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What Is Matter?

Matter is the stuff in the world around you. The chair you 

are sitting on, the floor under your feet, the dirt under that 

floor, and the rock under the dirt are all matter. The water 

you drink is matter. The air you breathe is matter. Your body is 

made of matter, and so is this book.

Matter is anything that takes up space and has mass (which 

we usually measure by weight). All of the materials in the 

world are made of matter.

�
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Find the Matter

Look at the pictures on the next five pages. What materials—or 

different kinds of matter—can you find?
Word Connection
Materials are the dif-

ferent kinds of matter 

that things are made 

of. Many things are 

made of more than 

one material. For 

example, a bicycle is 

made of metal, rub-

ber, padding, plastic, 

and air.

T Think About It!
Where would you find air 

in a bicycle?
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States of Matter

Matter Fact
Your body is made 

up of solids, liquids, 

and gases. About 2/3 

of your body weight 

is water. The gases in 

your body don’t weigh 

much. They are found 

in your lungs, diges-

tive tract, and air-filled 

spaces in your skull 

called sinuses.

If you wrote down all the materials you could see in the 

 pictures, you would have a very long list.

Now try something else. What materials would you say are 

solids? What liquids did you find? Did you find any gases?

Think about a drink in a glass. The glass is solid. The drink is 

liquid. If there are ice cubes in the drink, they are solid. If the 

drink is fizzy, the bubbles in the liquid are gas. The part of the 

glass that is not filled by the drink is not empty—it is filled 

with air, which is a gas.

Scientists call solids, liquids, and gases the states of matter. 

The materials that make up the world are almost always  

solids, liquids, gases, or a combination of these.

Matter Fact
While solids, liquids, 

and gases are the com-

mon states of matter, 

scientists say there are 

other states of matter. 

One is called plasma. 

Plasma is a state of 

matter similar to a 

gas state, except it is 

extremely hot, and it 

can conduct electric-

ity. You can see plasma 

in the northern lights, 

inside a lit-up neon 

sign, or in the flicker-

ing of a candle flame. 

Stars, including the 

sun, are mostly made 

of plasma.
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Properties of All Matter

Everything shown in the pictures is matter—the hot lava, the 

rocks, the ice, the water, the hot air in the balloons, the clouds, 

the plants, the concrete, and the wind that moves the sailboat.

All of these things take up space. The amount of space they 

take up is called their volume.
Volume and Weight
To learn more about 

how scientists measure 

volume and weight, 

see “Tools of Science: 

The Metric System” on 

pages 111–115.

And all of these things have weight. Weight is a measure of 

how heavy something is. People use tools such as scales to 

measure weight.

All matter takes up space (or has a volume) and has mass 

(which we usually measure by weight).

Another way to think about matter is to ask this question: 

Could it be put in a container and moved?

Can you put a rock in your pocket and walk away with it? 

Could you blow air into a plastic bag or balloon, and then 

release it in another room? Could you put water in a cup and 

pour it out somewhere else? The answer is yes, because all of 

these things are matter.

   

             

  

           

          

            

          

 

           

           

          

             

 

  
    

   

            

             

              

        

          

             

         

Matter Fact
Mass is a measure of how much matter is in an object. Weight is a measure of how 

hard gravity pulls on an object. We can use weight to measure mass because the 

amount of mass affects how hard gravity pulls. 

The mass of an object never changes. But the weight of an object would change if 

the gravity pulling on it changed. That’s why an apple would weigh more on Saturn 

than it does on Earth, and why it would weigh less on the moon.
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What Is Not Matter?

If most things around you are made of matter, what things are not 

made of matter?

Energy is not matter. There are many kinds of energy. Some 

energy is connected with matter—such as the energy of motion 

that moves a ball, or the energy in sound waves that moves 

air and other materials. Other kinds of energy are connected 

with light.

Light is not matter. Light can travel through air, through liquid 

water, and through solid glass. Sunlight travels to us from the 

sun through outer space. Light carries energy. When light shines 

on things, it adds heat energy to them, but it does not add 

 matter.

T Think About It!
Truly empty space has 

volume but no weight.

Is there matter in empty space? Most spaces that you think of 

as empty are full of matter. An “empty cup” sitting on your desk 

is really full of air. An “empty room” is also filled with air. But 

some places—airless, gasless spaces—really are empty. The huge 

expanses of outer space between the planets and stars may con-

tain some particles of gas or dust, but mainly they are just empty. 

Truly empty space is space that does not contain matter.
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Properties of Different Objects

Word Connection
A property is some-

thing about an object 

or material that helps 

us identify it. You 

could identify an apple 

with or without your 

eyes closed. You would 

recognize its color, 

shape, heaviness, 

texture, and taste. 

These are some of the 

properties of an apple.

Different materials have different properties. Properties help 

us identify things. Properties also make each thing useful to 

us. For example, if you wanted to wipe up some spilled milk 

would you use a rubber ball or a sponge?

Properties of a Rubber Ball Properties of a Sponge
Sphere (round) Box-shaped

Bounces high when dropped Doesn’t bounce much

Doesn’t absorb liquid Absorbs liquid

Did you choose the sponge? A sponge has some properties that 

make it a good tool for the job:

• It is absorbent, so it can soak up the milk. (This makes it 

work better than a rubber ball.)

• It is small enough to fit in your hand. (This makes it 

work better than a couch cushion.)
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Not all of a sponge’s properties will help you wipe up a spill. 

For that job, it doesn’t matter whether the sponge is in the 

shape of a circle or square. It also doesn’t matter whether the 

sponge is yellow or blue or some other color.

Each State of Matter Has 
Unique Properties

T Think About It!
When you take a Popsicle 

out of the freezer, what 

are its properties? What is 

its state of matter?

After you drop the Popsicle 

on the sidewalk on a hot 

day and wait ten minutes, 

what are its properties? 

What is its state of matter?

How has the Popsicle 

changed? How is it the 

same?

A thing’s properties let you know whether it is a solid, liquid, 

or gas. In other words, you can use properties to identify some-

thing’s state of matter. There are more kinds of solids in the 

world than you can count, but they all share some properties 

with other solids. All liquids share some properties with other 

liquids. All gases share some properties with other gases.

Think back to the pictures at the beginning of this chapter. If 

you were able to say what things in the pictures were solids, 

liquids, and gases, you already know a lot about the properties 

of the different states of matter.
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Solids

Look at these objects. What makes them similar? What makes 

them different?

The objects in this picture are solids. All solids share certain 

properties.

�



Chapter ���

 

             

       

              

             

       

     

             

           

              

             

        

Properties of Solids

• Every solid has a shape and a volume. A solid’s volume is 

a measure of how much space the solid takes up.
Volume and Weight
To learn more about 

how scientists measure 

volume and weight, 

see “Tools of Science: 

The Metric System” on 

pages 111–115.

• Every solid has weight, even if it is very small or very 

light.

• A solid holds its shape. It only changes shape if some-

thing pushes or pulls on it. You can tear a piece of paper, 

or push clay into a different shape, but without your 

push or pull their shape will not change.

• The volume of a solid does not change, even if it changes 

shape.

• You can pick up a solid with your hands, as long as it is 

not too big or too small. A solid won’t flow through your 

fingers.

Matter Fact
The solid state of water 

is ice. All you have 

to do to make liquid 

water into solid ice is to 

make its temperature 

0ºC (32ºF) or colder.
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Flexible Solids

A solid does not have to be rigid or stiff. Many solids are 

 flexible, which means they change shape easily.

A silk scarf is very flexible. If you pushed it into a cup, it 

would bunch up and take the shape of the cup. If you waved 

it through the air, it would spread out.

     

No matter what you do to change its shape, the scarf is still 

a flexible rectangle made of silk. It weighs the same amount. 

And it takes up the same amount of space, even if the space it 

takes up looks different when it’s stuffed in a cup and when it’s 

waving in the air. The scarf is a solid.
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Solids with Other Properties

Some solids are very rigid and strong. If people want to build 

things that will last a long time, they use materials like metal, 

wood, or stone.

T Think About It!
Choose an object in the 

room. What is it made of? 

Why does this material 

work well for this object?

Some solids are transparent. If people want to be able to 

see through a wall, they make a window out of clear glass or 

plastic.

Some solids can float. When a fisherman wants to keep his net 

from sinking under the water, he ties floats made of foam or 

cork to the net.

Natural and Human-Made Solids

Making New Materials

Some things are natural. This means they can be found in 

nature. Sand is a natural material. It is created when rocks—or 

dead coral or seashells—are weathered and broken down into tiny 

pieces.

Some things are human-made. People use things from nature  

to create new things that can’t be found in nature. For example, 

people melt and purify some kinds of sand to make glass. They 

shape the glass into objects like windowpanes or bottles. The 

materials in sand are also used to make computer chips.

Imitating Nature

Sometimes people make things that imitate natural objects. 

Sponges are an example of a natural object that people also make.



��Solids

A living sponge is a colony of tiny animals that live in the ocean.

A natural sponge is a skeleton of a living sponge. A human-made sponge is made of 
plant fiber or plastic.
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People harvest some kinds of living sponges and allow them to 

dry out so the living parts die and decompose. Natural sponges 

are flexible and can soak up lots of liquid.

At some point, people began making sponges, so they didn’t have 

to depend on natural sponges. Human-made sponges cost much 

less to buy than natural sponges. Using different materials and 

techniques, people can make sponges with different properties 

that they need. They’ll use one kind of sponge to gently bathe a 

baby, and a different kind of sponge to scrub the food off their 

pots and pans.

Powders and Other Collections of Solids

Flour is a powder. Powders are collections of tiny pieces of solids.

I Try This!
If you haven’t done this 

already, look at flour with 

a magnifying lens. What 

do you see?
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If you have a collection of lots of small solids, like a cup full of 

flour, you can pour the collection like a liquid. If you put the 

collection into a cup, the collection will take the shape of the 

cup. But each tiny piece keeps its own shape. Flour is a solid.

Pretend each tiny piece of flour is as big as a marble. Can you 

see how a cup full of marbles is like a cup full of powder? Can 

you see how it is different?
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A Closer Look at Solids

Can you guess what this is? (Check page 24 for the answer.)

See page 24 to find out what this is.1

When you look at a solid material under a microscope, you 

might be surprised at how different it looks. It may have a 

rougher texture, or cracks that you could not see with just 

your eyes. Or it may be made of smaller pieces you couldn’t 

see without a microscope.

Take a close look at these solid materials. Once you find out 

what they really are, you may find that they are put together 

differently than you thought.
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What’s this? Look at page 24 to find out.2

See page 24 to find out what this is.3
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Looking at Solids from Far Away

Things can also look different when you look at them from far 

away. Can you guess what this is?

See page 24 to find out what this is.4

This picture was taken from a satellite. When you look at large 

solids, such as mountains, from far away, you may find that 

they have shapes that you cannot see close up.

Even when you look at things from an airplane, they look dif-

ferent than they do when you are close to them on the ground.
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Technology and Inventions

Word Connection
The lens got its name 

from the lentil, because 

it has a similar shape.

One invention leads to another. The lens was discovered long ago. 

Over many centuries, scientists learned to use lenses to see solids 

close up, and also far away in the night sky.

The Lens

A long time ago—maybe thousands of years ago—someone 

noticed that a transparent disk with curved surfaces made  

things look bigger. This came to be called a lens. A scientist named 

Abu Ali Hasan Ibn al-Haitham (often called  

Alhazen), who lived in Basra (Iraq), made accurate studies  

of lenses and vision around the year 999. But as far as we know, 

most people didn’t use lenses until the invention of  

eyeglasses (also called spectacles) in the late 1200s.

The Microscope

Sometime around 1590, a Dutch father and son who made eye-

glasses for a living tried a new idea. The two men, Zaccharias and 

Hans Janssen, created tubes with lenses on the ends. If someone 

looked at an object through the tube, it made the object look 

much larger. Their tubes made things look about 20 times bigger.

Robert Hooke, a famous scientist and inventor in England, 

improved the design and built microscopes able to magnify objects 

30 times. He made drawings of the things he saw, and published 

the book Microphagia in 1665. He was the first person to identify 

and name cells.

Anton van Leeuwenhoek (1632–1723), who lived in Holland, 

was able to look at even smaller things. He did not have formal 

training in science, but he was a careful observer. He was also very 

good at making things. He taught himself how to grind more 

perfect lenses. The microscopes he made magnified objects 275 
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times—so he could see things nearly ten times smaller than any-

one had seen before! He was the first person to see tiny organisms 

in a drop of water.

Some scientists today use a different kind of microscope, an elec-

tron microscope, to see even smaller things.

The Telescope

No one is sure who invented the first telescope, but it happened in 

Holland around 1608. In one account, children were playing in the 

shop of an eyeglasses maker. They lined up two lenses and looked 

through them at a church steeple. Like magic, the steeple looked 

larger. The shop owner, Hans Lippershey, used the discovery to cre-

ate a “looker.” He tried to sell it to the Dutch army in 1608, but they 

turned him down.

