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Science and Nature
I NTRODUU CTTIU ON

What are tsunamis?

Why did the dinosaurs disappear? Why do some leaves turn red?
What woman won {wo Nobel Prizes in the sciences?

m Science and
Nature, you

discover answers to

these questions and many
more. Through pictures,
articles, and fun facts,
yow’ll learn about weather,
meet fascinating
scientists, and see how
plants and animals can

change over time.

© 2008 Encyclopadia Britannica, Inc.

To help you on your journey, we’ve provided the following guideposts in
Science and Nature:

B Subject Tabs—The colored box in the upper corner of each right-hand
page will quickly tell you the article subject.

B Search Lights—Try these mini-quizzes before and after you read the
article and see how much—and how quickly—you can learn. You can even
make this a game with a reading partner. (Answers are upside down at the
bottom of one of the pages.)

B Did You Know?—Check out these fun facts about the article subject.
With these surprising “factoids,” you can entertain your friends, impress
your teachers, and amaze your parents.

B Picture Captions—Read the captions that go with the photos. They
provide useful information about the article subject.

B Vocabulary—New or difficult words are in bold type. You'll find
them explained in the Glossary at the end of the book.

B Learn More! —Follow these pointers to related articles in the book. These

articles are listed in the Table of Contents and appear on the Subject Tabs.
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Have a great trip!



A fallen maple leaf shows

its autumn colors.
© Royalty-Free/Corbis
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bu h‘ﬁfgg Blocks

Everything in the world is made up of molecules. Our bodies,
our clothes, our houses, animals, plants, air, water, sky—everything.
Molecules are so small, though, that we can’t see them with our
naked eyes.

But molecules aren’t the smallest things. Molecules are made
up of atoms, which are smaller still. Atoms are so small that it takes
more than a billion atoms to fill the space taken up by one pea!

The word “atom” comes from the Greek word atomos, meaning
“indivisible.” But despite what their name suggests, atoms can
indeed be divided into smaller pieces. Each atom has a core called
a “nucleus.” Around the nucleus swarm small particles called
“electrons.” The nucleus itself is made up of other small particles
called “protons” and “neutrons.” And these protons and neutrons are
made up of even smaller things called “quarks.” So, for now at least,
quarks are among the smallest known things in the universe.

LEARN MORE! READ THESE ARTICLES...
ENERGY - LIQUIDS, SOLIDS, AND GASES « MARIE CURIE

» and “bottom-

pistachlo e op
?

us“ange







Same Stoi% Qgﬂﬂs

Did you know that many of the things you may see or use
every day—such as the water in a glass, the air in a football, and
even the hard metal in a toy car—are potential shape-shifters?
The substances that these things are made of can have the
form of a solid, a liquid, or a gas. The form they take depends
mostly on their temperature. When water gets cold enough, it
becomes a hard solid we call “ice.” When it gets hot enough,
it becomes a wispy gas we call “steam.” Many other
substances behave the same way when they are heated or
cooled enough.
A solid holds its own size and shape without needing a
container. If you pour water into an ice tray and freeze it, the
water will keep the shape of the cube-shaped molds in the
. tray. You can think of the solid metal in a toy car as frozen
" ~ too, but its melting temperature is much higher than the
~ temperatures we live in. The person who made the car poured
very hot liquid metal into a car-shaped mold and let it cool down
and freeze.
A liquid does not hold its own shape. If you pour
a measuring cup of water into a tall glass or a shallow
bowl, it will take the shape of its container. But that
water does keep its own size. It measures one cup.
Everyday liquids such as milk, paint, and
gasoline act this same way.
Gases do not keep their own shape or
their own size. When air is pumped into
a football, it takes the shape and size of
the ball. As more air is pumped in, the
ball gets harder but not much bigger.
The air changes its size to fit the
space inside the ball.

LEARN MORE!
READ THESE ARTICLES...
ENERGY « TEMPERATURES
VOLCANOES




LIQUIDS, SOLIDS, AND GASES

Mark whether
each item below
describes a
solid (S), a liquid (L),
or a gas (G). Some
may match more than
one form.

- melts « has no

so thc‘i.t
here’s 5 leak,
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A boy hears the echo coming from the hills.

“Echo, talk to me,” he calls.

“...to me,” repeats the echo. “...to me...to me...to me.”

What is an echo? It’s a sound you make that bounces back to you from
hills or other surfaces. But how can a sound bounce? It’s not a ball.

Actually, sound is a wave in the air. If you could see air the way you
see water, you’d see the waves that sounds make. Sound waves bounce
only if they hit something big and solid like the side of a hill or the walls
of a cave.

What if nothing stops the sound waves? Then they just get smaller
and smaller. Or they are absorbed by soft things such as carpets, draperies,
or large pieces of furniture. That’s why we don’t usually hear echoes in
the house.




ECHOES

Did you know that echoes can help some animals “see” in the dark?

In pitch-dark caves bats fly easily, never bumping into anything and
even catching tiny insects in the air. As they fly, they make tiny whistlelike
sounds. These sounds bounce back to them. The direction of the echo and
the time it takes for it to return tell the bats exactly where thiM
they fly.

Human beings have learned to harness the power of echoes for
navigation too. Submarines traveling underwater usé sonar to bounce
sounds off of solid objects so that they can tell where those objects are
located—sort of like undersea bats!

LEARN MORE! READ THESE ARTICLES...
ENERGY « RAINBOWS « WAVES

What

TT— .
animal
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to “see”?
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Wthout energy in our bodies, we wouldn’t be able to do anything. We
couldn’t walk, talk, or even play. Energy is usable power. And all energy
is related to some kind of motion.

All living things need energy, no matter what they do. Plants get their
energy from sunlight. This energy is stored in different chemicals inside
the plant. This whole process is called “photosynthesis.”

Animals that eat plants take the energy stored in the plants. The energy
is then stored in chemicals inside the animals as “food energy.” The same
happens when animals eat other animals.

Plants and animals use energy every day as they grow and do the work
of being a plant or an animal. So plants have to keep absorbing sunlight,
and animals have to keep eating plants or other animals.

It isn’t only living things that have energy. A dead tree has hidden
energy. When we burn its wood, it gives off warmth, or “heat energy.” The
Sun too makes heat energy as it constantly burns.

The Sun gives off not just heat but also light, as “light energy.” A
battery in a flashlight makes it shine, generating light energy. But if
we put the same battery in a radio, we get music. A battery’s
energy is known as “electrical energy.” And in a toy car that
electrical energy produces movement, or “kinetic energy.”

If we couldn’t use heat, light, or electrical energy, we
couldn’t drive cars or cook food. We wouldn’t have light at
nighttime. Basically, we’d have to use the energy of our own
bodies. And that would mean eating a lot more and doing a
lot less.

LEARN MORE! READ THESE ARTICLES...
MARIE CURIE - LEAVES
THUNDER AND LIGHTNING

© 2008 Encyclopzdia Britannica, Inc.



ENERGY

These
sentences are
all mixed up.
See if you can

fix them.
Heat energy comes
from the things people
or animals eat.
Food energy comes
from things that burn.

