________ is a measure of force.
5. The energy of position is called _____________________________________________ .
6. The force that slows two objects rubbing together is ___________________________ .
7. The energy of motion is called _____________________________________ .
8. The amount of gravity acting on an object is its _________________________ .
9. An object at rest stays at rest because of _____________________________ .
10. A(n) _______________________ is a push or a pull on an object.
11. An object that swings freely back and forth is called a(n) ___________________________ .
12. One back and forth motion of a pendulum is a(n) _________________________________ .
13. In circular motion, the force that acts toward the center is _______________________ .
14. The size of a pendulum’s vibration is called its ____________________________ .
15. The time it takes for one vibration of a pendulum is its ________________________ .
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SOUND and ENERGY
Energy is moving around you all the time––energy in the form of sound waves.
Sound waves are everywhere. Even on the quietest night you can hear sounds.
Close your eyes, hold very still and listen for a moment. How many different
sounds can you hear?

SOUND IS ENERGY MOVING IN WAVES
Sound is a special kind of kinetic, or motion, energy. Sound is energy vibrating through substances.
All sounds are caused by vibrations––the back and forth motion of molecules. The molecules
collide with each other and pass on energy as a moving wave. You can sometimes feel the vibrations
of sound. Place your fingers on your throat as you hum.
Sound waves can travel through gases,
liquids, and solids. The sounds you
hear are usually moving through air.
When a sound wave moves through air,
the air molecules vibrate back and forth
in the same direction as the sound.
The vibrations push the air molecules
close together, then pull them apart.
These waves are called longitudinal
waves. Longitudinal waves move in the
same direction as the force making
them.
The part of a longitudinal wave in which the molecules are squeezed together is called a compression.
The molecules are compressed, or squeezed together into a smaller space.
The part of a longitudinal wave in which the molecules are pulled apart is called a rarefaction. There
are the same number of molecules as in a compression, but they are farther apart.

TRANSVERSE WAVES
Energy also travels in other kinds of waves. When you
throw a stone into water, waves of energy move across
the surface. The waves move away from the place where
the stone hit the water. The water molecules vibrate up
and down, at a right angle to the direction of the waves.
A wave in which the molecules vibrate in one direction
and the wave of energy moves in another is called a
transverse wave.
If you’ve ever been to the ocean, you’ve probably floated on transverse waves. If you go out beyond
the breakers, you can float on the waves without moving closer to shore.
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PRODUCING SOUND
Sounds are all around us. Some sounds are made by nature, such as thunder, the roar of the ocean,
and wind blowing through trees. Some sounds are made by animals and humans to communicate.
Other sounds are just noise––the sounds made by trucks on the highway and big machines. These
sounds are by-products of other tasks. As a truck moves down the road, some of its energy turns
into vibrations, producing noise.
Humans produce sound by forcing air from our lungs past the vocal cords in our throats. The moving
air makes the vocal cords vibrate. By changing the shape of our mouths, the muscle tension on our
vocal cords, and the amount of air, humans can make many different sounds. We can change the
loudness, as well as the pitch, of the sounds we make. The pitch of a sound is how high or low it is.

AMPLITUDE OF SOUND WAVES
The loudness of a sound wave is called
its amplitude. The amplitude of a wave
depends on its size––the height of a wave
from its crest to its trough. The crest is
the highest point of the wave; the trough
is the lowest point. The louder a sound
is, the higher its amplitude. The higher
the amplitude of a sound wave, the more
energy it has.
If you turn up the volume on your radio,
you increase the amplitude of the sound
waves. The frequency of the sound waves
remains the same.
If you push more air past your vocal cords, the sound you make will be louder. You will increase the
amplitude of the sound. You will put more energy into the sound.