Not long after this in Italy, Galileo Galilei heard a description of 

the new invention. He used the ideas to make his own telescope. 

In 1609 he looked through his telescope at the night sky. First he 

discovered that the moon was not smooth—it was rough and cov-

ered with craters. He learned that the Milky Way had many more 

stars than anyone had imagined. And he found that Jupiter had 

four moons.

By looking at far-away objects in the night sky, Galileo changed 

the way people thought about Earth and its place in the universe.

Would you like to know what the photographs on pages 20–22 are?

1. This is a razor’s edge.

2. This is the adhesive (glue) on a self-sticking note.

3. This picture shows human hairs with split ends.

4.  This is a satellite photograph of part of the Himalaya Mountains.
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Liquids

What Makes a Liquid a Liquid?

Think about what would happen if 

you did this…but don’t really do it!

Pretend you had a cup of liquid—

any liquid. Imagine yourself stand-

ing up, and then dumping the 

liquid onto your desk. What would 

happen next? What would the liq-

uid do? Where would it end up?

If you can imagine what would 

happen, you already know many 

properties of liquids. See if this list 

matches some of what you know.

�
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Properties of Liquids

• When you pour a liquid, it forms a stream. Sometimes 

when the stream hits something, it splashes or breaks 

into drops.

• A liquid flows down until it reaches the bottom of a 

 container.
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• A liquid fills the bottom of its container. It takes the 

shape of the part of the container that it fills.

• If a liquid in a container is not being moved, its surface 

seems level and flat.

• A liquid can flow through small holes. If you try to pick 

up a liquid, it will flow through your fingers.
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• If a liquid doesn’t soak into a surface, it might form 

drops, or else form flat pools.

Matter Fact
A drop of water is held 

together by surface 

tension. Different 

liquids have different 

amounts of surface 

tension. Water mixed 

with detergent has less 

surface tension than 

pure water, and forms 

flatter droplets than 

pure water.

This drop of water is held together by surface tension.

T Think About It!
How are the properties of 

liquids different from the 

properties of solids?

• The shape of a liquid changes easily, but its volume does 

not change (unless its temperature changes…but that’s 

another story).

Liquids in the World Around Us

Water and Other Liquids

Are all liquids watery? Can you think of liquids that are 

thicker than water, that flow more slowly than water? What 

liquids can you think of that are different than water in  

other ways?

Some liquids are made of water mixed with other things.

• Fruit juice is water mixed with fruit pulp and fruit sugars.

• Milk is water mixed with milk solids and liquid fat.
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• Ocean water is water mixed with salt and other minerals.

• Dish detergent is water mixed with chemicals.

Some liquids don’t have water in them.

• Animal and vegetable oils are liquid fat.

• Lava from a volcano is melted, liquid rock.

• Mercury is a metal that is liquid at room temperature.

• Pure alcohol contains no water, even though it is clear 

like water.

Mercury

All metals can be in a liquid state if they are melted at very hot tem-

peratures. But mercury is the only metal that is liquid when it is at 

room temperature. It looks just like what it is—shiny, liquid metal.

Matter Fact
Mercury becomes 

solid at around –39°C 

(–38°F).

This dish holds drops of liquid mercury. The thermometer has mercury inside of it.
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People used to use mercury in home thermometers. Like many 

liquids, mercury expands (gets bigger) when it is warmer, and 

contracts (gets smaller) when it is cooler. So in a thermometer, 

mercury rises and falls within the tiny tube inside the thermome-

ter’s glass.

Unfortunately, mercury is very poisonous. If a mercury ther-

mometer breaks, people can be exposed to the dangerous 

mercury. If people put broken thermometers in trash dumps, 

the mercury may go into the ground and into the air. If it 

goes into the ground, it can poison water in the ground that 

flows to other water sources. If it goes into the air, it is moved 

around by wind and rain. Once it gets deposited in oceans, 

lakes, rivers and streams, mercury can be taken up by the fish 

we eat. It only takes a tiny bit of mercury to harm wildlife and 

people.

Now most home thermometers are digital, or they use liquids like 

colored alcohol instead of mercury. If you have a mercury ther-

mometer in your home, there may be a program in your commu-

nity where you can trade it for a safer thermometer.

If you ever find a broken mercury thermometer, tell an adult  

to look in the phone book and call a government poison 

 control agency or the waste disposal number for your area 

right away. Mercury can poison the air and other things in 

your  home!
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Liquids and Their Containers

T Think About It!
Can you think of a liquid 

that does not have a con-

tainer? If you can, is it a 

small amount of liquid or 

a large amount?

Liquid in a cup fills the bottom of the cup. Liquid in a bucket 

fills the bottom of the bucket. A puddle of water fills the bot-

tom of the puddle. Water in a river fills the bottom of the river-

bed. Water in a lake fills the lake bed. Even the salty water in 

the ocean fills the whole, enormous ocean bed.

Each liquid is in the shape of its container, and has a flat 

 surface when nothing is disturbing it.

Properties of Different Kinds of Liquids

All liquids share some properties. But each type of liquid also 

has unique properties of its own. Some liquids burn easily. 

People use gasoline, oil, and other liquids as fuel to heat their 

homes or run engines.

Some liquids are slippery. People use some kinds of oil to keep 

machine parts from rubbing hard against each other, so they 

don’t heat up.

Some liquids kill germs. People use alcohol and other germ-

killing liquids to wash cuts so they don’t get infected. They use 

detergents and other germ-killing liquids to clean surfaces in 

their house.

Some liquids are edible and nutritious. Many of them are deli-

cious as well! We couldn’t get through a day without water, 

juice, or milk.
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Liquids have many other properties that help you identify 

them and use them. Some of these are:

• Color

• Smell

• Whether you can see through them (if they are transpar-

ent) or not (if they are opaque)

• How easily or rapidly they flow (viscosity)

• Whether they are sticky or slippery

• How heavy they are for their volume (density)

Measuring the Size and Weight 
of Liquids

Like all matter, all liquids take up space (have a volume) and 

have weight.

People use measuring containers to measure the volume (or size) 

of liquids. Different measuring containers use different units.

Metric Units for Volume Conversion to U.S. Customary Units
milliliter (ml) About 1/5 of a teaspoon

cubic centimeter (cc or cm3)

1 cc = 1 ml

About 1/5 of a teaspoon

liter (L)

1 L = 1,000 ml = 1,000 cc

A little more than a quart
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People use scales to measure the weight of both solids and liq-

uids. Different scales also use different units.

Volume and Weight
To learn more about 

how scientists measure 

volume and weight, 

see “Tools of Science: 

The Metric System” on 

pages 111–115.

U.S. Customary Units for Volume Conversion to Metric Units
teaspoon (tsp) Nearly 5 ml

tablespoon (T or Tbsp)

1 tablespoon = 3 teaspoons

Nearly 15 ml

cup (C)

1 cup = 16 tablespoons

About 237 ml

pint (pt)

1 pint = 2 cups

About 473 ml

quart (qt)

1 quart = 2 pints = 4 cups

A little less than a liter

gallon (gal)

1 gallon = 4 quarts = 16 cups

About 3¾ liters

Metric Units for Weight Conversion to U.S. Customary Units
gram (g) About 3/100ths of an ounce

kilogram (kg)

1 kilogram = 1000 grams

A little more than 2 pounds

U.S. Customary Units for Weight Conversion to Metric Units
ounce (oz) About 28 grams

pound (lb)

1 pound = 16 ounces

A little less than ½ a kilogram

ton

1 ton= 2000 pounds

About 907 kilograms
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People Doing Science

Eureka!

Archimedes was a mathematician and inventor who lived in a 

Greek city called Syracuse. He lived from about 287 b.c. to 212 b.c. 

He loved his work, and was highly respected by both the kings and 

scientists of his day. Even though he lived so long ago, we know a 

lot about his work because he sent letters to other scientists. But it’s 

not always easy to tell whether the many stories about his life really 

happened, or were made up by historians.
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Archimedes is most famous for jumping naked out of a tub and 

running down the street shouting “Eureka!” (“I have found it!”). 

Would you like to know more? If so, read on.

The king wanted to make a special offering to the gods, so he 

gave a bar of pure gold to a goldsmith and told the goldsmith 

to make a golden wreath. When the goldsmith was finished, he 

gave the king a beautiful, lacy wreath with thin golden leaves and 

golden ribbons.

The king wanted to know if the wreath was made of pure gold, or 

if the goldsmith had cheated him. The wreath weighed the same 

as the gold bar had, but the king wondered if the goldsmith had 

mixed in other metals, and kept some of the gold for himself. The 

king asked Archimedes to figure out whether the wreath was pure 

gold, but to do it without destroying the wreath.

At first Archimedes tried to figure out how to measure all the 

shapes of the wreath, so he could see if the wreath had more vol-

ume than the gold bar had. But the wreath was too complex. He 

thought about the problem so much he forgot to eat and sleep 

and bathe.

Finally, while still thinking, he went to the public bath. (In ancient 

Syracuse, people did not have baths in their own homes. Instead, 

they went to public bathhouses.) He stepped into a tub so full of 

water that the water fell out over the edge of the tub. When he 

sat deeper in the water, more water fell out of the tub. Archimedes 

jumped out of the tub and (as you already know) ran out into the 

street shouting “Eureka!”
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Archimedes had found a simple, brilliant solution to his problem. 

When you push a solid into a liquid, the solid pushes the liquid 

out of its way. The solid displaces the same amount of liquid as 

its own volume.

Matter Fact
Archimedes knew the 

wreath must have 

other metals in it 

because gold weighs 

more for its size than 

other metals. A piece of 

gold weighs the same 

amount as a larger 

piece of silver. You’ll 

learn more about this 

in the “Density” chap-

ter on pages 59–64.

If you place 10 cubic centimeters in a cup of water, the water level will 
rise 10 ml. The solid has pushed the liquid out of the way. In other 
words, the solid displaced the liquid. The volume of the solid is the 
same as the volume of the water that the solid displaced.

Using displacement, Archimedes showed that the metal in the 

golden wreath took up more space than the gold bar had. He 

concluded that it must have other metals in it, or else the gold 

in the wreath would have taken up exactly the same amount of 

space as the gold bar.

The goldsmith hurried out of town before he could be punished.
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Gases

Sensing Gases

Even though you can’t see most 

gases, gases are matter—just like 

solids and liquids are matter. Gases 

take up space, which means they 

have volume. Gases don’t weigh 

much compared to solids and liq-

uids, but gases do have weight.

You can put gases in containers and 

take them somewhere else. Just think 

about a balloon filled with air or 

helium.

�

The balloon on the floor is filled with air. The balloon on the 
string is filled with helium, which is a different kind of gas.
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You can feel moving gases. Wind is moving air. If you blew air 

into a balloon, then pointed the balloon’s opening at sand as 

you let the air out, the air rushing out of the balloon would be 

able to move the sand.

T Think About It!
Moving air can move a 

sailboat. Can you think 

of other things that are 

powered by wind?
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You can smell many gases. In fact, when you smell and taste 

hot pizza, your nose is detecting vapor which comes from the 

pizza!

Word Connection
Gas and vapor are 

two words for the 

same thing. People 

usually use “gas” if 

the matter they are 

describing is com-

monly found as a gas 

(like helium gas or 

hydrogen gas). People 

usually use “vapor” 

if the matter they are 

describing is a gas that 

is more often found 

as a liquid or a solid 

(like water vapor or 

gasoline vapor).

Gases Surround Us

The gas that you are most familiar with is air. Think about 

this list of the properties of gases. Does air have these 

 properties?

Properties of Gases

• Many gases (but not all of them) are invisible.
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• A gas does not have a definite shape. It spreads out to fill 

up its container. When its container changes shape, the 

gas changes shape.

• A gas does not have a definite volume. Air in a balloon 

takes the shape of the balloon. When you let the air out 

of a balloon, the air expands into the room.
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• Gases can be easily compressed and expanded. If you 

push gas into a smaller space, the gas is compressed 

(gets smaller). If you make its container bigger, the gas 

expands (gets bigger).

When the gas and liquid are pushed in a sealed syringe, the gas bubble gets 
smaller.

When the plunger of the sealed syringe is pulled, the gas bubble gets bigger.
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• If you want to move a gas from one place to another, you 

can seal it in a container so the gas does not leak out.

• Another way to move a gas would be to make your own 

wind. You could use an electric fan, or you could fan the 

gas with a stiff piece of paper.

• Gases form bubbles when they are in liquids. A bubble of 

gas under water has a volume, and it pushes the water 

out of its way.