*Jea sjewiue 1o ajdoad sSuly} wo.y sawod £319ud poo4 13
“UIng jey} sSuly} wouj sawod A3Iaud Jesy :ramsuy
© 2008 Encyclopzdia Britannica, Inc.



Find and
correct the
error in the
following sentence:
Leaves turn red
if they have a lot of
carbon dioxide in them
when the sunlight
shines on them.

14
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LEAVES

The-Seience o Thejr

Changing cojors

’rrees that-shed their Ieaves every year are called “deciduous” trees.
Their leaves grow back again in spring.

Scientists think that plants get rid of things they can’t use=Afterflowers
have helped make new seeds for a plant, their petals fall off. And soon after
leaves have lost their green stuff, called “chlorophyll,” they fall off.

A leaf’s chlorophyll uses sunlight to make sugar out of water and
carbon.dioxide, a gas in the air. Plants need carbon dioxide to live and
grow. When leaves use carbon dioxide, another gas, called “oxygen,” is left
over. The plant can’t use the oxygen. So it lets the oxygen go.

Animals and humans need oxygen to live. Their bodies use the oxygen,
and what do you think they have left over? Carbon dioxide. When animals
and humans breathe out, they let the carbon dioxide go.

It’s easy to see that plants and animals and humans help each other
this way.

In places where it gets cool in autumn, a plant loses its chlorophyll,
and its leaves may turn yellow or red. The yellow was there all summer,
but there was so much green that the yellow didn’t show until the green
went away.

Yellow leaves turn red only if they have lots of <
sugar in their sap and the sunlight shines on them. ou KNOW?e
The more sugar a leaf has, the redder it becomes. If D\D Yusi rests are oné Oit;:eoﬂe“
a leaf is kept in the shade, it will stay yellow even if De‘:'\:‘,‘: <ix major life zoﬂetvergree“
7 0
it has a lot of sugar. v:oze“ tundra, the i yemduous
o temperat (mild asslan
taiga, -“:a\ ra‘mfor st, &Y
LEARN MORE! READ THESE ARTICLES... forest, troP and dese
LUTHER BURBANK « ENERGY « RAINBOWS and savannd
"Wy} uo saulys Wsiuns ay}
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Temperature
measures how
much
a) heat something has.
b) chill something has.
c) pressure something has.




Hot and Cold

We can use our fingers, our tongue, or almost any part
of our skin to feel just how hot or how cold something is.
This is important because our bodies need just the right
amount of heat so that we can live comfortably.

When it’s cold and we want to make a room warmer,
we turn on the heaters. In the summer when it’s hot and
we want to make the room cooler, do we add cold to
the room?

No. We take away some of the heat. We say
something is cold when it doesn’t have much heat. The e
less heat it has, the colder it is.

Air conditioners suck hot air from a room. Pipes
inside the air conditioners take a lot of heat out of the air,
making it cold. Then a blower fans the cooled air into the
room again.

When we want to know exactly how hot or how cold
something is, we use a thermometer. A thermometer tells
us about temperature—that is, how hot something is.

Some countries measure temperature in “degrees
Fahrenheit (° F).” Others use a different measuring
system of “degrees Celsius (° C).”

We can use thermometers to measure air temperature,
oven temperature, even body temperature. And your body
temperature tells not only whether you feel hot or cold
but whether you’re healthy.

LEARN MORE! READ THESE ARTICLES. ..
DEW . L1QUIDS, SOLIDS, AND GASES « VOLCANOES

17
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Diamop

DEW

of Waterd Drops

& 4
Y
Susan and her mother had come to the park for an early morning d
walk. The weather had been nice and warm recently. The nights
were still, and there was hardly a cloud in the sky.
The park’s grass glittered and winked. “Are those diamonds?”
Susan asked. It looked as if someone had sprinkled tiny diamonds all How
across the grass during the night. does warm

Susan bent down to touch one
of the glittering points. “It’s
water!” she cried out in
surprise. “How did it get here?
Did it rain last night?”
“No, this isn’t rainwater. It’s dew.”

know.

“It came from the air. All air has
some water in it, you know,” said Mother.

“But I don’t see any water in the air,” said Susan, looking around.

© W. Perry Conway/Corbis

air make dew?

“What’s dew?” Susan was eager to

“No, of course you don’t. It’s in the form of vapor, like fog, only very

light,” said Mother.

“So how does the water get onto the grass?”

“You know that steam turns into water again if it touches something
cold, right?” Susan nodded. “Well, on certain nights the air is warm and

full of moisture,” Mother continued, “but the grass and the ground are cool.

So when the vapor in the warm air touches these cooler surfaces...”

“...it changes to water drops on the grass,” finished Susan. “That must

be why sometimes in the morning our car is covered with tiny drops of
water.”
“That’s right,” Mother smiled. “Now let’s get going on that walk!”

LEARN MORE! READ THESE ARTICLES...
CLoUDS « DIAMONDS « LIQUIDS, SOLIDS, AND GASES
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ﬂoating Water

Have you ever looked up at the clouds and wondered what they’re
made of?

Well, they’re made of water—thousands of gallons of water, floating
high in the air.

It’s easier to believe this when you know that cloud water takes the
form of tiny droplets. The droplets are so tiny that you couldn’t see one if
it was separated from all the others.

Sometimes the water droplets join together around tiny pieces of dust
in the air. These drops get bigger and bigger as more droplets collect.
When they become too heavy to float, they fall—*“plop!” That’s rain!

There are three main kinds of clouds. “Cumulus” refers to the small
puftballs or great wooly-looking clouds that are flat on the bottom.
“Stratus” are low clouds, usually streaky or without much shape. And
“cirrus” are light feathery clouds, like the ones in the photo. Sometimes
cirrus clouds are so high, where the air is very cold, that the whole cloud is
made of ice.

Adding “nimbus” to any of these names changes it to mean a rain
cloud. Tall white cottony rain clouds are called “cumulonimbus,” or
thunderheads. They often bring thunderstorms. Flat gray rain clouds are
called “nimbostratus.” They usually bring only rain.

Snow, sleet, and hail also fall from clouds. Snow and
sleet fall only on cold winter days. Hailstones can fall even
on a warm summer day.

And you may not realize it, but you’ve probably been
right inside a cloud yourself. A cloud so close to the ground
that we can walk through it is what we know as “fog.”

Which of
LEARN MORE! READ THESE ARTICLES... the following
LiQuiDs, SOLIDS, AND GASES describes a

cumulonimbus cloud?
a) cloud on the ground
b) sleet cloud
c) fog

RAINBOWS « THUNDER AND LIGHTNING

© 2008 Encyclopzdia Britannica, Inc.
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RAINBOWS

M‘BS Of COIOI’

If you’ve ever looked at a rainbow and wondered how all those bright
colors got in the sky, you’re not alone.
The ancient Greeks thought these arcs of color were signs from the
gods to warn people that terrible wars or storms were going to
happen. The Norse people believed a rainbow was a bridge the
gods used to walk down from the sky to the Earth. Other
legends said there was a pot of gold waiting at the end of a
rainbow.
But as beautiful as rainbows are, they aren’t magic. And they
aren’t solid enough to walk on. In fact, a rainbow is just colored
How can the light. The seven colors are always the same and appear in the
name “Roy 6.  same order: red, orange, yellow, green, blue, indigo (a very deep
Biv” helpyou  pJye), and violet. The name “Roy G. Biv” helps you remember
r::;::lﬁrtme the first letters and the order of the colors.
T Rainbows often appear after or at the end of a storm—
AR when the Sun is shining again but there is still some rain in
the air. The sunlight looks white, but all seven rainbow colors are mixed
together in it. So when a beam of sunlight passes through raindrops, it’s
broken into the seven different colors.