FREQUENCY OF SOUND WAVES
The pitch of a sound depends on the wavelength of its vibrations. The number of wavelengths that
pass a point in one second is called the frequency of the wave. The more wavelengths, the higher
the frequency. Objects that vibrate quickly have a high frequency.
Sound waves with a high frequency produce
a high-pitched sound, like a whistle. Sound
waves with a low frequency produce a lowpitched sound, like a tuba.
By changing the muscle tension on our vocal
cords, we can change the frequency of the
sound waves we make. We can change
the pitch of the sounds.
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HEARING SOUND
Sound waves are all around us. Our ears are amazing organs that change sound waves into
electrical signals and send them to our brains. Sound waves enter the ear canal and travel back to
the eardrum. The eardrum is a thin layer of skin that is stretched tightly over the end of the ear
canal, much like the skin of a drum. The sound waves transfer their energy to the eardrum, which
begins to vibrate.
As the eardrum vibrates, it moves a tiny
bone called the hammer back and forth.
The hammer moves against the anvil––
another tiny bone––which vibrates a third
bone called the stirrup. The stirrup
transfers the vibrations to the cochlea,
which is filled with liquid and lined with
hundreds of tiny hairs. The hairs vibrate,
sending signals to the auditory nerve, which
carries the signals to the brain.
Our brains can also tell the direction of the
sound by differences in the amplitude of
the sound and when it reaches the ear. A
sound on the left, for example, will reach
the left eardrum before it reaches the right
one. It will also be louder on the left than on the right.

SOUND CAN MOVE THROUGH LIQUIDS AND SOLIDS
Sound travels faster and farther through liquids than through air. The molecules of liquids are closer
together than the molecules of gases. It is easier for energy to move from one molecule to another
when the molecules are close together. Sound travels best in solids because the molecules are so
close together. Sound travels about five times faster in water than in air, and almost 20 times faster
in steel. In air, sound travels at 1,130 feet per second (343 meters per second). It takes almost five
seconds for sound to travel one mile. In water, it only takes about one second for sound to travel a
mile.
Whales and dolphins use sound to navigate and communicate with each other. Scientists believe
whales sing songs underwater that are heard by other whales hundreds of miles away. The builders
of the underwater tunnel between England and France communicated by tapping signals on the steel
tunnel. The signals traveled quickly to the other end of the tunnel.
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THE MOVEMENT OF SOUND WAVES
Sound waves move through air in a straight
line. When they reach an object, they can be
reflected or absorbed by the object. You have
heard reflected sound waves as echoes.
Hard objects usually reflect sound waves. If
you yell into a cave, the sound waves will
bounce off the walls and produce echoes.
Since the walls are not flat, the sound waves
will scatter, bouncing in many directions.
Bats are blind, but they use sound waves to fly without bumping into
things. They make sounds that bounce off objects. The bats can tell
where the objects are by listening to the reflected sounds. Their hearing
is so good that they can find the insects they eat using sound waves.
Soft objects usually absorb sound waves. People often use carpets
and curtains to absorb sound waves in houses. The insides of cars are
covered with soft materials to absorb noise, too.

MEASURING SOUND
We can measure sound in different ways. We can measure the frequency of a sound––the number
of wavelengths that pass a point in one second. Frequency is measured in Hertz (Hz). One Hertz is
equal to one vibration per second. An object that vibrates 100 times a second has a frequency of
100 Hz. Humans can hear sounds with frequencies from 20–20,000 Hz. The frequency of normal
conversation is about 1,000 Hz, but we can make sounds from about 50 to 10,000 Hz. A dog can
hear frequencies as high as 50,000 Hz, and a bat can hear frequencies up to 120,000 Hz.
We can also measure the amplitude of sound––how loud it
is. The amplitude depends on the amount of energy a sound
wave has. The decibel (dB) is used to measure the amplitude
of sound.
The decibel scale is a multiplier scale. For every 10 decibels
that are added to the sound level, the loudness is multiplied
by 10. This means that increasing the sound by 20 decibels
multiplies the loudness by 10 x 10 = 100 times.
Zero on the decibel scale is the smallest sound that can be
heard by humans. At 130 decibels, the sound level becomes
painful and can damage human ears. For people working in
noisy places, the sound level should not exceed 90 decibels.
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KEY WORDS––SOUND
Directions:

Use each key word in one of the sentences below.