• Like all matter, gases have weight. But they weigh very 

little for their size, compared to solids and liquids.
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Air

The Weight of Air in a Container

A liter of the air around you weighs about 1.2 grams. If your 

classroom was about 6 meters by 7 meters by 3 meters (or 

about 20´ × 23´ × 10´), it would hold about 150 kg of air 

(about 330 pounds).

You can compress air. This means you can squeeze more and 

more air into a sealed container. This is what SCUBA divers do 

with their air tanks. When a diver fills a SCUBA tank, she can 

squeeze 80 cubic feet (about 2.25 cubic meters) of air into a 

tank that is small enough to wear on her back. Depending on 

how deeply she dives, and how hard she breathes, this air can 

last 40–70 minutes while she is underwater.

A full SCUBA tank will weigh almost 3 kg (about 6 pounds) more 

than it did when it was empty. That is pretty heavy, for air.

              

            

             

            

      

            

           

   

           

        



Chapter ���

The Weight of Air Above and Around Us

It’s easy to measure the weight of air in a container like a 

SCUBA tank—just compare the weight of an empty tank to a 

tank stuffed with lots of air. People also measure the weight of 

air in the atmosphere.

In this satellite photo of  
Earth, this thin blue line  
is the Earth’s atmosphere 

Earth is surrounded by a layer of air called the atmosphere. 

Scientists estimate that the atmosphere is about 1000 km (or 

about 600 miles) thick. The air is held close to Earth by Earth’s 

gravity. The weight of this air causes the air to push on all the 

things that it touches. This is called air pressure, or atmo-

spheric pressure.

Since air flows easily around objects, air pressure pushes on 

things from all sides. Suppose you held out your hand in front 
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of you with the palm up. Above your palm is a column of air 

about 1000 km high. This causes the air to press down on the 

palm of you hand with a force of about 70 kg (150 pounds). 

But the air underneath your hand presses upward with the 

same force. These forces balance each other out—so you don’t 

feel the air pressing on your hand.

Air pressure does not crush you because you are made of sol-

ids, liquids, and gases. Solids and liquids do not compress. The 

gases in your body have the same air pressure as the air out-

side your body, so they push back against air pressure outside 

your body.

Matter Fact
Have your ears ever 

popped when you 

are in an airplane, or 

driving over a high 

mountain pass? This 

happens because air 

pressure changes at 

different elevations. 

When the air pressure 

inside your ears is not 

balanced with the air 

pressure outside your 

ears, your ears “pop” 

and the pressure 

becomes equal again.

A tool that measures air pressure is called a barometer. Air 

pressure changes from day to day. Changes in air pressure are 

one of the things people use to predict the weather. If air pres-

sure is high, it is less likely to rain than if air pressure is low. 

Air pressure is very low if you are in a hurricane.
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People Doing Science

Evangelista Torricelli

Evangelista Torricelli lived in Italy and knew Galileo. Torricelli 

made many achievements in science and mathematics. Among 

these, he created a vacuum (a space containing no matter). He 

also showed that air has weight.

How did he create a space with no matter in it? In 1641, Torricelli 

used mercury to fill a glass tube that was sealed on one end. He 

turned over the tube, setting the open end in a dish. Some of the 

mercury fell out of the tube into the dish, leaving a space at the 

sealed top of the tube. That space was a vacuum, a space that was 

not filled by mercury, air, or any matter.

Torricelli wondered why the rest of mercury did not fall out of the 

tube. He concluded that the weight of all the air above the dish 

was pressing on the mercury in the dish. That weight pushed the 

mercury into the tube.

Torricelli had invented the barometer. This tool measures air pres-

sure. In other words, it measures the day-to-day weight of the 

column of air above an object, which presses on the object from 

all sides.
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Air Is a Mixture of Gases

Air contains the oxygen we need to survive. But when you 

breathe in, oxygen is not the only gas that enters your lungs.

More than three-fourths (3/4) of dry air is made up of the gas 

nitrogen.

About one-fifth (1/5) of dry air is made up of the gas oxygen.

Other gases in the air include argon (about 1/100 by volume) 

and carbon dioxide (about 3/1000 by volume).

Air also contains tiny amounts of the gases neon, helium, 

krypton, hydrogen, and xenon.

Gases in Dry Air Amount by Volume
Nitrogen A bit more than 3/4 (78.08%)

Oxygen About 1/5 (20.95%)

Argon About 1/100 (.93%)

Carbon dioxide About 3/10,000 (.03%)

Other gases (neon, helium, krypton, 
hydrogen, and xenon)

About 1/10,000 (.01%)

The amounts of carbon dioxide and other gases are so small, they do  
not show up on the pie chart. They are in the black line between the  
argon and the nitrogen.
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Living Things Need Gases in the 
Air and Water

Humans and other mammals, birds, reptiles, amphibians, insects, 

and other land animals all breathe oxygen in the air. Their bodies 

exhale another gas, carbon dioxide (also called CO2).

Plants use carbon dioxide in the air. Through a process called 

photosynthesis plants use energy from the sun to change water 

and carbon dioxide into sugar and oxygen.

Matter Fact
Almost all that oxygen 

in the air around us  

(1/5 of the total gases in 

air) came from photo-

synthesizing plants!

Plants also need some oxygen to live, but they make so much 

extra that they give off oxygen gas as a waste product.

Fish and other underwater animals also need oxygen. Small par-

ticles of oxygen are dissolved in the water of lakes and oceans. 

When the water washes over the gills of underwater animals, 

their gills extract (get out) the oxygen. Like air-breathing ani-

mals, these underwater animals release carbon dioxide as a 

waste gas.

Underwater plants use the carbon dioxide gas mixed in the water 

for photosynthesis. Like plants on land, they give off extra oxygen 

gas as a waste product.

Water Vapor in the Air

Water vapor is another gas that is mixed in the air. The 

amount of water vapor in the air varies from place to place 

and from time to time. The amount of water vapor in the air is 

called humidity.

I Try This!
Water vapor is one of 

the gases you detect and 

exhale (breathe out). Have 

you ever noticed that 

when you breathe out, 

the air coming out of your 

nose is moist? See if you 

can detect the moisture in 

the air you breathe out.

The air around you has water vapor in it. Some places like 

New Mexico, Arizona, and Nevada usually have less water 

vapor in the air than some other places like Georgia, Illinois, 
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or Washington. But humidity changes all the time, no matter 

where you are.

In Arizona, which has a dry climate with little rainfall, the air usually has a low humidity.

In the state of Washington, which has a wetter climate and more rainfall, the humidity is 
usually higher than it is in Arizona.



Chapter ��0

Air Pollution

Sometimes human activity causes pollutants to be mixed in 

the air. Some pollutants are very small, solid particles. Other 

pollutants are gases.

Matter Fact
About half of all the 

air pollution in the 

United States is caused 

by cars and trucks. In 

some cities they cause 

about 80% of the air 

pollution.
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Some of the gases that get mixed into the air from people’s 

cars, power plants and factories are: sulfur dioxide, carbon 

monoxide, nitrogen oxides, and chemical vapors. If enough 

of these gases are in the air, people’s health can be affected.

Some air pollution happens inside! Indoor pollution can be 

caused by cigarette smoke or by appliances for cooking or 

heating. Sometimes paints, furniture, or other things in a 

home or office can also release vapors into the air.
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Technology and Inventions

Properties of Gases That Allow Flight

We are heavier than air, and so are most of the things that help us 

fly. But air can hold us and our flight machines up. Flying inven-

tions all rely on the properties of air.

Airplanes

Before an airplane can lift into the air, there must be air rushing 

over its wings. The way the air flows over the special shape of the 

wing lifts the airplane off the ground. That is why airplanes must 

move along the ground before they take off.

Lift

Once an airplane is in the air, it must continue to move forward so 

that air rushes over its wings. That is why airplanes have engines 

with propellers or jets—to pull or push them through the air.

Gliders

Gliders do not have engines. One way to get a glider into the air is 

to tow it behind a self-powered airplane. Once the glider is in the 

air, it separates from the airplane that helped it get into the air.

Just like a self-powered airplane, a glider must have air rushing 

past its wings to stay in the air. Gliders ride on currents of rising 

air. These currents can happen in places where there is warm air 

rising, or where wind has rushed over a ridge or hill.
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The plane at the top of the picture is a tow plane. It has just released a tow rope from 
the glider at the bottom of the picture.

Different kinds of clouds occur under different temperature and 

wind conditions. Glider pilots use the clouds to predict where a 

glider will fly well.
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Balloons

Balloons rely on other properties of gases to fly.

Hot air balloons are filled with heated air. When air is heated, it 

expands. In other words, the weight of the air does not change, 

but its volume gets bigger. This makes the warm air inside the bal-

loon lighter for its volume than the cooler air outside the balloon. 

The hot air balloon floats on the cooler air.

Other balloons are filled with helium gas or hydrogen gas. Just like 

a helium balloon that you get at a party, these balloons float on 

air because the gas in them is lighter for its volume than the sur-

rounding air.
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People Doing Science

Wilbur and Orville Wright

How does an airplane fly? If you research this question, you’ll find 

that the answers are not simple.

Orville and Wilbur Wright tackled the problem in 1899. First 

they studied the experiments of others. They figured out which 

problems they needed to solve, and got to work.

Wilbur and Orville Wright. The brothers worked on their airplane at the Wright Cycle Co. 
in Dayton, Ohio, where they built and sold bicycles.
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The two brothers did not begin by building an airplane. Instead 

they made and tested models of different designs to find solutions 

to the different problems. They built a five foot kite to test their 

idea that twisting the wings of an aircraft could help control and 

steer it. They built a wind tunnel to test models of different wing 

shapes and propeller shapes. Each year from 1900 to 1902 they 

built and flew a new glider to bring their ideas together. By testing 

models and gliders, they didn’t have to build and crash entire air-

planes to see whether their ideas were correct.

This is the glider that the Wright brothers built in 1900 to test whether their wing design would have good lift. In this 
picture they are flying it as a kite. They also took turns laying down on the bottom wing and flying their gliders. This 
helped them develop their skills as pilots.
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After Wilbur and Orville had figured out solutions to different 

problems, they built an airplane, with an engine that they also 

built themselves. They called their airplane the Flyer. They took it 

to Kitty Hawk, North Carolina, to test it. On December 17, 1903, 

with Orville as pilot, their airplane flew 120 feet in 12 seconds. 

This was the first controlled flight of a self-powered airplane.

The Wright Flyer making its first flight.

They flew three more times that day. In the final flight, Wilbur flew 

852 feet in 59 seconds. Wilbur and Orville Wright had made the 

first successful airplane.
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Density

Imagine that you were blindfolded, and someone handed you 

two cubes of the same size.

One cube is freezing cold, wet, and slippery. You know right 

away what it is.

The other cube is smooth, a little cool, and very heavy. You 

think it might be some kind of metal.

Your blindfold is removed…And you see that in one hand you 

have a cube of ice. In the other hand you hold a cube of gold.

While blindfolded, you sensed several of the properties of each 

cube: its size, its shape, its weight, its temperature, its texture. 

You also sensed its density.

�
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Size and Weight

Suppose your cubes of ice and gold were exactly 1 cm wide,  

1 cm long, and 1 cm tall. In other words, each is a cubic centi-

meter, or a cc.
1 cm

1 cm

1 cm

You may have used cubic centimeters before in math class.

1 cubic centimeter (1 cc)

The smaller cube is 1 cubic centimeter. The larger cube is 1000 cubic centimeters. If the 
larger cube were a box, it could hold one liter (or 1000 ml) of liquid. Your cubes of ice 
and gold would be the size of the smaller cube.

If you weighed the ice and gold, this is what you would find:

1 cc of ice weighs a little less than 1 gram

1 cc of pure gold weighs a little more than 19 grams

The gold is much heavier for its size than the ice. In other 

words, the gold has a larger density than the ice.
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What Is Density?

Density is how heavy or light something is for its size. If you 

were to write it down in the language of mathematics, it would 

look like this:

Mathematics 
 Connection

“Density equals 

weight per volume” or 

“density equals weight 

divided by volume” 

are different ways of 

saying the same thing.

Density = weight per volume

Or:

Density = weight/volume

The metric units for density are:

Mathematics 
 Connection

Another way to write 

g/cc is g/cm3.

grams/cubic centimeter

Or:

g/cc

The U.S. Customary Units for density are:

pounds/cubic foot

Or:

lbs/ft3
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Density of Ice and Gold

Think again about the size and weight of your two cubes.

1 cc of ice weighs a little less than 1 gram (0.9 g)

1 cc of pure gold weighs a little more than 19 grams (19.3 g)

You could write down the same information as density:

Mathematics 
 Connection

If you want to say g/cc 

aloud, say “grams per 

cubic centimeter.”

Density of ice = about 1 g/cc

Density of pure gold = about 19 g/cc

If you wanted your gold and ice to have the same weight, you 

would need more than 19 times as much ice as gold.
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Densities of Common Materials

Look at this table and think about the different materials. 