But you don’t have to wait for rain to see KNOW?
rainbows. They can show up in the spray of a DID YOU there
fountain or a waterfall, or you can make your own In spite of some ‘ege“ds'. bow
with a hose. Set the nozzle to create a spray, aim it really is N0 uend” of 2 :::‘n .

away from the Sun, and then stand between the Sun Rainbows are actually

and the spray. You’ve got an instant rainbow! circles. But because we can

. . e, to
limited distance,
LEARN MORE! READ THESE ARTICLES... see :““f;“ of Earth and sk
orl
CLOUDS « ECHOES « THUNDER AND LIGHTNING the f the circle:
we see only part

S1q100/EBNUBA JJof ©
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Nature ® Fseworis

It can be fun playing in a gentle rain, splashing in puddles
and chasing raindrops. But this would be a dangerous thing to

do when there are thunderheads above. e
Thunderheads are the large, dark, often fast-moving clouds false?

that come out during storms. Thunderheads rumble mightily .2 tnderstony

Quring. storms, and that rpmbling indic.ates Fhe presence Qf idea Ittost:éo::elter

lightning. The rumbling is the sound lightning makes as it uiidenaiiee:

arcs across the sky. A,

During a thunderstorm, electricity collects in the clouds. And often that
electricity gets released as lightning. It’s dangerous to be out when
lightning is a possibility because lightning can quite easily kill from miles
away. People have died from lightning strikes even though the storm the
lightning came from was barely visible on the horizon.

Lightning bolts frequently race to the ground, drawn by objects such as
trees and lamp posts that are especially good conductors of electricity.
Lightning is most attracted to tall objects, which is why trees, buildings,
and radio towers are often struck.

Actually, there are two parts to a lightning strike. The bolt from the sky
is the part we don’t see, because it is so fast and faint. The part we do see
is the return strike. This is a bright flash of lightning that jumps up out of
the ground to meet the lightning coming down and then races up to the
base of the clouds.

Lightning can hurt or kill people who are struck by it. If you ever are
caught in a lightning storm, get inside quickly. Or get into a car. Lightning
that hits a car will travel into the ground harmlessly.

— LEARN MORE! READ THESE ARTICLES...

DID YOu KNOWze CLOUDS « ECHOES « RAINBOWS
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THUNDER AND LIGHTNING

© A & J Verkaik/Corbis
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Fill in
the blank:
The quietest
part of a cyclone
is the 7
where there are
no winds or clouds.




CYCLONES AND TORNADOES

aUre’s Fyry

A cyclone is a rotating storm that can be hundreds of miles across.
These storms can be very destructive. The winds in a cyclone usually blow
at more than 75 miles per hour.

When a cyclone starts in the warmer waters of the Atlantic Ocean, it
1s called a “hurricane.” In the western Pacific Ocean, it is known as a
“typhoon.”

From above, a cyclone looks like a huge spinning doughnut of clouds.
The center of the storm, the doughnut hole, is called the “eye.” The eye is
quiet and cloudless. When the eye passes overhead, it might seem like the
storm has ended. But within an hour or two, the eye passes and the other
side of the storm hits.

With its strong winds a cyclone also brings flooding rains and
sometimes very high ocean waves. When a cyclone hits land, it causes
severe damage. The combination of wind, rain, and waves can knock down
trees, flatten houses, and wash away roads.

Most cyclones start over tropical oceans because areas of warm water
are their source of energy. Strong rotating winds that start on land are
called a “tornado.” A tornado, such as the one pictured here, starts for

- different reasons and is smaller than a cyclone. But a tornado also has very
- strong winds, so it too can be very destructive. It can knock a train off its
- i track or lift a house straight into the air. Fortunately, tornadoes usually die

soon after they start.

LEARN MORE! READ THESE ARTICLES...
CLOUDS « TSUNAMIS « WAVES

Paul and LindaMarie Ambrose/Taxi/Getty Images

*Spnojo 10 spuim ou
aJe 319y} ataym ‘93 ay} s1 auojafo e jo ped )sajainb ay] 1aMsuy




Killer Do Wipour

Rain seems to make things cleaner, doesn’t it? Rain helps flowers grow
and helps keep plants green. It washes the dust from cars and houses. It
leaves roads shiny. And it leaves a fresh smell in the air.

But rain can be dirty. That’s
because as the rain falls, it
gathers up any pollution that’s in
the air. It can leave cars looking
streaky and windows spotty.

Some rain will even ruin the
paint on cars. It will damage or
kill the plants it falls on and the
fish living in lakes that are fed
Scientist testing polluted lake water containing melted acid snow. by rain. Such rain is called
© Ted Spiegel/Corbis “acid rain”’

This is how it happens. We burn fuels such as coal, gas, and oil in our
factories. This releases gases containing elements such as sulfur, carbon,
and nitrogen into the air. These combine with moisture in the air to form
damaging substances such as sulfuric acid, carbonic acid, and nitric

acid. When it rains, these acids fall to earth with the water. Q\CH VY
Acid doesn’t fall to earth only in the form of rain. It can also LL,V Q;
fall as snow, sleet, and hail. It can even be in fog. > 2
Acid rain harms many forms of life, including human life. It
also damages buildings. The acid eats through stone, metal, and
concrete. Acid rain has injured some of the world’s great
monuments, including the cathedrals of Europe, the Colosseum in Acid rain
Rome, and the Taj Mahal in India. can cause
a) water to
LEARN MORE! READ THESE ARTICLES... become polluted.
CLOUDS » LEAVES « LIQUIDS, SOLIDS, AND GASES :)) tfl';" ::t:i';:
of buildings to
wear down.

d) plants to die.
e) all of the above.
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ACID RAIN
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The unhealthy branch on the left shows the damage

that acid rain can do to plants.
© Ted Spiegel/Corbis
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WAVES

Moveme nt

on the Sea S

The ocean never seems to sit still. Its waves rise and fall.
On beaches they push forward and fall back. But what makes
ocean water into waves?

Most waves are created by the wind. The wind blows
along the surface of the water and forces waves in the same

direction. The top of a wave is called the “crest,” and the “Breakers”
lowest part in between the crests is known as the “trough.” is another
When waves roll through the open ocean, they’re called word for

“swell.” As they reach the shore, their crests get higher and
closer together and finally topple over. Then they’re called
“breakers” or “surf.”