sound wave
crest
eardrum

compression
trough
echo

rarefaction
frequency
Hertz

amplitude
pitch
decibels

longitudinal
transverse
auditory nerve

1. The lowest point of a wave is a(n) __________________________ .
2. The number of vibrations in one second is the ____________________________ of a wave.
3. The _______________________ of a wave depends on the amount of energy it has.
4. A(n) ________________________________ is energy moving through a substance in a wave.
5. A(n) ___________________ is reflected sound waves.
6. The _____________________________ carries sound signals to the brain.
7. The amplitude of a sound is measured in ________________________________ .
8. The frequency of a sound wave is measured in _________________________ .
9. The _______________________ is how high or low a sound is.
10. The tight layer of skin that vibrates when sound waves hit is a(n) ______________________ .
11. The part of a wave in which molecules are squeezed together is a(n) ____________________ .
12. The top point of a wave is its _______________________ .
13. The part of a wave in which the molecules are pulled apart is a(n) ______________________ .
14. In a(n) _____________________ wave, the vibrations move in the same direction as the wave.
15. The vibrations are right angles to the direction of the wave in a(n) __________________ wave.
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GROWTH and ENERGY
Every living thing is growing all the time. Sometimes they
grow bigger. Sometimes they do not get bigger, but they
still grow. They grow new cells to replace old ones.
It takes energy to grow—chemical energy stored in simple
sugars. The energy to make these sugars comes from light
energy. Most of this light energy comes from the sun.

PHOTOSYNTHESIS
Plant cells have a special chemical called
chlorophyll. The chlorophyll absorbs light
energy. The electrons in the chlorophyll become
very energized. During photosynthesis, these
energized electrons cause a chemical reaction.
During a chemical reaction, one or more
substances change into other substances. In
photosynthesis, carbon dioxide from the air and
water from the soil are turned into oxygen and
glucose. Plants use the energy they have
absorbed from the sun to make oxygen and
glucose.
Glucose is a simple sugar that plants and
animals use for food. The glucose is stored in
the plants’ cells. It is this chemical energy that
fuels every living thing. Plants are called
producers because they produce food.
The plants use some of the glucose they make
to grow and reproduce, but they make much
more than they need. The rest of the glucose
is stored in their cells as chemical energy.
Animals and people need oxygen to live. They
breathe in the oxygen made by plants during
photosynthesis. They make carbon dioxide
when they breathe out. It is an amazing cycle:
plants use carbon dioxide and make oxygen;
animals use oxygen and make carbon dioxide.
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ANIMALS GET THEIR ENERGY FROM PLANTS
Animals do not have chlorophyll. Their bodies cannot make glucose
using light energy. They must get their energy from plants. Animals
are called consumers because they consume other organisms and
food made by plants.
Animals that eat plants are called herbivores. Herbivores eat plants
and absorb the glucose into their cells. They use the glucose to move
and grow. They store the glucose in their cells as chemical energy.

CARNIVORES EAT OTHER ANIMALS
Some animals do not eat plants; they eat other animals. Animals
that eat only animals are called carnivores.
Carnivores get their energy from the animals they eat. Chemical
energy is stored in the muscles and fat of animals. The energy in
the bodies of every animal originally came from plants. Animals
use this energy to move and grow.
A lion is a carnivore. It eats other animals, but it doesn’t eat
plants. The gazelle that a lion eats is a herbivore. The gazelle
eats plants and absorbs the glucose into its cells.

OMNIVORES EAT PLANTS AND ANIMALS
Many animals eat both plants and animals. Animals that eat plants and
animals are call omnivores. Omni means all. Most human beings are
omnivores. We eat bread that is made from wheat or corn––plants. We eat
eggs that come from chickens. We eat hamburgers made from cows, with
lettuce, pickles, and ketchup that come from plants. A pizza with cheese,
pepperoni, sausage, peppers, mushrooms, and tomato sauce is a favorite
American omnivore meal.

THE FOOD CHAIN
The movement of energy from plants through animals is called the food chain. Light energy is used
by plants to make glucose. The plants use some of the glucose to grow. The animals that eat the
plants use some of the glucose to grow. They store the energy in their cells. Animals that eat
animals use the energy stored in their cells to grow.

Carnivore
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KEY WORDS––GROWTH
Directions: Use each key word in one of the sentences below.
chemical energy
photosynthesis

glucose
oxygen

carnivore
producer

consumer
herbivore

omnivore
growth

food chain
carbon dioxide

1. Using energy to produce new cells is called _______________________ .
2. The simple sugar produced by plants during photosynthesis is _______________________ .
3. The flow of energy through plants and animals is called the _____________________ .
4. An animal that eats other animals is called a(n) _______________________ .
5. The energy in the cells of animals is stored as ______________________________________ .
6. An organism that produces food is a(n) _________________________ .
7. An animal that eats only plants is called a(n) _________________________ .
8. Plants convert light energy into chemical energy during ___________________________ .
9. An organism that consumes food produced by other organisms is a(n) _________________ .
10. A person who eats meats and grains would be an ___________________________ .
11. In photosynthesis, plants change water and ____________________________________ into
glucose and ______________________________ .