Does it make sense that air has a very small density? Does it 

make sense that wood has a smaller density than water? Does 

this data match what you know about what it feels like to hold 

one of these materials?

Material Weight of 1 liter 
(or 1000 cubic cm)

Density (grams per 
cubic cm)

Dry air 1.2 g 0.0012 g/cc

Wood (oak) 700 g 0.7 g/cc

Vegetable oil 900 g 0.9 g/cc

Ice 900 g 0.9 g/cc

Water at 4ºC (39ºF) 1000 g (1 kg) 1.0 g/cc

Glass 2600 g (2.6 kg) 2.6 g/cc

Aluminum 2600 g (2.6 kg) 2.6 g/cc

Stainless steel 8000 g (8 kg) 8.0 g/cc

Silver 10,500 g (10.5 kg) 10.5 g/cc

Gold 19,300 g (19.3 kg) 19.3 g/cc

Matter Fact
Two things that are made of the same material have the same density, no matter 

what their size is.

• A toothpick and a tree have the same density if they are the same kind of wood.

• An ice cube and an iceberg have about the same density.

Matter Facts
• Ice has a smaller density than liquid water because water expands as it freezes. 

That’s why ice floats.

• Water has its largest density at a temperature of 4ºC (39ºF).
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People Doing Science

Archimedes, Again

Think back to the story of Archimedes earlier in this book (on 

page 34). He knew the weight and volume of the gold that had 

been given to the goldsmith. The wreath made by the goldsmith 

had the same weight as the original gold bar, but Archimedes dis-

covered that it had a larger volume. So Archimedes knew that the 

wreath had a smaller density than the gold bar had. He knew  

the wreath was not pure gold, and that some of the gold had 

been replaced by a material with smaller density.

Technology and Inventions

Hot Air Balloons, Again

Think back to the information about hot air balloons earlier in 

this book (on page 54). Air expands when it is heated. Its weight 

doesn’t change, but its volume gets larger. In other words, hot air 

has a smaller density than colder air. That’s why hot air balloons 

float in the cooler air that surrounds them—just like wood floats 

on water.



��

Matter Changes States

Solids and Liquids: 
Melting and Freezing

When ice cubes melt, they change state. Solid ice becomes 

liquid water. Likewise, when liquid water freezes, it changes 

state. Liquid water becomes solid ice.

�
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How do you change ice to liquid water? 

Heat it until it melts.

How do you change liquid water to solid ice? 

Cool it off.

The same is true for other materials. You can change a solid to 

a liquid by heating it until it melts. You can change a liquid  

to a solid by cooling it until it freezes.

Steel, copper, and other metals become liquid at very high 

temperatures. Melted metal becomes solid again when it  

cools.

Steel pliers are solid.
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This copper pot is solid.

When metals like steel and copper are melted, they become glowing, hot liquids. Melted 
metal is pouring from this container.

        

    

         

  

             

              

        

          

         

   



Chapter ���

           

           

       

             

             

            
           

 

         

       

       

 
              

              

                 

                  

  
   

    

     

    

     

     

     

     

     

     

 

    
 

   
 

 

Lava is melted rock. When it cools, it becomes solid.

Word Connection
We usually don’t think 

of rocks as “frozen.” 

But sometimes sci-

entists use the word 

“freeze” to describe 

the change of any 

liquid to any solid. If 

you think of it this way, 

all of the solids around 

you are frozen!

Lava flows in glowing, hot streams.

 
The shape of cooled, solid lava shows that it was once a thick liquid.
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Think about the differences you can see in the pictures. When 

a material changes between its solid state and liquid state, it 

looks very different and it has different properties.

But the matter in the material is the same matter. It’s the same 

water whether it’s a lump of ice or a puddle. It’s the same cop-

per whether it is a copper pot or red-hot liquid copper. Hot, 
 liquid lava is the same material when it becomes cooled volca-

nic rock.

Different materials change states between solid and liquid at 

different temperatures. The temperature where this happens 

for each material is called its melting point.

Matter Fact
A melting point can also be called a freezing point. Melting and freezing between 

solid and liquid occur at about the same temperature. The difference is whether heat 

is being added or taken away. If the material is getting colder, it is freezing from a 

liquid to a solid. If the material is getting warmer, it is melting from a solid to a liquid.

T Think About It!
Room temperature is 

about 20°C (68°F). Look 

at the materials with a 

melting point higher than 

this. What state of matter 

do you usually see them 

in? Look at the materials 

with a melting point lower 

than this. What state of 

matter do you usually see 

them in?

Melting Point in  
Celsius Degrees

Melting Point in 
Fahrenheit Degrees

Steel 1371°C 2500°F

Copper 1083°C 1981°F

Paraffin wax 43–71°C 110–160°F

Chocolate 25–35°C 77–95°F

Water 0°C 32°F

Mercury –39°C –38°F

Alcohol –114°C –173°F
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Water Is Special

Water is unusual. Most materials are commonly found in just one 

or two states of matter. For example, you will only see liquid steel 

if someone has made the steel very, very hot.

Water exists naturally on Earth in all three states. Depending on 

temperature and other conditions such as humidity and air pres-

sure, it often changes from one state to another.

We are lucky that water is like this. Water’s special properties make 

life on Earth possible.

Liquids Change to Gases: 
Evaporation and Boiling

When liquid water evaporates, it changes state. Liquid water 

goes into the surrounding air as a gas called water vapor.

Water can evaporate at any temperature. Tiny particles from 

the water’s surface go into the air as water vapor. Water evap-

orates very slowly when the temperature is only a little above 

0°C, but faster when the temperature is warmer.

When its temperature is hot enough, water begins to boil. When 

water boils, it starts changing to water vapor throughout 

the water, not just at the surface. Bubbles of water vapor form 

in the liquid water. These bubbles of gas then rise to the sur-

face of the liquid water.
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In this picture of boiling water, the bubbles you see are not 

air. They are bubbles of water vapor that have formed in the 

liquid water, and are rising to the surface. At the surface, the 

water vapor mixes with the surrounding air.
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The boiling point of a liquid is the temperature where it starts 

to change to gas throughout the liquid (not just at the sur-

face). The boiling point is different for different materials.

Matter Fact
The boiling point of 

a material changes 

if the air pressure 

around it changes. 

At high altitude (for 

example, high in the 

mountains), where the 

air pressure is lower, 

liquids boil at a lower 

temperature than they 

do at sea level.

Liquid nitrogen boiling at room temperature. The bubbles in the liquid are  
bubbles of nitrogen gas.

Nitrogen is a gas that makes up most of air. If it is cooled and 

put under pressure, it becomes liquid nitrogen. If it is then put 

in a warmer place, liquid nitrogen boils. In this photograph, 

you can see bubbles of nitrogen gas forming in the liquid 

nitrogen and rising to the surface, to escape into the air.

Boiling Point in 
Celsius Degrees

Boiling Point in 
Fahrenheit Degrees

Copper 2567°C 4653°F

Water 100°C 212°F

Alcohol 79°C 175°F

Carbon dioxide –79°C –109°F

Nitrogen –196°C –322°F
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Gases Change to Liquids: Condensation

When water vapor changes to liquid water, it condenses. Con-

densation is affected by temperature. When water vapor moves 

into air that is suddenly colder, it collects into tiny drops of liq-

uid water in the air. When water vapor meets a cold, solid sur-

face, it collects in tiny drops of liquid water on the cold surface.

Look at this photograph again.

The clouds that you can see above the boiling water are not 

water vapor—water vapor is invisible. You can see steam 

because the water vapor that came out of the liquid water 

has gone into cooler air. The cooler temperature causes some 

of the particles of water vapor to condense into tiny drops of liq-

uid water, or visible steam. The liquid water drops in steam 

are small enough that they can float in air, but big enough 

that you can see them. As the visible drops float into the air, 
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they evaporate quickly back to water vapor—so you can’t see 

them any more.

Sometimes when you go outside in the morning, you see dew. 

Dew is water vapor from the air that has condensed on sur-

faces that are colder than the air.

Water vapor in the air condenses when it meets a colder, solid 

surface. You may see water condense on the windows inside 

your car on a cold day. You may see water vapor condense on 

the outside of a cold glass.
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I Try This!
Become a condensation detective. 

Case 1: Elise’s little brother left a toy on the porch on a rainy day that then turned sunny. 

The toy did not get wet, but Elise noticed that some water had appeared inside the toy’s 

plastic helmet. Where did the water come from?

Case 2: Alex went outside early one morning. The day was sunny, and there had been no 

rain all night, but there was water on the plants. Where did the water come from?

(See page 80 for the solutions to these mysteries.)



Chapter ���

Water in the Air, Water in the Clouds

Water vapor is a gas, so it moves freely in the air. The air around 

you has water vapor in it.

Higher in the atmosphere, the air gets colder. Water vapor high in 

the air condenses around tiny pieces of dust, forming tiny drops of 

liquid water. These tiny drops of water form clouds.

If the water drops in clouds get big enough, they fall to the surface 

of the earth as rain.

Solids Change to Gases: Sublimation

Sometimes a solid releases little particles of gas into the air. 

This is called sublimation.

Have you ever noticed an old ice cube in the freezer that has 

shrunk? Some of the solid ice went into the air as water vapor. 

This happens to glaciers as well as ice cubes.

Another material that sublimates is dry ice. Dry ice is carbon 

dioxide in its solid state. When it is placed in warm air or in 

water, it turns into a gas instead of melting into a liquid.

The spoon holds solid carbon dioxide, which is also called “dry ice.”
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Many, many solids sublimate. If you can smell the materials 

inside a new car, or smell new carpeting, it could be because 

the solids have released vapor into the air.

Gases Change to Solids: 
Frost and Snow

Frost is a lot like dew. The difference is that when the water 

vapor comes out of the air and the surface it collects on is 

colder than 0ºC (32ºF), the water freezes immediately. It 

changes state from a gas to a solid. When water does this, it 

forms ice crystals.
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Snow forms when water condenses in clouds and freezes  

right away, instead of forming raindrops. Snowflakes are  

ice crystals.

The Particles of Matter

All matter is made up of tiny pieces that are too small to see. 

These are called atoms and molecules.

Word Connections
atom—A small particle of matter. The matter around you is made up of different 

combinations of about 90 kinds of atoms. Some materials are made of just one kind 

of atom, and others are made of several kinds of atoms. Scientists have discovered 

over 100 kinds of atoms, some of which only exist for a short time under special 

conditions.

molecule—Atoms linked together to make small particles of a material. A water 

molecule is made of two hydrogen atoms and one oxygen atom, held tightly 

together. That is why it is sometimes called H2O (H for hydrogen and O for oxygen). 

The molecules that make up a single substance (like water) are all the same.
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Water is made of water molecules. The same molecules can be 

solid ice, liquid water, or water vapor (a gas). This is true for any 

material—if the material changes states, it is still made up of the 

same molecules.

If a material is in its solid state, the molecules are packed together 

and stay in place. They jiggle a little in place, but they don’t slide 

around each other. So the material cannot flow, and it keeps its 

shape.

If a material is in its liquid state, the molecules are held close to 

each other, but they slide around. Since the molecules are not 

locked into place, the material can flow. Since the molecules are 

still held close together, the volume of a liquid doesn’t change 

when it is moved to another container.
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If the water is a gas, the molecules are far apart with empty space 

between them. They move around freely in all different directions, 

so the gas can flow, can expand (get bigger), or can be com-

pressed (get smaller).

Matter Fact
When water evapo-

rates, molecules of 

H2O float into the air 

as water vapor. But 

the molecules do not 

break apart. Each mol-

ecule is still made of 

one oxygen atom and 

two hydrogen atoms.

Solutions
Solution to Case 1 on page 75: On this rainy day, moist air entered the toy’s 

helmet. After the rain stopped, the air inside the helmet warmed up faster than  

the helmet itself, and water vapor from that air condensed inside the helmet. If  

there was also condensation outside the helmet, it evaporated before Elise saw it.

Solution to Case 2 on page 75: As the sun came up in the morning, it warmed 

the air but it did not warm the night-cooled plants on the ground. Water vapor  

from the air condensed on the cold plant leaves, forming drops of liquid water.
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Mixtures

Mixtures Where You Can See 
the Ingredients

A mixture is a combination of different things.

Can you identify different things in this mixture?

�
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Each material in a mixture has its own properties. The tomato 

pieces all have a certain shape, color, size, smell, taste, tex-

ture, and temperature. These properties make them similar to 

all the other tomato pieces. The same properties make all the 

tomato pieces different from all the onion pieces.