A gentle wind makes long waves that don’t rise very high. But stronger
winds push harder on the water and create taller waves. Big storms mean
strong winds, and that means huge, powerful waves.

Major ocean storms, called “hurricanes” or “typhoons,” can cause
enormous waves. Some are so big they can smash oceanside houses into
pieces or tip over ships that get in their way. During violent storms waves
have been known to reach to the tops of lighthouses and to toss boats
completely out of the water.

The most destructive waves are tsunamis, but they’re quite different
from other waves. Tsunamis—also wrongly called “tidal waves”—are not
caused by tides or by the wind. These huge waves are created by
underwater earthquakes or volcanic eruptions.

LEARN MORE! READ THESE ARTICLES...
CYCLONES AND TORNADOES « SAND « TSUNAMIS

Without waves the very popular sport of surfing
wouldn’t be possible. Riding a surfboard in waves like

these requires great balance, skill, and a lot of nerve!
© Rick Doyle/Corbis

© 2008 Encyclopadia Britannica, Inc.




Waves O

A powerful earthquake struck the coast of Chile in 1960.

Many people were frightened and got into their boats in the
harbor to escape the disaster. Soon enormous waves caused by the
earthquake rose up from the ocean. These violent waves, each

more than three stories high, destroyed all the boats and killed the Which of

people in them. The waves then traveled for 15 hours across the these does not

Pacific Ocean to Hilo in Hawaii, where they destroyed more cause a tsunami?
roperty a) earthquake

p ’ b) volcanic eruption

These waves are known as “tsunamis,” from the Japanese
for “harbor wave.” %

A tsunami is a large destructive wave created by the shock from an
earthquake or volcanic eruption. The impact of a meteorite could also
create a tsunami. Tsunamis travel fast and have the force to destroy entire
coastal communities within moments.

A tsunami can travel at speeds of 450 miles
per hour or more (as fast as a jet plane) and
packs tremendous force. As the tsunami
o ¥

approaches land, it grows larger. It continues
to travel until its energy is completely used
up. All low-lying coastal areas are
vulnerable to a tsunami disaster.
In December 2004 an earthquake ¢
major tsunami in the Indian Ocean.
earthquake struck off the coa
hours later, waves as hi
areas some 750 miles away. T
more than 200,000 people.in at least :

LEARN MORE! READ.THE
CYCLONES AND TORNADOES « V .
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To most of us, this landscape is beautiful. But to
a geologist, it also tells the story of millions of years

of Earth’s history.
© Layne Kennedy/Corbis
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GEOLOGY

StUdy Iﬂg' the Earth

How did the Earth get its shape?

What was the world like millions of years ago?

What is the Earth made of?

Why do earthquakes happen?

These are some of the many questions that geologists try to
answer. Geologists are people who study the Earth’s form and

its history. The word “geology” comes from Greek words Matchiihe
. « . v scientist with
meaning ear'th science. . . what she studies:
Geology 1s an important science. Geologists help others geologist  Earth
to find useful fossil fuels such as oil and coal that lie hidden / petrologist fossils
in the Earth’s crust. Geologists also help figure out where geochemist  rocks

earthquakes are likely to happen. This helps people know paleontologist chemicals

where it’s safest to put up buildings.

Because there are so many things about the Earth that geologists study,
geology is divided into many individual areas. For instance, the study of
physical geology looks at the changes that take place inside the Earth and
the reasons for those changes. Geochemistry is concerned with the
chemical elements that make up rocks, soil, and minerals. Petrology deals
with rocks themselves.

Did you know that paleontology is a form of geology? Paleontologists
study life forms that existed on Earth millions of years ago, from the tiniest
bacteria to the most enormous dinosaurs. But because these creatures died
so many millions of years ago, their bodies have turned into fossils—Iliving
things preserved as rock.

LEARN MORE! READ THESE ARTICLES...
DINOSAURS: A MYSTERY DISAPPEARANCE
FossILS « ROCKS AND MINERALS
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The Ear® o\qCKS
Buildins ™ .

KNOw2
. . Gold is th st
You might think that rocks are pretty dull. But rocks tell the :asilli shz:e:
history of the Earth, including stories of giant explosions, and stretched of
mountains rising from the sea, and buried forests turning to stone. all metals. It can

be hammered as
thin as 4
millionths of an

Rocks are made up of one or more minerals. Most minerals are
inorganic, which means that they are not made from living things.

They are substances that occur naturally in the earth. Some inch. And an
minerals are metals, such as iron and gold. Others are nonmetallic, ounce of gold
like quartz and calcite. ini:“abvtirtlerm:lm
Some minerals contain the hardened remains of animals and than 40
plants. Limestone rock, for example, is made up largely of bits and miles long.

pieces of shells and skeletons of
sea creatures.

All rocks fall into one of three
groups, depending on how they are v
formed.

Igneous rocks are formed from cooling
magma, which is the lava released in a
volcanic eruption. The earliest rocks on
Earth were igneous.

Rocks don’t stay the same forever.
They break down into small pieces because of the effects of wind, water,
and ice. When small pieces of rock settle together, they’re known as
“sediment.” As layers settle on other layers over many years, their weight
squeezes the pieces together into solid sedimentary rock. Both photos show
the very common sedimentary rock called “sandstone,” which is cemented
sand.

The third group of rocks gets its name from the word “metamorphosis,’
which means ‘“change.” Metamorphic rocks are created when extreme
temperatures or pressures cause changes in igneous or sedimentary rocks.
Marble is a metamorphic rock formed from intensely squeezed and heated
limestone. And limestone, you’ll remember, began as seashells and
skeletons. This is another amazing Earth story told by a rock!

© Scott T. Smith/Corbis

LEARN MORE! READ THESE ARTICLES...

CHALK « SAND « VOLCANOES Sandstone is fairly easily worn away by rushing
water. Here you see a deep, narrow sandstone

formation called a “slot canyon.”
© David Muench/Corbis
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Most minerals
are inorganic,
which means
they are not
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CHALK

The Rem
of Tiny Shejjg alﬂs

RCH ¢,

T J %

he material we call “chalk” had its beginnings during the time 4 3
when dinosaurs lived on Earth. At that time the oceans were rising
higher and higher until finally they covered most of the Earth’s land.

In those oceans lived billions of tiny animals. They were so small
you could not have seen them—even smaller than the period at the Why does
end of this sentence. These tiny creatures had shells made of the it take
element calcium. When these animals died, their shells fell to the millions of

years to make

bottom of the oceans. After thousands of years there were many chalk?

layers of shells on the ocean floor.

As more and more of the tiny shells pressed down from the
top, those on the bottom became harder and began to stick together.
Eventually the shells changed into a mineral called “calcite,” the main
ingredient of the rock known as
“limestone.”

Many millions of years passed after
the first chalk was made. The Earth’s
surface changed its shape, and the land
and sea developed new shorelines. This
left many chalk layers on dry land, both
Drawing chalk, an entirely different material from in the middle of continents and along
natural chalk. coastlines. In some parts of England
© Miehael . Sedam/Coris there are chalk cliffs 800 feet high.
These are the famous White Cliffs of Dover, and they are almost solid chalk!