Directions: Label the animals as herbivores, carnivores, or omnivores.
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TECHNOLOGY and ENERGY
We live in a world that is changing very quickly. In 100 years, we have gone from Model Ts to
spaceships, telegrams to e-mails. We zap our food in a microwave and watch a game being played
1,000 miles away on the TV. We talk to people on the other side of the world and they sound as if
they are next door. Assembly lines manufacture hundreds of identical products in one day.
Technology is the science of making and using things. It is how we
turn the natural materials in the world into tools and machines to help
us live. When early people learned how to use fire, they were able to
make tools and pottery. As time went on, people learned more about
the natural world and how it functions.
In the last few hundred years, people have learned a lot about why
substances and machines act the way they do. We have learned about
atoms and molecules. We have learned about friction and gravity. We
have learned about the laws of motion. We have used this knowledge
to improve old machines and build new ones.

ELECTRICITY POWERS MODERN TECHNOLOGY
The discovery of electricity and how to use it has led to some of the biggest changes in history.
Electricity is the flow of electrons. We use it to produce heat, light, sound, and motion. And we use
it to operate electronic machines.
Electronics is the use of devices to control the flow of electricity. The key to electronics
is the transistor, which was invented in 1947. A transistor is a switch that controls
electrons. It changes the pattern of the electrons. The invention of the transistor
paved the way for the first televisions and simple computers.
In 1967, scientists discovered a way to have many tiny transistors work together in a
microchip. The microchip is the key to modern electronics. A microchip the size of
your hand can contain more than a million transistors. These transistors control each
other and perform complex tasks in modern machines.
Coffee makers, VCRs, and microwaves have microchips that run
timers. Cars have microchips to control many of their systems. The
microchips in computers perform millions of tasks, such as turning
numbers into pictures and storing data.
Every year, we use electronic technology to perform more tasks. Each
year, we use more electricity to power these machines. Energy experts
predict that more of the energy we use every year will be in the form
of electricity.
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KEY WORDS––TECHNOLOGY
Directions:

Use each key word in one of the sentences below.
Answer the questions at the bottom of the page.

technology

electricity

electronics

transistors

microchips

1. ___________________ uses electricity to control more electricity to do work for us.
2. A(n) _________________________ is a switch that changes the pattern of electrons.
3. The science of using natural materials to help us in our lives is _______________________ .
4. Many tiny transistors linked together to control electrons is a(n) ______________________ .
5. The movement of electrons is a form of energy called ______________________ .
6. What electronic technology do you think has changed the world the most? Why?

7. What new technology would you like to develop? What kind of energy would it use?

8. List all of the things in your classroom that use electronic technology.
What kind of energy do they use for power?
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LAB SAFETY RULES
Eye Safety
Always wear safety glasses when performing experiments.
Fire Safety
Do not heat any substance or piece of equipment unless specifically instructed to do so.
Be careful of loose clothing. Do not reach across or over a flame.
Always keep long hair pulled back and secured.
Do not heat any substance in a closed container.
Always use the tongs or protective gloves when handling hot objects. Do not touch hot objects with
your hands.
Keep all lab equipment, chemicals, papers, and personal effects away from the flame.
Extinguish the flame as soon as you are finished with the experiment and move it away from the
immediate work area.
Heat Safety
Always use tongs or protective gloves when handling hot objects and substances.
Keep hot objects away from the edge of the lab table––in a place where no one will accidentally
come into contact with them.
Do not use the steam generator without the assistance of your teacher.
Remember that many objects will remain hot for a long time after the heat source is removed or
turned off.
Glass Safety
Never use a piece of glass equipment that appears cracked or broken.
Handle glass equipment carefully. If a piece of glassware breaks, do not attempt to clean it up
yourself. Inform your teacher.
Glass equipment can become very hot. Use tongs if glass has been heated.
Clean glass equipment carefully before packing it away.
Chemical Safety
Do not smell, touch, or taste chemicals unless instructed to do so.
Keep chemical containers closed except when using them.
Do not mix chemicals without specific instructions.
Do not shake or heat chemicals without specific instructions.
Dispose of used chemicals as instructed. Do not pour chemicals back into container without
specific instructions to do so.
If a chemical accidentally touches your skin, immediately wash the area with water and inform your
teacher.
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