Properties of Tomatoes and Onions in a Salad Mixture

Properties Tomato Pieces Onion Pieces
Shape Sections of a sphere Round “hoops”

Color Red White

Size About 2 cm across About 5 cm across

Smell Tomato-y Onion-y

Taste Tomato taste Onion taste

Texture Squishy Crunchy

Temperature Room-temperature Room-temperature

Suppose you wanted to take the onions out of the salad. Can 

you use the properties of onions to help you do the job? What 

methods can you use to remove the onions?

If using this 
property…

Then you could use this method to remove 
onion pieces…

Shape Put a chopstick through the onion “hoop” and flick each 
onion piece out of the salad.

Color Look for white pieces and take them out of the salad with 
your fingers.

Size Get a strainer with holes less than 5 cm across and shake 
the rest of the salad through the holes.

Smell Close your eyes and sniff each piece, placing onion-y 
pieces in a separate pile.

Taste Close your eyes and lick or nibble each piece, placing 
onion-y pieces in a separate pile.

Texture Close your eyes and squish pieces between your fingers, 
placing crunchy pieces in a separate pile. Since the lettuce 
is also crunchy, you may need to use another property to 
separate the lettuce from the onions.

Temperature You can’t use this property to tell which items are onions 
because the whole salad is the same temperature.
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Now look at this other mixture and think about the materials 

in it. How are the materials similar? How are they different? 

How many ways could you sort the mixture?

You could sort the mixture by size. You might place the large 

objects in one pile, the medium objects in another pile, and 

the small objects in a third pile.

Or, you could sort the mixture by materials. You could make 

a pile of metal, a pile of mostly plastic, and a pile of every-

thing else.

Or, you could sort the mixture by color. For example, you 

could place white things in one pile, brown things in another 

pile, etc.

How useful would each of these ways of sorting be? It would 

depend on what you wanted to do. If you wanted to recycle 

the materials, it would be useful to separate them by mate-

rial. If you wanted to use the mixture to create a junk-art 

sculpture, it might be useful to separate it by color. If you 
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wanted to transport the mixture, it might be useful to sort it 

by size.

Here is another mixture to think about.

In this mixture, the pieces are made of the same material. 

They have the same size, shape, weight, and density.

How many ways can you think of to sort this mixture? You 

can sort it by color, or by whether each piece has letters on 

it or not, or by some other visual property. You’ll have to use 

your eyes because you probably won’t be able to tell the pieces 

apart using any other senses or tools.

Since the pieces are similar to each other, there are fewer 

properties you can use to tell them apart. There are also fewer 

methods you can use to separate the pieces. When mixtures 

are made of materials that have similar properties, it may be 

harder to separate them.
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Technology and Inventions

During the California Gold Rush, prospectors found gold in river 

gravel. Today, recycling plants turn recyclable trash into clean, 

sorted packages of paper, aluminum, and other materials that can 

be reused. In both cases, success depends on how well people can 

sort mixtures.

Panning for Gold

In 1848, gold was discovered on the American River in the Sierra 

Mountains of California. Prospectors rushed to the gold fields to 

make their fortunes. Some of the methods they used to separate 

tiny flakes of gold from river gravel are still used by people who 

look for gold as a hobby.

Straining: Most of the gold is in tiny pieces. Prospectors shovel 

wet gravel through a strainer to remove the big pieces of rock. 

They catch the water and mud (and gold) in a bucket under the 

strainer.

Sluicing: A sluice is a long tray made of wood or metal that is 

open at the ends. Sometimes, prospectors set up a sluice so that 

water from the river washes through it. On the bottom surface 

of the sluice are ridges or wire mesh. Prospectors pour buckets of 

water and gravel into one end of the sluice. As the moving water 

washes the mixture through the sluice, the lighter mud is carried 

away with the water. The heavier materials (including the gold) 

sink to the bottom of the sluice and get trapped by the ridges or 

wire mesh.

This prospector is carefully removing wire mesh from the bottom 

of a sluice. He hopes to find gold in the mixture that was trapped 

by the wire mesh.
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Panning: Next, prospectors clean out the bottom of the sluice to 

get the remaining mixture of fine gravel (and gold!). They place 

some of it in a pan. Then they hold the pan under water and swirl 

it. They let muddy water wash out of the pan, but don’t let the 

water wash the whole pan out. The gold—heavier than the other 

particles—settles at the bottom of the pan.

Removing Treasures from Trash

Recycling is good for many reasons. It reduces the amount of 

garbage that needs to be buried in landfills. It saves natural 

resources, because it reuses old materials instead of making new 

ones. If a recycling company can do their job efficiently, they can 

make money selling packages of clean, sorted materials.
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A modern recycling plant uses many methods to sort mixtures. 

Machines spin the materials and blow them with air to separate 

paper from heavier cans and bottles. Magnets remove steel cans. 

A machine called an “eddy current separator” actually repels 

(forces away) aluminum cans and causes them to fly out of the 

mixture. Conveyer belts carry mixtures past people who sort 

materials by hand.

Once the materials are separated, they are packed into huge 

bales, or bundles, of aluminum, steel, plastic, and different kinds 

of paper. These are ready to be made into new products.
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Mixtures Where You Can’t See the 
Ingredients: Solutions

A solution is a special kind of mixture. In a solution, the 

ingredients mix so well that you can’t tell them apart.

When you mix powdered drink mix and water, it forms a solu-

tion. The powder dissolves in the water. That means it breaks 

into pieces so tiny, you can no longer see them. The powder 

and water have formed a mixture in which the two materials 

seem like one material. Once it is in a solution, the powder 

won’t settle out of the liquid even after the mixture sits for a 

while.

   

The solution has properties of both its ingredients. It gets color 

and flavor from the powdered drink mix. It has all the proper-

ties of a liquid, just like the water in the mixture.
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Salt and water also form a solution when they are mixed. 

When you mix salt and water together, the salt breaks into 

pieces that are too tiny to see in the water.

   

If you kept adding salt to the water, eventually the salt would 

stop dissolving. The water can hold a certain amount of salt. 

Water that is holding all the salt that it can hold is called 
 saturated. After that, if more salt is added, it will not dissolve 

but will stay in the form of salt crystals. These will sink to the 

bottom of the container.

Word Connection
Dissolving and melting are not the same.

• When you drop an ice cube into water, it melts. The solid ice changes state; it 

becomes liquid water. Then it mixes with the rest of the water.

• When you drop a spoonful of salt into water, the salt mixes into the water and dis-

solves. It breaks into pieces that are too tiny to see. It has not changed from being 

salt. If you evaporated the water out of the mixture, the salt would be left behind.

Salt water is a solution that occurs naturally all over the 

world. Salt water is solid salt dissolved in liquid water.
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Salt in Lakes, Seas, and Oceans

Ocean water is salty. The salt comes from minerals that wash off of 

rocks and dirt and into the ocean.

Most lakes are not salty—they are filled with what is called fresh 

water. Minerals wash into lakes from the land, the same way they 

wash into the ocean. But most lakes have places where water 

flows out of the lake as well as into the lake. Since the water 

comes and goes, salt does not build up in most lakes.

Some bodies of water do not have places where the water flows 

out. Like the oceans, salt builds up in these bodies of water. Water 

evaporates from these lakes and seas, but the salt stays behind. 

Some of these lakes and seas are so salty that the water has a 

much larger density than fresh water or ocean water. If you go 

swimming in them you cannot make yourself sink!

Salt in One  
Kilogram of Water 
(1000 grams)

Salt in One Pound  
of Water

Lake Michigan Very little Very little

Ocean 35 grams About ½ ounce

Great Salt Lake, UT 220 grams* Between 3 and 4 ounces
*  The saltiness of Great Salt Lake varies from year to year. If there is a lot of rain or snow and 

the water level of the lake rises, the lake is less salty. Great Salt Lake is salty because water only 
leaves the lake through evaporation, not by flowing out.

  

           

         

             

           

    

      

         

        

       

       

    

       

       

        

         

        

         

   

       

       

         

       

  



��Mixtures

     

             

      

            

            

           

              

          

            

             

           

              

            

       

    
   

 

     
 

   

   

        
                       

                    
        

Technology and Inventions

Desalination

Most people get drinking water from fresh water sources like lakes, 

rivers, and groundwater. Some places don’t have steady sources 

of fresh water. In some of these places people take water from the 

ocean, and then remove the salt. The process of removing salt 

from water is called desalination.

Desalination can be good for the environ-

ment in places where there is only a little 

fresh water. Since people don’t need to use 

up the groundwater or other fresh water 

sources, that water is available to animals 

and plants that need it.

Desalination can also be harmful to the 

environment. After the fresh water has been 

separated from salty water, there are lots of 

salts and minerals left over. If this waste is 

dumped back into the ocean, it can harm 

plants and animals in the area of the ocean 

where it was dumped.

Desalination takes energy. A plant that uses 

fossil fuels uses natural resources and adds 

pollution to the air. A plant that uses solar 

energy does not, but may be more expen-

sive to build.
Water desalination plant near the Caspian Sea



Chapter ���

Sloppy Mixtures

Is It a Solid or a Liquid?

Some mixtures can act like a solid in some ways, and a liquid 

in other ways.

A lump of soggy clay acts like a solid because it holds its own 

shape. But if you let it sit on a table it might sag or flatten. It 

has properties of both a solid and a liquid.

If you leave a ketchup bottle upside down, the ketchup will 

flow down and fill the bottom of its container, like a liquid. 

But ketchup will form a pile on your plate—like a solid—if you 

squeeze or pour it out of its bottle.

Word Connection
An isotropic (iy-suh-

TROHP-ik) mixture acts 

more like a solid if it is 

shaken or pushed. A 

mixture of cornstarch 

and water is like this.

A thixotropic (thick-

suh-TROHP-ik) mixture 

acts more like a liquid if 

it is shaken or pushed. 

Ketchup and quicksand 

are like this.

           

        

         

     

 
      

     

   

     

    

    

      

    

   

            

          

           

         

         

            

           

         

 
   

 
        



��Mixtures

 

      

             

  

              

                

        

           

            

            

       

 
  

   

       

    

   

    

  

  

      

     

   

  

Quicksand!

Quicksand is a mixture. In fact, it is just sand and water.

Quicksand happens under special conditions. A spring of 

underground water pushes water into the sand from below, 

making a sand and water soup.

I Try This!
Next time you are at the 

beach or near a sandbox, 

experiment with sand 

and water. What are the 

properties of dry sand? 

What are the properties 

of wet sand? What are the 

properties of sand mixed 

with lots of water?

If you were to fall into this sloshy mixture feet-first, you would 

sink. Unlike liquid water, quicksand would hold your feet in 

the mixture, making it harder to escape. Unlike solid sand, the 

quicksand wouldn’t hold you up—unless you knew what to do!

Thrashing around in quicksand would make you sink faster. 

But if you relaxed and carefully lay down on top of the quick-

sand, you would float. In fact, quicksand is denser than water, 

and you would float better than you would on water.

 
Dry sand Wet sand

 
Lots and lots of wet sand Very wet sand
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People Doing Science

Marie Curie

Marie Sklodowska Curie (1867–1934) is one of the most 

famous scientists in modern times. She is most famous for her 

discovery of radium. First, she identified the substance through 

its properties. She then separated it from the other materials it 

occurred with in nature.
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Marie was born in Poland, but moved to France to study science. 

In France, she met and married another scientist, Pierre Curie. 

Working as a team, they accomplished more than they could  

have alone.

While Marie was a graduate student, she began to study a new 

type of radiation that had recently been discovered. Using equip-

ment invented and built by Pierre, she measured the radiation 

given off by several materials. Breaking the materials down by 

different methods, she separated them into substances that gave 

off stronger and stronger radiation. In this way, in 1898, she 

discovered two new kinds of matter. She named the first “polo-

nium,” after Poland. She named the second “radium,” after the 

Latin word for “ray.” Radium gave off more radiation than any-

thing yet discovered. Her discoveries began the study of nuclear 

energy and the inside of atoms.

To get pure samples of radium, Marie and Pierre set out to sepa-

rate it from a radioactive ore called pitchblend. It was difficult, 

tedious work. After more than three years, by processing tons 

of pitchblend, they got about one-fiftieth of a teaspoon of pure 

radium.

The Curies and other scientists who first worked with radioactive 

materials did not realize that it would affect their health. Radiation 

made both Marie and Pierre sick. Even now, Marie’s notebooks are 

so radioactive that scientists who want to study them must wear 

special protective clothing.

Today, people who work with radiation follow strict safety rules. 

Many uses for radiation have been developed. Among other 

things, it is used to treat cancer.
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Physical and Chemical Changes

Ways that Matter Changes

So far in this book you’ve read about many ways that matter 

changes. Here are just a few:

You can change the shape of a solid. You can tear up a piece 

of paper, or flatten a piece of clay.

�
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You can change the shape of a liquid. All you have to do is put 

it in a different container.

You can change the shape and volume of a gas. All you have 

to do is change the shape of its container.
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A solid can be melted into liquid. Just add heat.