If you had a piece of chalk from those cliffs, you could use it to write
on a chalkboard. But the chalk that you now use in classrooms is not a
piece dug from the cliffs or the ground. It is made in factories by mixing
several other materials together.

LEARN MORE! READ THESE ARTICLES . . .
FossiLs « GEOLOGY « ROCKS AND MINERALS

The fabulous White Cliffs of Dover in England

are made of chalk millions of years old.
© Bob Krist/Corbis
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You can find sand at the edge of lakes, the bottoms of rivers, and the
seashore. You can find it in mountain valleys, deserts, and, of course, a
sandbox. Where does all this sand come from?

Sand is created when rocks break into tiny, tiny pieces. Wind, ice, and
rain knock against high mountain cliffs. And slowly, over millions of years,
these forces break off pieces of rock. The pieces bounce down the
mountainside and break off other pieces of rock—while it’s also breaking
into smaller and smaller pieces itself. It isn’t sand yet, but it’s getting there.

Rivers and glaciers are also good at making sand. A river’s water
rushes along, carrying rocks with it and breaking them into little pieces.

- The ice of a glacier grinds away at whatever rocks it slowly rolls across.

Another great sand maker is the ocean. Every day, all over the world,
tides rise and fall, pushing against rocks over and over. Waves tear at the
rocks along the shore, wearing them down.

Thanks to the weather, water, and ice, some of these broken rocks
finally get so small that they become what we call “sand.”

Now that you have all this sand, what can you do with it? Sand is used
for paving roads. Bricks made with sand are harder and stronger than other
bricks. Sand is also used to filter (or clean) water. When it’s sprayed with
great force against stone or brick, it can grind away thick layers of dirt or
~ even paint in a process called “sandblasting.”

And, of course, sand is great for building sand castles!

LEARN MORE! READ THESE ARTICLES...
ATOMS » ROCKS AND MINERALS » WAVES

Mounds or ridges of sand like these are called
“sand dunes.” They’re caused by the combined

action of wind and gravity.
© Dave G. Houser/Corbis

True or
false?
Sand can be
used to clean
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The Hardest-Wot \““g\'\\e W“ﬂd
Gemstones

Diamonds were made millions and millions of years ago when fuming
volcanoes melted the element called “carbon” inside some rocks. Gigantic
masses of earth pressed the carbon tightly. The hot melted carbon was
squeezed so tightly that by the time it cooled, it
had changed into the hard gemstones called
“diamonds.”

Some diamonds are found in the gravel and
sand near rivers. Others are left in the mountains
by glaciers. Most diamonds are mined from
rocks deep underground, usually in Africa. The
country of South Africa is the major source for
Diamond jewelry. the diamonds used in jewelry.
© by Gelgsmih/Goris Diamonds usually look like pieces of glass
or dull stones when they’re first taken out of the ground. They must be cut
and shaped to be used in jewelry. And diamonds are so hard that nothing
can cut them except another diamond.

Using diamond-edged tools, the diamond cutter carefully shapes and
polishes the diamond so that it has straight edges and smooth surfaces.
These edges and surfaces help the diamond reflect light so that it sparkles
and flashes with tiny bursts of color.

Diamonds often seem to flash like white fire. But there are diamonds
that have other colors. Red, blue, and green diamonds are difficult to find.
Yellow, orange, and violet diamonds are more common.

Sometimes people even find black diamonds. Q\CH Iy,

Only the clearest diamonds become glittering gems. But LL,v QS»
because of their hardness, even dull-looking diamonds are 3
still valuable as cutting tools. These are called “industrial
diamonds.” Only about 25 percent of all diamonds are fine
enough to become jewels, so most of the world’s diamonds

are the hard-working industrial type. Fill in
the blank:
LEARN MORE! READ THESE ARTICLES... Diamonds are
DEW - GEOLOGY » ROCKS AND MINERALS so hard that only

can cut them.
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DIAMONDS

Raw diamonds look like chunks of glass when

they’re first found.
© Dave G. Houser/Corbis
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VOLCANOES

Mountaing o

SMmoKe ang Firg

Deep under the Earth’s surface it’s so hot that even rock
melts. Sometimes this molten rock, called “magma,” is
pushed up to the Earth’s surface. At that point it is referred
to as “lava.” And the opening, or vent, that lets the lava out
is a volcano.

A volcano may explode violently, throwing rocks for
miles. Or it might push the lava out so that it flows away, cools,

. Which of
and hardens. Some volcanoes release clouds of poisonous gas = g f;ﬁo‘:in =
or huge clouds of ash. Volcanoes can even do all these things is not often
underwater. spit out by

Most volcanoes have been around for a very long time.
Many haven’t erupted in years and have cooled off.
Volcanoes that won’t be erupting anymore are called
“dead volcanoes.”

Some volcanoes still let off smoke. These “sleeping volcanoes” may
“wake up” someday and start erupting. Mount Vesuvius in Italy slept for
a thousand years. But one day in AD 79 it suddenly woke up. Its eruption
spewed hot ash and rocky fragments that buried the city of Pompeii. A hot
mud flow buried nearby Herculaneum. The remains are so well preserved
that the area has been named a World Heritage site.

But not all volcanoes are destructive. If a volcano spits out enough lava
and debris, it piles up into a mountain. The Hawaiian Islands and the
island of Iceland were created this way.

Other volcanoes help provide heat and energy. Many Icelandic homes
get their hot water from springs heated by volcanic steam. That steam can
also be used to produce electricity. Also, plants grow very well in the rich
soil left by volcanoes. And valuable gems, such as diamonds, can
sometimes be found in the rocks that volcanoes spit out.

LEARN MORE! READ THESE ARTICLES...
LiQuiDps, SoLIDS, AND GASES « ROCKS AND MINERALS - TSUNAMIS
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B“Cient Ljfe iﬂ S tone

Would you like to see something that lived millions of years ago? You
can if you find a fossil.

The remains or traces of plants, animals, and even bacteria that are
preserved in stone are called “fossils.” If you’ve ever pressed a coin into
clay and then removed it, you’ve seen the sort of image you’ll find in many
fossils. The original thing isn’t there anymore, but there’s an impression of
it left in the stone.

Many fossils are easy to recognize as
the living things they once were. The
plant fossil you see in the smaller photo
here, for example, looks like the tracing
of a fern leaf.

Usually, the harder portions of an
B organism are what last long enough to
Fossilized fern. ' - become fossils. Sometimes the hard
© ollan Hoenier/Coris structures are preserved almost whole.
For instance, entire fossilized dinosaur bones have been petrified, or
changed to a stony substance.

Fossils are not always easy to find. Only a small fraction of all ancient
life ever became fossils. And the fossils that did form are often buried deep
underground.

You can tell the fossils in the big photo used to be fish.
After they died—millions of years ago—they sank to the
riverbed and became covered with soft mud. Their flesh
wasted away, but their bones were held together by the mud.

Eventually, the river dried up. It was filled with dust and
dirt blown by the winds. The bones of the fish stayed where
they were. Slowly, the mud of the riverbed turned to stone.