Lava is melted rock.

A liquid can be frozen into a solid. Just take away heat.

Cooled lava rock

A liquid can evaporate, becoming a gas. If you boil a liquid, it 

will become a gas faster.
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A gas can condense if it is cooled, becoming a liquid.

When you make some mixtures, you can see the individual 

ingredients.

When you make some mixtures of liquids and solids called solu-

tions, the ingredients blend so well you can’t tell the pieces apart.
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You can make mixtures (such as cornstarch and water)  

where you can no longer recognize the ingredients.

Do you think there are more ways that matter can change? 

There are.

Physical Changes

All of the changes you’ve read about so far are physical changes. 

In a physical change, a substance may change properties. But the 

substance itself still exists. When liquid water changes to water 

vapor, it is still water. When sugar is dissolved into water, making 

a solution, the sugar is invisible but it is still sugar.

Many physical changes are reversible. Water vapor can 

change back into liquid water. You can evaporate the water 

out of a sugar solution, and get the sugar back.
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Chemical Changes

There are other kinds of changes to matter that happen all 

around you, every day. These are chemical changes. In a 

chemical change, different materials come together to create 

something new.

A Classic Investigation of a Chemical Change

One example of a chemical change is mixing vinegar and 

baking soda.

In this setup, the plastic bottle has a little vinegar in it. This 

young scientist is spooning some baking soda into a balloon.
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After she puts the baking soda into the balloon, she places 

the balloon over the mouth of the plastic bottle, sealing the 

bottle. At this point, the baking soda and vinegar are still 

separate.
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When she is ready, she lifts the balloon and allows the baking 

soda to fall into the vinegar at the bottom of the bottle. Imme-

diately, things begin to happen.

• The mixture fizzes furiously. Bubbles rise up in the bottle.

• The balloon suddenly inflates with a gas.

• The liquid at the bottom of the bottle gets cooler.

What Happened?

Mixing vinegar and baking soda creates a chemical change. This 

young scientist started with a liquid (vinegar) and a solid (bak-

ing soda). When she was finished she had a cold liquid, lots of 

bubbles, and a new material—the gas which filled the balloon.

Some of the liquid at the bottom of the container is no longer 

vinegar. The baking soda has not only dissolved—it is no lon-

ger baking soda. The gas filling the balloon is carbon dioxide 

that was created during the chemical change. In addition to 

all these changes, heat was lost from the vinegar.
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When substances change into new materials, a chemical 

change has occurred.

Other Examples of 
Chemical Changes

Here are some pictures of chemical changes in action.

In this picture a scientist has mixed a solid (sodium bicarbonate)  
with a liquid (hydrochloric acid). This chemical reaction creates  
carbon dioxide gas, which you can see in the tiny white bubbles  
in the test tube.
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In this picture a chemical reaction is occurring in the test tube. One result of this 
chemical reaction is that light is produced.

Matter Fact
A glow stick or a light necklace contains substances that create a chemical reaction 

that produces light. When you bend a glow stick to make it start glowing, you are 

causing these ingredients to mix. Mixing them starts the reaction that makes the 

glow stick glow.
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Rusting is a chemical change. If the surface of iron gets in contact with oxygen and 
water, it can change to rust over time. Rust is a different material than iron.
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Burning is a chemical change. When wood burns it changes to smoke and ashes. After wood 
burns, it is no longer the same material. Burning can only happen if oxygen is present. Oxygen 
is one of the ingredients of this chemical change. Heat is one of the things produced in this 
chemical change. The gas carbon dioxide is also produced.
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Physical and Chemical Changes 
Happen Everywhere

Chemical changes happen around and inside of you all the 

time, just like physical changes do.

Try following an apple through a day.

• Suppose you slice up an apple and put it into your lunch 

box. (Slicing the apple is a physical change.)

• As it sits in your lunchbox, the apple turns a little brown. 

(This is a chemical change.)

• At lunchtime, you chew up the apple and swallow it. 

(Chewing the apple causes another physical change.)

• Your body then digests the apple, turning it into energy 

for you and waste that your body gets rid of. (As your 

body digests the apple, chemical and physical changes 

happen.)

I Try This!
Can you write a story like 

the apple story or egg 

story above? You could 

write about a bicycle that 

gets made in a factory, 

and then is left out in the 

rain. Or you could write 

about a piece of wood 

that gets chopped up 

and burned, and then 

gets blown around by the 

wind. Or…you could think 

of your own story.

Or, suppose you make scrambled eggs.

• First you break the eggshells, put the eggs in a bowl, and 

mix them up. (These are physical changes.)

• Then you cook the eggs on a stove. (Cooking causes a 

chemical change in the eggs.)

• When the eggs are done, warm steam comes out of them, 

and then disappears into the air. (This is a physical 

change.)

And, of course, eating the eggs and then digesting them causes 

the same sorts of physical and chemical changes that occurred 

with the apple.
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Tools of Science

The Metric System

Word Connection
• “milli-” means 1/1000. 

A milliliter is 1/1000 of 

a liter.

• “centi-” means 1/100. 

A centimeter is 1/100 

of a meter.

• “kilo-” means  

one thousand.  

A kilogram is  

1000 grams.  

A kilometer is  

1000 meters.

Scientists use metric units when they make measurements. 

When scientists measure distance, they use centimeters 

and meters instead of inches and feet. When they measure 

volume, they use milliliters and liters instead of pints and 

gallons. When they measure weight, they use grams and 

kilograms instead of ounces and pounds. When they mea-

sure temperature, they use Celsius degrees (°C) instead of 

Fahrenheit degrees (°F).

There are a couple of reasons for this.

�
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One reason is that metric units are related to each other by 

multiples of ten. This makes calculations much easier—a sci-

entist can easily convert (change) one metric unit to another 

metric unit.

Metric System U.S. Customary System
Converting volume measurements is 
easy in the metric system:

1000 ml = 1 liter

Example: 3300 ml = 3.3 liters

It is harder to do in the U.S. system:

64 fluid ounces = 1 gallon

Examples: 
100 fluid ounces = 64 fluid ounces 
+ 36 fluid ounces = 1 gallon and 36 
fluid ounces

Converting measurements of length 
and distance is also easy in the metric 
system.

1000 meters = 1 kilometer

Example: 4000 meters = 4 kilometers

The U.S. system for length and 
distance measurement is more 
complex.

5280 feet = 1 mile

Example: 10,000 feet = 1.9 miles

Another reason that scientists use the metric system is because 

they share their work with other scientists around the world. 

The metric system is used by most countries. It would be con-

fusing if scientists from one country used a different system of 

measurement than scientists in other countries.



���Tools of Science

Measuring Volume

Mathematics 
 Connection

There are two ways to 

write cubic centimeter:

• cc

• cm3

Volume is the amount of space that an object occupies. Two 

units for volume in the metric system are the cubic centimeter 

(cc) and the milliliter (ml). Usually cubic centimeters are used 

to measure the volume of solids, and milliliters are used to 

measure the volume of liquids.

The volume of one milliliter (1 ml) is the same as a cubic cen-

timeter (1 cc).

 
This cube is one cm long on each edge, or one cubic  
centimeter (1 cc). If it were a box, it could hold one  
milliliter (1 ml) of liquid.  

Containers are used to measure milliliters.

There are 1000 milliliters in one liter. A liter has the same vol-

ume as 1000 cubic centimeters.

 
If a 1000 cc cube were a box, it would 
hold one liter (1 L) of liquid.
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Measuring Weight

Weight in the metric system is measured in grams (g) and kilo-

grams (kg).

1000 g = 1 kilogram

A gram is the weight of one cubic centimeter of water at a 

temperature of 4°C (39°F). You can use this information to 

make good estimates about how much a certain amount of 

water will weigh.

 
This cube is one cubic centimeter (1 cc). If 
this were a cube of water instead of wood, it 
would weigh 1 gram.  

A liter of water weighs one kilogram 
(1 kg).
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With the metric system, if you know the volume of a container 

of water, you know about how much it weighs. 25 ml weighs 

25 grams. 100 ml weighs 100 grams.

 
This scale has been set to zero with an 
empty beaker.  

100 ml of water weighs about 100 g.

 “Rules of Thumb” for the U.S. System

You can estimate the weight of liquids in the U.S. measuring sys-

tem too. Here are some tips:

• “A pint’s a pound, the world around.” In other words, a pint 

of water (1 pt) weighs one pound (1 lb). Most drinks have 

about the same density as water. So a pint of milk, a pint of 

juice, or a pint of soda each weigh about a pound.

• There are eight pints in a gallon. A gallon weighs eight 

pounds.
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Measuring Temperature

The metric system uses Celsius degrees (°C) to measure 

 temperature.

The U.S. system uses Fahrenheit degrees (°F) to measure 

 temperature.

On Celsius Scale On Fahrenheit Scale
Temperature where 
water freezes

0°C 32°F

Temperature where 
water boils

100°C 212°F

The same temperature can be measured with either scale. 

 Scientists use the Celsius scale.
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Data Tables

Scientists use data tables to organize information. If you look 

at data in a table, you may be able to see patterns.

When you want to organize data from your own investiga-

tions in a data table, follow these guidelines:

• Give your data table a title.

• Give each column a heading.

• Make sure you write the units of measurement on your 

table.

• Put the rows in an order that makes sense. For example, 

if your data follows something over time, start with the 

earliest record and end with the latest record. If your  

data is a list of measurements of different things, start 

with the smallest measurement and move to the largest 

measurement.

Here are some examples of different tables. See if you can see 

patterns in the data. Think about how you might organize 

your own data in a data table.
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This table compares two different things. It makes it possible 

for you to look at the properties of tomato pieces and onion 

pieces side by side.

Properties of Tomatoes and Onions in a Salad Mixture

Properties Tomato Pieces Onion Pieces
Shape Sections of a sphere Round “hoops”

Color Red White

Size About 2 cm across About 5 cm across

Smell Tomato-y Onion-y

Taste Tomato taste Onion taste

Texture Squishy Crunchy

Temperature Room-temperature Room-temperature

This table places the data in number order, with the smallest 

numbers first and the largest numbers last. That way you can 

see these materials in order from smallest density to largest 

density.

Densities of Common Materials

Material Density (grams per cubic cm)
Dry air 0.0012 g/cc

Wood (oak) 0.7 g/cc

Vegetable oil 0.9 g/cc

Ice 0.9 g/cc

Water at 4º C (39º F) 1.0 g/cc

Glass 2.6 g/cc

Aluminum 2.6 g/cc

Stainless steel 8.0 g/cc

Silver 10.5 g/cc

Gold 19.3 g/cc
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This table is organized by date. That way you can see how the 

data changes over time.
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Graphs and Charts

Scientists use graphs and charts to view data in different ways. 

They choose which kind of graph or chart will work best to dis-

play the information.

Bar Graphs

Bar graphs are good tools for making comparisons. This graph 

shows the highest point in ten locations in the United States.

Bar graphs are sometimes used to tally (count) and  

compare data.
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Line Graphs

Line graphs are another way to look at information. They may 

help you see patterns over time. Each line in this graph shows 

how the temperature rises and falls over the year in each city. 

By placing data for two cities on one graph, you can also com-

pare the temperatures (and patterns) in the two cities.
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Pie Charts

Pie charts can show fractions. This pie chart shows that dry air 

is made up mostly of the gas nitrogen, and that about a fifth 

of air is made up of oxygen.

Pie charts are good ways to see what parts make up a whole. 

But it’s hard to see small amounts on them. In this case, the 

small amounts of carbon dioxide and other gases in dry air 

are too tiny to show up on the chart.
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Keeping Records

When scientists conduct investigations, they keep careful notes 

about what happened along the way. There are lots of good 

reasons for this.

• If the records are neat and well-organized, the data will 

be easier to interpret.

• Scientists use their records to draw conclusions about 

what happened in the investigation.

• If they describe what they did carefully, then other scien-

tists can repeat the investigation or compare it to some-

thing they did that was similar.

• Sometimes scientists discover things they didn’t expect 

during an investigation. Good records help them fig-

ure out what might have happened, and new things to 

 investigate.

Skilled scientists keep track of the things that go wrong as 

well as the things that go right. And they don’t go back and 

change their data, even if the investigation doesn’t go the way 

they hoped.



Chapter ����

Recording a Fair Test

Here is an example of how an experiment could be recorded. 

This student decided to test how changing a single variable 

(temperature) affected water evaporation. This is the record of 

her fair test.
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Glossary

Abu Ali Hasan Ibn al-Haitham (Alhazen) 
(965–1040 a.d.)
Physicist and mathematician. Born in 

Basra (Iraq); died in Egypt. Best known 

for his accurate model of light and 

vision.

accurate
Differing only very slightly from the cor-

rect value.

air
A mixture of gases that surrounds Earth.

air pressure
Pressure caused by the weight of Earth’s 

atmosphere. Objects on Earth are 

“pushed” on all sides by air pressure.

approximation
Not exact. A guess based on actual 

measurements or counting.