Finally, somebody found this fossil while digging where

I’s unusual
to see an animal

the river once was. fossil that shows
more than just
LEARN MORE! READ THESE ARTICLES... the bones. Why do
CHARLES DARWIN you think bones are
usually the
DINOSAURS: GIANTS OF THE PAST best-preserved parts?

MAMMOTHS AND MASTODONS
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This fossil shows a rare picture of life in action millions
of years ago. Look carefully, and you can see that a big

fish was eating a smaller one when they both died.
© Layne Kennedy/Corbis
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The word “dinosaur” means ‘“terrible lizard.” It is a name given
to lizard-like animals that lived long, long ago. Many of the dinosaurs
were the largest and scariest creatures that ever walked on land. All of them,
large and small, were part of the animal group known as “reptiles.” The
dinosaurs were the ancient cousins of today’s crocodiles, snakes, and lizards.

You may be familiar with the brontosaur, or “thunder lizard.” What
you may not know is that this dinosaur is now called apatosaur, meaning
“dishonest lizard.” A mix-up in fossil bones gave scientists the wrong idea
of what it looked like. The apatosaur was still pretty impressive: it was_as$
much as 70 feet long. No matter what you call it, this creature certauly must
have sounded like thunder when it walked.

The apatosaur was a plant-eating dinosaur. Others, including the N
tyrannosaur, were carnivores, or meat-eaters. Tyrannosaurus #ex was the
“king of the lizards” and was as long as a fire engine. For mhany years the
tyrannosaur was thought to be the largest carnivore ever £o have walked on
Earth. But the giganotosaur was an even larger carnivote!

The anatosaur is called the “duck lizard” because it had a bill like a
duck—though there were hundreds of un-duck-like teeth in its cheeks!

The triceratops was the “three-horned lizard?” Many of these dinosaurs
once lived in the western United States.

There were many other kinds of dinosaurs—more than 1,000 different
species. And they once lived almost everywhere in the world.

\\0\ |
,'.\\ LEARN MORE! READ THESE ARTICLES...
DINOSAURS: A MYSTERY DISAPPEARANC
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DINOSAURS
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Find and
correct the
error in the

following sentence:

The apatosaur’s name
means “dishonest
lizard,” referring to the
beast’s habit of robbing
its neighbors.
A
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AN‘SS‘S“N “GeDINOSAURS
Disappe® Lany

Many of the dinosaurs that once roamed the Earth were so
big and strong that they didn’t need to be afraid of any living Which of
thing. So why al-ren’t there dinosaurs today.? the following
Some scientists think that when new kinds of plants began to s not thought
grow on Earth, dinosaurs couldn’t eat them. New kinds of to be a reason for
animals smaller than dinosaurs also appeared during this time. the disappearance
) . of dinosaurs?
They may haye been al?le to survive bptter than the dmgsgurs. alian asteroid
It’s also possible that disease killed dinosaurs by the millions. striking Earth
Not all scientists think that all dinosaurs died at once. b) climate change

.. . . . c) disease
Another explanation is that a changing climate killed them. d) poisoned plants

We know that when they were living, the weather began to

change. Summers grew shorter and winters grew colder. In “
some places heat waves dried up rivers and swamps. Elsewhere, new lakes

and rivers appeared, and many places were flooded. Some dinosaurs may

have died because it gradually became too cold or too hot for them.

Many scientists believe that dinosaurs died because an asteroid struck
the Earth about 65 million years ago. The dust raised by the impact would
have blocked out sunlight for months, so that plants stopped growing and
the temperature dropped. When plant-eating dinosaurs died from lack of
food, so would the meat eaters that hunted them.

Some scientists think that many dinosaurs evolved into birds. So the
next time you see a robin, consider that you may be looking
at a dinosaur’s relative.

LEARN MORE! READ THESE ARTICLES...
DINOSAURS: GIANTS OF THE PAST « FOSSILS
MAMMOTHS AND MASTODONS

Dinosaur tracks remain, but scientists still don’t know

what happened to the giant creatures that made them.
© Tom Bean/Corbis
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e Iyrant king

It was longer than a bus, weighed more than four tons, and had
teeth up to a foot long. The tyrannosaur may have died out 65
million years ago, but it is still one of the largest meat-eating land
animals that ever lived. It’s no wonder that the first scientist who
discovered this frightening creature’s bones called it Tyrannosaurus
rex: “tyrant lizard king.”

. . . . Find and
Dinosaurs were not true lizards. When scientists first correct the
discovered tyrannosaur fossils, however, they did believe that such error in the
a dangerous-looking animal would have been a powerful and following sentence:
Tyrannosaurus rex

mean bully among the dinosaurs. The tyrannosaur’s jagged teeth "
and huge jaws make it clear that the tyrannosaur was a nv:?::,: ktifa_?.t
powerful carnivore, or meat eater. *
Tyrannosaurs lived mainly in what is now North America
and Asia. The creature was about 40 feet long from its head to its thick and
heavy tail. The tyrannosaur probably stooped forward, with the big tail
balancing its weight when it walked.
The tyrannosaur had large, powerful rear legs but small front arms.
These forearms wouldn’t even have been able to reach its mouth. So the
tyrannosaur probably planted its clawed rear feet on a dead animal, bit
hard, and ripped the flesh away from the carcass.
The tyrannosaur is one of the most popular of all dinosaurs, thanks to
movies and books. But scientists still don’t know a lot about the beast. Did
it hunt by sight or by smell? Was tyrannosaur a hunter at all,
or did it just eat dead animals it found? Was it a fast
DID YOU KNOW? runner?
Tyrannosaur fossils show With so many questions, we’re still getting to know the
eatures that support the tyrannosaur—but from a safe distance!

e
heory that dinosaurs may b
the rs of birds: LEARN MORE! READ THESE ARTICLES. . .
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TYRANNOSAUR

Sue, the famous T. rex in Chicago’s Field Museum,
was sick when she was alive. Researchers say that
she suffered from gout, a painful disease that causes

swelling in bones and joints.
Courtesy, Field Museum
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Mammoths
and mastodons
are related to
a) horses.

b) elephants.

14

This woolly mammoth was painted as part of a
museum exhibit. But primitive artists first painted

these creatures on the walls of caves.
© Jonathan Blair/Corbis




MAMMOTHS AND MASTODONS

Anelent Elgppants

Believe it or not, thousands of years ago some elephants wore heavy
fur coats.

Actually, the mammoth was an ancestor of the modern elephant.

And mastodons were distant relatives of the mammoth. Neither animal
is around today. But at one time they roamed the Earth in great numbers.

We know a lot about these ancient creatures because scientists have
found many frozen mammoth bodies, especially in the icy area of Russia
known as Siberia. Both beasts largely died out at the end of the last Ice
Age, about 10,000 years ago.

Mastodons and mammoths were a lot alike, but the mastodons were on
the planet first. They appeared about 20 million years ago. They were
smaller than mammoths and had thick legs like pillars. Mastodons were
covered with long reddish brown hair.