Archimedes (around 287–212 b.c.)
Greek mathematician, engineer, physi-

cist, and inventor.

atom
A small particle of matter. About  

90 kinds of atoms occur in nature. All 

matter is made of atoms.

atmosphere
The mixture of gases surrounding Earth.

barometer
A tool that measures air pressure.

beaker
A wide cylindrical container marked 

with measurement lines. Used to mea-

sure volume.

boiling point
The temperature at which a liquid that 

is getting warmer starts to change to 

vapor throughout the liquid (not just at 

the surface), so that bubbles form and 

rise to the surface of the liquid. Different 

materials have different boiling points.

capacity
The amount a scale or container  

can hold.

carbon dioxide
A substance usually found on Earth as a 

gas. One of the gases in air.
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Celsius
The scale used in the metric system for 

measuring temperature. At sea level, 

0°C is the temperature at which water 

freezes, and 100°C is the temperature 

at which water boils. The Celsius scale 

is used by scientists and by most of the 

world.

chemical change
A change to materials that results 

in forming a new material with new 

 properties.

cloud
A mixture of tiny particles of water, 

dust, and sometimes ice, floating in 

the air.

compress
To press on something until it takes up 

less space. Gases can be compressed a 

lot; solids and liquids can be compressed 

very little.

conclusion
What you have discovered based on 

observations or other data. You should 

be able to support your conclusion with 

evidence.

condensation
The change of a gas into a liquid when 

the gas is cooled.

crystal
A solid material with a three-dimensional 

pattern that repeats over and over.

Curie, Marie Sklodowska (1867–1934)
Polish-born French chemist. She is the 

only person to win the Nobel Prize in 

both physics (1903) and chemistry 

(1911).

data
A record of what happened during an 

investigation. Information gathered by 

counting, measuring, or other types of 

observation.

density
How heavy something is for its size.

desalination
The process of removing salt from salty 

water.

describe
To use words to tell about something, 

such as an observation.

dew
Droplets of water that condense out of 

the air on cool surfaces.

displacement
The volume of water pushed out of the 

way by an object in the water.
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dissolve
To mix one material, such as a solid, 

with another material, such as a liquid, 

until they create a solution.

Earth
The third planet from the sun; the 

planet on which we live.

estimate
A guess based on clues, such as 

appearance, size, number, or  

personal experience.

evaporation
The process of a liquid changing into an 

invisible gas.

evidence
Facts or observations to support an 

explanation.

expand
To become larger, or take up a larger 

space. A gas will expand if it is put in a 

larger container.

experiment
A well-organized activity designed to 

test whether your ideas are correct. A 

type of investigation.

Fahrenheit 
A scale used in the United States for 

measuring temperature.

fair test
An experiment that compares some-

thing by changing one variable while 

keeping all other variables the same.

flexible
A property of some solids. Flexible solids 

can be bent without breaking.

freeze
To change from a liquid to a solid by 

cooling.

frost
Ice crystals that cover a cold surface 

when water comes out of the air.

Galileo Galilei (1564–1642)
Italian astronomer and physicist. Best 

known for being the first to study the 

night sky with a telescope, and for find-

ing evidence that Earth orbited the sun 

(instead of the sun orbiting Earth).

gas
A state of matter that does not have 

a definite shape or take up a definite 

amount of space. A gas can expand to 

fill any available space in a container.

graduated cylinder
A narrow cylindrical container marked 

with measurement lines. Used to mea-

sure volume.
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heat energy
The energy a substance has as a result 

of its temperature. The higher an 

object’s temperature, the more heat 

energy it has.

Hooke, Robert (1635–1703)
English physicist, inventor, and 
 mathematician.

human-made
Produced by humans.

humidity
The amount of water vapor (moisture) 

in the air.

ice
Water in its solid, frozen state. Liquid 

water changes to ice at a temperature of 

0°C (32°F).

increment
Measurement mark. The smallest divi-

sion on a measuring tool.

investigation
Something you do to explore a question.

investigative question
The question you are trying to answer 

or explore.

lava
Melted rock that flows onto the earth.

lens
A curved piece of glass or plastic that 

changes the direction of light passing 

through it.

light energy
The energy carried by light rays.

liquid
A state of matter that does not have a 

definite shape but takes up a definite 

amount of space. A liquid fills the bot-

tom of its container when at rest, and 

flows freely when poured.

liquid water
Water in a form that is wet. Water that 

can be poured, splashed, and moved out 

of the way when it is touched.

magnetism
A property that allows some objects to 

be attracted by a magnet.

material
The substance or substances that some-

thing is made of.

matter
Anything that takes up space and has 

mass (which we usually measure by 

weight). Something that can be held 

in a container and released in another 

place.
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melt
To change from a solid to a liquid by 

heating.

melting point
The temperature at which a solid starts 

to change to liquid because it is getting 

warmer. Different materials have differ-

ent melting points.

meniscus
The curved surface of a liquid in a 

 container.

metric system
The measurement system used by most 

countries and all scientists around the 

world.

microscope
A tool that makes it possible to see very, 

very tiny things.

mixture
A combination of two or more materials.

molecule
Atoms linked together to make small 

particles of a substance. For example, a 

water molecule is made of two hydro-

gen atoms and one oxygen atom held 

tightly together.

motion energy
The energy present in moving things, 

such as the wind, a racing car, or a soar-

ing ball.

natural
Existing in or formed by nature; not 

made by humans.

natural resource
Things we get from nature to meet our 

needs and wants, such as water, air, 

land, forests, oil, and minerals.

nitrogen
A substance usually found on Earth as a 

gas. Nitrogen gas makes up over three-

quarters of air.

observation
A careful description that is based on 

what you have observed. Can include 

measurements.

observe
To pay close attention to something and 

notice many details about it.

opaque
A property of some matter. An opaque 

thing does not allow any light to pass 

through it.

oxygen
A substance usually found on Earth as 

a gas. Oxygen gas makes up about one-

fifth of air.

physical change
A change to the size, shape, or state of 

a material, through which the material 

remains the same kind of matter.
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plasma
A state of matter.

pollutant
Something that contaminates air, soil, 

or water.

powder
A solid material in the form of tiny, 

loose pieces.

prediction
A guess about what you think might 

happen during an experiment or 

 investigation, based on what you 

already know.

procedure
A sequence of steps that describes how 

to perform a specific task.

property
A characteristic that helps to describe 

or identify an object, a material, or  

a state of matter. For example, a prop-

erty of a liquid is that it can pour; 

a property of iron is that a magnet 

attracts it.

quicksand
A mixture of sand and water that shifts 

easily.

rain
Liquid water that falls from the clouds.

recycle
To reuse materials from trash or garbage.

results
Data from an experiment organized so 

that it is easier to interpret.

rigid
A property of some solids. Stiff, not 

bendable.

rock
A natural, solid object made of one or 

more different minerals.

saturation
In solutions, occurs when a liquid has 

dissolved as much of a solid as it can.

scale
A tool used to measure weight.

separate
To remove something from a mixture.

snowflake
A crystal of ice that forms as water con-

denses in freezing clouds.

solar energy
Energy transferred from the sun. Solar 

energy travels to Earth through space 

and provides warmth, light, and energy 

for plant growth.
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solid
A state of matter that has a definite 

shape and takes up a definite amount 

of space. A solid keeps it shape when at 

rest, whether or not it is in a container.

solution
A mixture in which one material, such 

as a solid, combines with another mate-

rial, such as a liquid, so that you can’t 

tell one material from the other.

sort
To separate objects into groups with 

similar properties.

sound energy
The energy carried by sound waves.

state
A form, stage, or condition of something 

that can change. Solid, liquid, and gas 

are states of matter.

steam
A mixture of invisible water vapor and 

tiny, visible drops of liquid water that 

hang in the air. Steam rises from boiling 

water.

sublimation
The process of a solid changing directly 

to a vapor (gas).

sunlight
Light coming from the sun.

surface area
If talking about a container of liquid, 

the part of a liquid that is exposed  

to the air.

surface tension
A property of liquids. Acts like an elastic 

skin on the surface of the liquid. Differ-

ent liquids have different amounts of 

surface tension.

telescope
A tool with lenses that makes it possible 

to see things that are very far away.

temperature
A measure of how hot or cold some-

thing is.

texture
A property of solids and liquids. The 

way a material looks and feels.

thermometer
A tool that measures temperature.

Torricelli, Evangelista (1608–1647)
Italian physicist and mathematician. 

Best known for inventing the barometer 

and for his work in geometry.

transparent
A property of some matter. A trans-

parent thing allows most light to pass 

through it.
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U.S. customary units
Units of measurement used in the United 

States.

valid
Based on logical reasoning. Makes sense 

based on information available.

van Leeuwenhoek, Anton (1632–1723)
Dutch microbiologist, the first person 

to see bacteria. Self-trained as a scien-

tist, he was also a fabric merchant and 

 surveyor.

vapor
Another word for gas as a state of mat-

ter. People usually use “vapor” if the 

matter they are describing is a gas that 

is more often found as a liquid or a solid 

(like water vapor or gasoline vapor).

variable
Any factor in an experiment that can be 

changed.

viscosity
How quickly or slowly a liquid flows.

volume
The amount of space something occu-

pies. A property of all matter.

water
A liquid that makes up oceans, rivers, 

lakes, etc., and falls from the clouds as 

rain. It is essential for all living organ-

isms. In its solid state, water is called 

ice. When it is a gas, water is called 

water vapor.

water vapor
The state of water when it is an invis-

ible gas.

weather
How the sky and air feel and look. The 

main parts of weather are temperature, 

sunlight, wind, clouds, and moisture.

weight
The measure of how heavy something 

is. Often used as a measure of mass.

wind
Air in motion.

Wright brothers
Wilbur (1867–1912) and Orville  

(1871–1948). American inventors of  

the first successful airplane.
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A
Abu Ali Hasan Ibn al-Haitham (Alhazen),  

23, 129
accurate, 23, 129
air, 43–57

defined, 129
feeling movement of (wind), 38
mixture of gases in, 47
pollution, 50
Torricelli determining weight of, 46
types of matter, 1
volume of, 40
water vapor in, 48–49
weight of, 43, 44–45

air pressure
boiling point and, 72
defined, 129
weight of air in atmosphere, 44–45

airplanes
properties of gases allowing flight, 52
Wright brothers and, 55–57

alcohol, 29
amphibians, breathing/exhaling, 48
animals, breathing/exhaling, 48
approximation, 129
Archimedes

about, 129
density and, 64
measuring volume, 34–36

atmosphere
defined, 129
measuring weight of air in, 44

atmospheric pressure. See air pressure
atoms, 78, 129
automobiles, pollution from, 50

B
baking soda and vinegar, chemical change 

example, 102–105
balloons, hot air, 54
bar graphs, 120
barometer

defined, 129
measuring air pressure with, 45
Torricelli’s invention of, 46

beaker, 115, 129
birds, breathing/exhaling, 48
body, solid, liquid, and gas parts of, 7
boiling

changing state from liquid to gas, 70–72
nitrogen, 72
physical changes to matter, 99

boiling point, 72, 129
breathing/exhaling, 48
bubbles

boiling causing, 71
properties of gases, 42

burning, as chemical change, 108

C
capacity, 129
carbon dioxide

byproduct of chemical change, 104–105, 108
defined, 130
dry ice in solid state, 76
gases in air, 47
living creatures exhaling, 48

carbon monoxide, 51
Celsius

defined, 130
vs. Fahrenheit, 111
measuring temperature, 116

Index
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centi-, 111
chemical change

burning as, 108
defined, 130
glow stick example, 106
happening everywhere, 109
overview of, 102
rust example, 107
sodium bicarbonate and hydrochloric acid 

example, 105
vinegar and baking soda example, 102–105

chemical vapors, 51
cigarette smoke, 51
clay, properties of, 92
clouds

condensation causing, 76
defined, 130

color
properties of liquids, 31
sorting mixtures by, 83–84

combustible liquids, 31
comparisons

data tables for, 118
graphs for, 120–121

compression
of air, 43
defined, 130
properties of gases, 40
solids and liquids and, 45

conclusions, of investigation, 123, 130
condensation

changing state from gas to liquid, 73–75
defined, 130
physical changes to matter, 100

containers
changing shape of liquids and gases, 98
for gases, 37
for liquids, 31
properties of gases and, 40, 42
properties of liquids and, 26–27

conversion, metric to/from U.S. Customary 
units, 33

crystals
defined, 130
ice, 77
salt, 89
snowflakes, 84

cubic centimeter (cc), 113
Curie, Marie Sklodowska, 94–95, 130
Curie, Pierre, 95

D
data

defined, 130
record keeping and, 123

data tables, 117–119
density, 59–64

about, 59
Archimedes and, 64
data tables for comparing, 118
defined, 130
formula for, 61
hot air balloons and, 64
ice compared with gold, 62
properties of liquids and, 32
size and weight and, 60
table of densities of common materials, 63
units of measurement, 61

desalination, 91, 130
describe, 123, 130
detergents

cleaning with, 31
surface tension and, 28–29

dew, 74, 130
displacement, 36, 131
dissolving materials

defined, 131
melting contrasted with, 89
salt in water, 89
in solution, 88

dry ice, 76

E
Earth

atmosphere of, 44
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Earth (continued)
defined, 131
Galileo’s role in changing way people 

thought about, 24
water and life on, 70

eddy current separators, 87
edible liquids, 31
electron microscope, 24
empty space, 9
energy

heat. See heat energy
motion, 9, 133
nuclear, 95
solar or light, 9, 91, 135
sound, 9, 135
things that are not matter, 9

estimate
defined, 131
Earth atmosphere, 44
weight of liquids, 114–115

evaporation
changing state from liquid to gas, 70–72
defined, 131
physical changes to matter, 99

evidence, 131
exhaling/breathing, 48
expansion, of gases, 40, 131
experiments, 124–128, 131
eyeglasses, 23