The mammoth didn’t show up until about 1 1/2 million years ago.
Mammoths were the size of modern elephants. The woolly mammoth had a
thick furry yellowish brown undercoat with longer bristly hair over it. Like
the mastodon, the mammoth had small ears and very long tusks. Despite
these dangerous tusks, both animals ate only grass and other plants. The
tusks may have been for shoveling snow and ice to uncover food.

Mastodons and mammoths were around at the same time as early
humans. The people of the day hunted the animals, but hunting didn’t
wipe them out. Scientists think that the mastodon and the mammoth
vanished because the glaciers of the Ice Age destroyed much of the

vegetation they relied on for food. 2
LEARN MORE! READ THESE ARTICLES... \ oV KNO\N'zhts were first
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Inventing VeV plants

Luther Burbank grew up on a farm in the United States. Though he had
only a high school education, he had read Charles Darwin’s ideas about
how living things change over time. Burbank wanted

to understand why different plants had their own kind of fruit and
flowers—and how they might be changed to grow better ones.

In the 1870s most people didn’t think it was possible to make new
kinds of plants. But Burbank surprlsed them by creating hundreds of new
varieties, including a white
blackberry so clear that you could
see its seeds through its skin.
Burbank grew a tomato on a
potato vine and called it a
“pomato.” He combined a plum
tree and an apricot tree to make a
new fruit called a “plumcot.”

Burbank produced many of
Benefiting today from Burbank’s work with plants. these plants by “grafting.” He
© hnda Rienerdsen/Comis took a small twig from one plant
and put it into a cut he had made on a different plant. The plant with roots
controlled the size of the new plant, while the twig grew into
branches with flowers and fruit. Sometimes he produced
completely new kinds of plants by cross-pollination. He did this
by putting pollen from the flowers of one type of plant onto the
sticky part of the flowers of another type of plant.

Getting the new plants he wanted was not easy. The white
blackberry took Burbank 65,000 tries to get right. And he spent
eight years cross-pollinating different types of daisy to turn a

small yellowish daisy into a tall snow-white flower with a Radand
. correct the
yellow center. The result was the famous Shasta daisy. error in the
Burbank’s work produced many useful plants. And his following sentence:
experiments added greatly to the knowledge of how features Rafting is a way of

pass from parents to offspring. uakisg ey plante .l

LEARN MORE! READ THESE ARTICLES...
CHARLES DARWIN « FOSSILS « LEAVES
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LUTHER BURBANK

DID YOU
KNOW?

Do you like
french fries?
Then thank Mr.
Burbank. He
invented the
Idaho potato, a
favorite source

of fries. _ i _
; y . —— AR
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DID YOU KNOW?®

Not only did Marie Curie
e

Nobel Prize twice,
in-law, \ré

and son-1n-
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MARIE CURIE

The French scientist Marie Curie became the first woman to
win the Nobel Prize, one of the greatest honors in the world.
What’s more, she was the first person ever to win the prize
two times.

Marie, who was born in Poland, studied science at the
Sorbonne, the great French university. She was one of the best

students there. She worked very hard, often late into the night, True
sometimes eating little more than bread, butter, and tea day or false?
after day Marie Curie’s

research led to

Marie married Pierre Curie after completing her science her death

course. Pierre was also a scientist, and the two worked

together. Another scientist, named Henri Becquerel, had y
already discovered that certain types of material send out tiny “bullets”

of energy all the time. Marie called this action “radioactivity.”

These strange radioactive particles were far too small to be seen,
but it was possible to take a kind of photograph of them. Marie studied
radioactivity and discovered two new elements that were radioactive,
polonium and radium.

Over the years Marie Curie’s discoveries about radioactivity have
proved extremely important in many ways. Radioactivity helps doctors
identify and treat diseases. A major form of power generation based on
nuclear energy has been developed, a process involving radioactivity. And
in geology, radioactivity is used to determine the age of ancient rocks.

Marie’s entire life was spent working for science. She fell ill and
eventually died because of working so closely with radioactive materials.
She knew about this risk, but she felt her work was too important to stop.
Marie Curie was awarded the Nobel Prize in 1903 for her work on
radioactivity and in 1911 for discovering radium.

LEARN MORE! READ THESE ARTICLES...
ATOMS + ENERGY « GEOLOGY
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CHARLES DARWIN

The Theory of
Evol Utiop

All cultures tell a story about how life came to be on Earth.
Most traditions and religions tell of creation happening in a
particular event. But what does science tell us? A scientist
named Charles Darwin came up with a very different idea
—=== about how humans and other creatures
- came to be.

In 1831, at age 22, Darwin set out

Fill i
from England on a scientific expedition therI::nk:
aboard a ship called the Beagle. He Darwin’s theory

sailed to the coast of South America
and to some Pacific islands, such as
the Galapagos.

On the trip, Darwin studied
many species, or groups, of plants and animals. He
also studied fossils—rocks that carry imprints of
ancient plants and animals. The fossils showed that
Darwin and his ideas being made plants and animals living on Earth long ago were
fun of in a magazine. different from the same types of plants and animals
© frenive leonograpnic/Coris that lived in his own time. Darwin wondered why
these old species had disappeared and the new species had developed.

After much thought, here’s what Darwin decided: Living things must
work hard for food and shelter, so only those that do this best will survive.
Small individual strengths, such as being bigger or faster, can be the keys
to survival. And these strengths are passed on to the individuals’ offspring.
Helpful individual differences add up over time to make the whole species
change, or evolve.

This was Darwin’s famous theory of evolution. He also believed that
over time the same species living in different surroundings could evolve
into two separate species.

Darwin published his theory in his books On the Origin of Species and
The Descent of Man. He proposed that all living things, including humans,
have slowly evolved from earlier species. Many people do not accept
Darwin’s theory. But it remains the most widely accepted scientific theory.

LEARN MORE! READ THESE ARTICLES...
DINOSAURS: GIANTS OF THE PAST « FOSSILS « GEOLOGY
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absorb soak up
arc a curved line

asteroid small, often rocklike heavenly
body orbiting the Sun

bacterium (plural: bacteria) tiny one-
celled organism too small to see with the
unaided eye

carcass dead body or leftover parts of
an animal

cathedral large church where a bishop
is in charge

chemical one of the combined
substances making up living and
nonliving things

climate average weather in a particular
area

continent one of the largest of Earth’s
landmasses

core central part
debris trash or fragments
devastate wreck or destroy

element in science, one of the simplest
substances that make up all matter

evolve (noun: evolution) change,
especially over time

G LOSSARY

fossil an imprint or other trace in rock
of an animal, plant, or other living thing

gemstone natural material that can be
cut and polished for use in jewelry

generate create or produce

glacier a large riverlike body of ice
moving slowly down a slope or
spreading over a land surface

hail small balls or lumps of ice that fall
from the sky, as rain does

horizon distant point where the land
and the sky appear to meet

impression mark or figure made by
pressing one object onto the surface of
another; also, the effect or feeling an
object or person creates

indivisible unable to be divided

industrial having to do with businesses
that construct or produce something

meteorite a mass of material from
space that reaches the Earth’s surface

mineral substance that is not animal or
plant and is an important nutrient for
living things