F
Fahrenheit

vs. Celsius for measuring temperature, 111
defined, 131
measuring temperature, 116

fair tests, 124–128, 131
fish, breathing/exhaling, 48
flexible

defined, 131
solids, 15

flight, 52–57
airplanes, 52
balloons, 54

gliders, 52–53
Wright brothers and, 55–57

formula, for density, 61
fossil fuels, 91
freezing

changing state from liquid to solid, 65–69
defined, 131
physical changes to matter, 99
solid state and, 68

freezing point, 69
frost, 77–78, 131
fruit juice, 29

G
Galileo Galilei, 24, 131
gallons, in U.S. Customary system, 115
gases, 37–57

about, 37–39
air pollution, 50
chemical change, 104, 107–108
defined, 131
dependence of living things on, 48
flight and, 52–57
mixture in air, 47
physical change, 98–100
pie chart of, 122
properties of, 10–11, 39–42
state change from gas to liquid 

(condensation), 73–75
state change from gas to solid  

(frost or snow), 77–78
state change from liquid to gas  

(evaporation or boiling), 70–72
state change from solid to gas  

(sublimation), 76
states of matter, 7
water vapor, 48–49, 70
weight of air above and around us, 44–45
weight of air in a container, 43

germ-killing liquids, 31
glaciers, 76
gliders, 52–53
glow sticks, 106
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gold
density of, 60, 62
panning, 86
sluicing, 85
straining, 85

graduated cylinders, 132
grams, 114
grams per cubic centimeter (g/cc), 61–62
graphs/charts

bar graphs, 120
line graphs, 121
pie charts, 122

H
heat energy. See also temperature

defined, 132
lost in chemical change, 104
physical changes to matter, 99
produced in chemical change, 108
sunlight adds to things, 9

helium, 47
helium balloons, 54
Hooke, Robert, 23, 132
hot air balloons, 54, 64
humans

breathing oxygen and exhaling carbon 
dioxide, 48

human-made, 16–18, 132
humidity, 48–49, 132
hydrochloric acid and sodium bicarbonate, 

chemical change example, 105
hydrogen, 47
hydrogen balloons, 54

I
ice

crystals, 77
defined, 132
density of, 60, 62–63
melting, 65–66
as solid state of water, 14
sublimation to water vapor, 76

increment, 132

insects, breathing/exhaling, 48
inventions

barometer, 46
lens, eyeglasses, and microscope, 23–24
telescope, 24

investigation
conclusions of, 130
defined, 132
record keeping and, 123

investigative questions, 132
invisibility, of gases, 39
iron, rusting, 107
isotropic mixtures, 92

J
Janssen, Hans, 23
Janssen, Zaccharias, 23
Jupiter, 24

K
kilo-, 111
kilograms, 114
krypton, 47

L
lakes, salt in, 90–91
lava

defined, 132
liquids not containing water, 29
physical change, 99
solid and liquid states of, 68–69

lens
defined, 132
grinding process for perfecting, 23–24
invention of, 23

light
energy, 132
produced by chemical change, 106
things that are not matter, 9

line graphs, 121
Lippershey, Hans, 24
liquids. See also water

about, 25
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liquids (continued)
boiling point, 72
chemical change, 104
compression and, 45
containers for, 31
containing water, 28–29
defined, 132
mercury, 29–30
not containing water, 29
physical change, 98–100
properties of, 10–11, 26–28, 31–32
size of, 32–33
state change from gas to liquid 

(condensation), 73–75
state change from liquid to gas (evaporation 

or boiling), 70–72
state change from liquid to solid (freezing), 

65–69
state change from solid to liquid (melting), 

65–69
states of matter, 7
states of water on Earth, 70
weight of, 32–33, 114–115

living things
breathing/exhaling, 48
dependence on gases, 48
water and, 70

M
magnetism

defined, 132
use of magnets in recycling, 87

materials
defined, 2, 132
density of, 63
solid and liquid states of, 69
sorting mixtures by, 83–84

matter
changing state of. See states, changing
chemical change, 102–109
defined, 133
materials things are made of, 2–6
particles of, 78–80

physical change, 97–101, 109
properties of, 8, 10–11
states of, 7
volume and weight and, 8
what it is, 1
what it is not, 9

measurement. See also metric system; U.S. 
Customary system
converting between metric and U.S. 

Customary, 33
density, 61
liquids, 32–33
temperature, 116
volume, 113, 115
weight, 114–115

melting
changing state from solid to liquid, 65–69
contrasted with dissolving, 89
defined, 133
lava, 68
physical change, 99

melting point, 69, 133
meniscus, 133
mercury, 29–30
metals, 29, 66–67
metric system, 111–116

advantages of, 112
defined, 133
density, 61
liquids, 32–33
overview of, 111
temperature, 116
volume, 113
weight, 114–115

Microphagia (Hooke), 23
microscope

defined, 133
electron microscope, 24
invention and development of, 23–24
looking at solids close-up, 20–21

milk, 29
Milky Way, 24
mill-, 111
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milliliter (ml), 113
mixtures

about, 81
defined, 133
physical change, 100–101
properties of, 82
quicksand as, 93
salt in lakes, seas, and oceans, 90–91
sloppy (solid or liquid?), 92
solutions, 88
sorting, 83–87

molecules
defined, 78, 133
state of matter and, 79–80
water molecules, 79

moon, 24
motion energy, 9, 133

N
natural

defined, 133
vs. human-made, 16–18
salt mixtures with water, 89
states of water, 70

natural resources
defined, 133
fossil fuels, 91
recycling, 86–87

neon, 47
nitrogen

in air, 47
defined, 133
liquid, 72

nitrogen oxides, 51
notes. See record keeping
nuclear energy, 95

O
observation, 133
oceans, 90–91
oils, animal and vegetable, 29
opaqueness. See transparency/opaqueness
oxides, 51

oxygen
in air, 47
burning and, 108
defined, 133
living creatures inhaling, 48

P
panning gold, 86
patterns, graphing, 121
photosynthesis, 48
physical change

defined, 134
gases, liquids, and solids, 98–100
happening everywhere, 109
mixtures, 101
reversibility of, 101

pie charts, 122
pints, in U.S. Customary system, 115
plants, 48
plasma, 7, 134
poisons, 30
pollution, 50–51, 134
pounds, in U.S. Customary system, 115
powders

defined, 134
dissolving in solution, 88
types of solids, 18–19

predictions
air currents from clouds, 53
defined, 134
weather, 45

procedures, 134
properties

data tables for comparing, 118
defined, 10, 134
gases, 39–42
liquids, 26–28, 31–32
matter, 8
mixtures, 82
objects, 10–11
physical change and, 101
solids, 14, 15–16
solutions, 88
states of matter, 11
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Q
quicksand, 93, 134

R
radiation, 95
radium, 94
rain, 76, 134
record keeping

reasons for, 123
recording a test or experiment, 124–128

recycling
defined, 134
natural resources, 86–87
sorting mixtures for, 83–84

reptiles, 48
results, 134
rigidity, 15–16, 134
rocks

defined, 134
lava, 29, 68–69, 99
as matter, 1, 8
natural materials, 16
straining in gold panning process, 85

rust, 107

S
salt water, 89–91

desalination, 91
in lakes, seas, and oceans, 90
solutions and, 89

saturation, 89, 134
scale

defined, 134
measuring temperature, 116
measuring weight, 8
units of measurement for, 33

scientific tools, 124–128
data tables, 117–119
graphs/charts, 120–122
metric system, 111–116
record keeping, 124–128

seas, 90–91

separate, 134. See also sorting
shape

flexible solids changing, 15
properties of gases, 40
properties of liquids, 27–28
properties of solids, 14–15

size
density and, 60
of liquids, 32–33
sorting mixtures by, 83–84

slippery liquids, 31
sluicing gold, 85
smell

of gases, 39
properties of liquids, 31

snow, 77–78
snowflakes, 78, 134
sodium bicarbonate and hydrochloric acid, 

chemical change example, 105
solar energy, 91, 135
solids, 13–24

chemical change, 104, 107–108
close-up look at, 20–21
compression and, 45
defined, 135
displacement, 36
far away look at, 22
flexible, 15
natural vs. human-made, 16–18
physical change, 99–100
powders, 18
properties of, 11, 14
state change from gas to solid  

(frost or snow), 77–78
state change from liquid to solid  

(freezing), 65–69
state change from solid to gas  

(sublimation), 76
state change from solid to liquid  

(melting), 65–69
states of matter, 7
states of water on Earth, 70
transparent, 16
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solutions
defined, 135
ingredients not recognizable in, 100–101
mixtures in, 88

sorting, 83–87
defined, 135
panning for gold as application of, 85–86
recycling as application of, 86–87
types of sorts, 83–84

sound energy, 9, 135
space. See also volume

empty space, 9
matter occupying, 1
vacuum, 46

sponges, 16–18
states

defined, 135
liquids, 14
matter, 7
metals in liquid state, 29
properties of, 10–11
water, 70

states, changing, 65–80
condensation, 73–75
evaporation and boiling, 70–72
frost and snow, 77–78
melting and freezing, 65–69
molecules and, 79–80
sublimation, 76

steam, 73, 135
straining gold, 85
sublimation, 76, 135
sulfur dioxide, 51
sunlight, 9, 135. See also light
surface, of liquids, 27, 31
surface area, of liquids, 135
surface tension, of liquids, 28, 135

T
telescope, 24, 135
temperature

boiling and, 70–72
condensation and, 73
density of water and, 63

evaporation and, 70
Fahrenheit vs. Celsius for measuring, 111
line graph for comparing, 121
of liquids, 28
melting and, 29, 69
metric measurement of, 116

texture, 20, 135
thermometers, 30, 135
thixotropic mixtures, 92
Torricelli, Evangelista, 46, 136
transparency/opaqueness, 133

defined, 136
of liquids, 32
solids, 16

U
units of measurement

metric. See metric system
U.S. Customary. See U.S. Customary system

U.S. Customary system
defined, 136
density, 61
liquid measurements, 32–33
metric compared with, 112
temperature measurements, 116
weight measurements, 115

V
vacuum, 46
valid, 136
van Leeuwenhoek, Anton, 23, 136
vapor. See also gases

chemical vapors, 51
defined, 136
smelling gases and, 39
sublimation and, 76–77
water vapor, 48–49

variables, 124, 136
vinegar and baking soda, chemical change 

example, 102–105
viscosity, 32, 136
vision, 23
volume. See also space

defined, 136
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volume (continued)
displacement and, 36
empty space and, 9
of gases, 37
of matter, 1, 8
metric measurement of, 113
properties of gases, 40
properties of liquids, 28, 32
properties of solids, 14–15
relationship of volume to weight, 115

W
water. See also liquids

boiling, 70–71
defined, 136
density of water vs. density of ice, 63
evaporation, 70
freezing, 65–66
mixed with other liquids, 28–29
salt in solution with, 89
solid state of (ice), 14
states of water on Earth, 70
surface tension, 28
types of matter, 1
weight of, 114

water molecules, 79

water vapor
in air, 48–49
boiling causing, 70–71
condensing into liquid, 73–74, 76
defined, 136
evaporation causing, 70

weather, 45, 136
weight

of air, 43, 44–45
defined, 136
density and, 60
empty space and, 9
of gases, 37, 42
of liquids, 32–33
of matter, 1, 8
metric units for, 114
relationship of volume to, 115
of solids, 14
Torricelli determining weight of air, 46
U.S. Customary units for, 115

wind, 38, 136
Wright, Orville, 55–57, 136
Wright, Wilbur, 55–57, 136

X
xenon, 47
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