organism living thing
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particle tiny bit or piece

pollen tiny, dusty reproductive parts of
plants

pollute (noun: pollution) to poison or
make dirty, often with man-made waste

potential possible

remains parts that are left after time
passes or some event occurs

rotate spin or turn
sleet frozen or partly frozen rain

species a particular group of living
things that share certain inherited
features

theory in science, an idea or reasoned
explanation for why things are as they
are or why things happen as they do

tropical having to do with the Earth’s
warmest and most humid (moist)
climates

tyrant powerful and cruel ruler; also,
someone who acts like a tyrant

vapor a substance in the state of a gas
(rather than a solid or liquid)

vulnerable exposed or in danger



acid rain (pollution) page 28

anatosaurs (dinosaurs)
dinosaurs page 48

apatosaurs, also called brontosaurs
(dinosaurs)
dinosaurs page 48

atoms (matter) page 6

autumn (season)
leaves page 15

bats (animals)
echoes page 11

battery (electricity)
energy page 12

birds (animals)
Did you know? pages 10, 52

blackberries (fruit)
Luther Burbank page 56

botany (study of plants): look under
plants

brontosaurs (dinosaurs): look under
apatosaurs

Burbank, Luther (American plant
breeder) page 56
LEARN MORE look under plants

calcite (mineral)
chalk page 39

calories (energy)
Did you know? page 13

carbon (chemical element)
diamonds page 42

carbon dioxide (chemical compound)
Did you know? page 29
leaves page 15

chalk (rock) page 39

chlorophyll
leaves page 15
LEARN MORE look under photosynthesis

cirrus clouds
clouds page 20, photograph page 21

clouds page 20
LEARN MORE look under cyclones; dew;
thunder and lightning

cold: ook under temperatures
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color
leaves page 15
rainbows page 23

Cretaceous Period (geology)
Did you know? page 38
LEARN MORE look under paleontology

cross-pollination
Luther Burbank page 56

cumulonimbus clouds, also called
thunderheads

clouds page 20

thunder and lightning page 24

cumulus clouds
clouds page 20

Curie, Marie (French scientist) page 59
LEARN MORE look under atoms

cyclones, also called hurricanes, or
typhoons (wind storms) page 27
waves page 31

Darwin, Charles (British scientist)
page 61

dew page 19
LEARN MORE look under clouds

diamonds page 42

dinosaurs (ancient reptiles) page 48
disappearance page 51
LEARN MORE look under fossils;
tyrannosaurs

earthquakes
tsunamis page 32

echoes page 10
LEARN MORE look under waves

electricity
energy page 12
thunder and lightning page 24

electrons (atoms)
atoms page 6, illustration page 6

energy page 12
LEARN MORE look under nuclear
energy; temperatures; thunder and
lightning

evolution (scientific theory)
Charles Darwin page 61
LEARN MORE look under dinosaurs;
fossils

feeling (nervous system)
temperatures page 17

ferns (plants)
fossils photograph page 46

flowers
Luther Burbank page 56

fog
clouds page 20

food
energy page 12

forests
Did you know? page 15

fossil fuels (energy sources)
Did you know? page 47

fossils page 46
LEARN MORE look under chalk;
dinosaurs; paleontology

french fries (food)
Did you know? page 57

gases (state of matter): look under
liquids, solids, and gases

gemstones (minerals used as jewels)
volcanoes page 45
LEARN MORE look under diamonds

geochemistry (science)
geology page 35

geology (science) page 35
Marie Curie page 59
LEARN MORE look under rocks and
minerals; sand; volcanoes

gold
Did you know? page 36

grafting (horticulture)
Luther Burbank page 56

hail (weather)
clouds page 20

heat: look under temperatures

human beings
Did you know? page 60
temperatures page 17

hurricanes (wind storms): look under
cyclones

igneous rocks
rocks and minerals page 36
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jewelry
diamonds page 42, photograph page 42

kinetic energy (physics)
energy page 12

lava (volcanoes)
volcanoes page 45

leaves page 15
LEARN MORE ook under plants

life
energy page 12
light
energy page 12
rainbows page 23

lightning (weather): look under thunder
and lightning

limestone (rock)
chalk page 39
rocks and minerals page 36

liquids, solids, and gases (states of
matter) page 8
LEARN MORE look under atoms

magma (molten rock)
rocks and minerals page 36
volcanoes page 45

mammoths and mastodons (animals)
page 55

matter (science)
atoms page 6
liquids, solids, and gases page 8

medicine (science)
Marie Curie page 59

metamorphic rocks
rocks and minerals page 36

meteorites (astronomy)
tsunamis page 32

minerals: look under rocks and minerals

molecules
atoms page 6

natural selection, also called survival
of the fittest (biology)
Charles Darwin page 61

neutrons (science)
atoms page 6, illustration page 6

nimbostratus clouds
clouds page 20

nuclear energy
Marie Curie page 59
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LEARN MORE look under atoms; energy

nucleus (atoms)
atoms page 6, illustration page 6

oxygen (chemical element)
leaves page 15

paleontology (science)
geology page 35, page 35
LEARN MORE look under Cretaceous
Period; dinosaurs; fossils; mammoths
and mastodons

petrology (science)
geology page 35

photosynthesis (biology)
energy page 12
leaves page 15

plants
fossilized fern photograph page 46
leaves page 15
Luther Burbank page 56

pollination
Luther Burbank page 56

pollution: look under acid rain

protons (atoms)
atoms page 6, illustration page 6

quarks (science)
atoms page 6

radioactivity
Marie Curie page 59

rain (weather)
clouds page 20

rainbows (weather) page 23

rocks and minerals page 36
Did you know? page 34
volcanoes page 45
LEARN MORE look under chalk;
diamonds; fossils; sand

sand page 40

sandstone (rock)
canyons photograph page 36,
photograph page 37
sediment (geology)
rocks and minerals page 36

shells: look under chalk

snow (weather)
clouds page 20

solids (state of matter): look under
liquids, solids, and gases

sonar
echoes page 11

sound
echoes page 10

storms: look under cyclones; thunder
and lightning

stratus clouds
clouds page 20

survival of the fittest (biology): look
under natural selection

temperatures page 17
energy page 12
liquids, solids, and gases page 8

thermometers (measuring instruments)
temperatures page 17

thunder and lightning page 24
clouds page 20

thunderheads: look under
cumulonimbus clouds

tornadoes (wind storms) page 27

trees
Did you know? page 29
leaves page 15

triceratops (dinosaurs)
dinosaurs page 48

tsunamis page 32
waves page 31

typhoons (wind storms): look under
cyclones

tyrannosaurs, also called
Tyrannosaurus rex (dinosaurs) page 52
dinosaurs page 48
LEARN MORE look under fossils

vapor
dew page 19

volcanoes page 45
rocks and minerals page 36

waves page 31
sand page 40
LEARN MORE look under echoes;
tsunamis

weather: ook under clouds; cyclones;
dew; rainbows; thunder and lightning;
tsunamis; waves

wind
cyclones and tornadoes page 27
sand dunes photograph page 40
waves page 31
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