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Introduction
to Matter
ESSENTIAL QUESTION
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SC.8.P.8.2 Differentiate between
weight and mass recognizing that
weight is the amount of gravitational
pull on an object and is distinct from,
though proportional to, mass. SC.8.P.8.3 Explore
and describe the densities of various materials
through measurement of their masses and volumes.
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By the end of this lesson, you
should be able to relate mass,
weight, volume, and density to
one another.

Lesson Labs
Quick Labs
• Mass and Weight
• How Much Mass?
• Finding Volume by Displacement

Engage Your Brain
1 Describe Fill in the blank with the word or
phrase that you think correctly completes the
following sentences.

2 Explain List some similarities and differences
between the golf ball on the left and the tabletennis ball on the right in the photo below.

A(n)
can hold a
greater volume of water than a mug.
A hamster weighs less than a(n)
.
A bowling ball is harder to lift than a
basketball because
.
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ACTIVE READING
3 Apply Many scientific words, such as matter,
also have everyday meanings. Use context
clues to write your own definition for each
meaning of the word matter.
Example sentence
What is this gooey matter on the table?

Matter:

Vocabulary Terms
• matter
• mass
• weight

• volume
• density

4 Identify This list contains the vocabulary
terms you’ll learn in this lesson. As you
read, circle the definition of each term.

Example sentence
Please vote! Your opinions matter.
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Matter:
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What’s the

MATTER?

What is matter?

Suppose your class takes a field trip to a museum. During the
course of the day you see mammoth bones, sparkling crystals,
hot-air balloons, and an astronaut’s space suit. All of these things
are matter.
As you will see, matter is anything that has mass and takes up
space. Your body is matter. The air that you breathe and the water
that you drink are also matter. Matter makes up the materials
around you.
However, not everything is matter. Light and sound, for
example, are not matter. Light does not take up space or have mass
in the same way that a table does. Although air is matter, a sound
traveling through air is not.

ACTIVE READING

Visualize It!

©moodboard/Corbis

5 Explain How can you tell if something is matter?
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6 Identify Name three examples of matter found in
this photo. Explain your reasoning.

What is mass?
You cannot always tell how much matter is in an
object simply by observing the object’s size. But
you can measure the object’s mass. Mass describes
the amount of matter in an object.
Compare the two balloons at the right. The
digital scales show that the balloon filled with
compressed air has a greater mass than the other
balloon. This is because the compressed air adds
mass to the balloon. Air may seem to be made
of nothing, but it has mass. The readings on the
scale are in grams (g). A gram is the unit of mass
you will use most often in science class.
Objects that are the same size can be made
up of different amounts of matter. For example, a
large sponge is about the same size as a brick. But
the brick contains more matter. Therefore, the
brick has a greater mass than the sponge.

The readings on
these digital scales
sho w that all matter,
even air, has mass.
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How does mass differ
from weight?
The words weight and mass are often used as though they
mean the same thing, but they do not. Weight is a measure
of the gravitational force (grav•ih•TAY•shuhn•uhl FAWRS)
on an object. Gravitational force keeps objects on Earth
from floating into space. The gravitational force between
an object and Earth depends partly on the object’s mass.
The greater that the mass of an object is, the greater
the gravitational force on the object will be and
the greater the object’s weight will be.
An object’s weight can change depending
on the object’s location. For example, you
would weigh less on the moon than you do on
Earth because the moon has less mass—and
therefore exerts less gravitational force—than
Earth does. However, you would have the
same mass in both places. An object’s mass
does not change unless the amount of matter in
an object changes.

0.010 g

0.005 g

The weight of this
dachshund on the
m
is about one-sixth oon
of its
weight on Earth.

ACTIVE READING
7 Claims • Evidence • Reasoning Make a claim about the weight
of astronauts on the moon compared to their weight on Earth.
Summarize evidence to support the claim and explain your
reasoning.
Lesson 1 Introduction to Matter
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Visualize
Visuali e It!
The balance below works by moving the masses on
the right along the beams until they “balance” the
pan on the left. Moving the masses changes the
amount of force the levers exert on the pan. The more
massive the object on the pan, the more force will be
needed on the levers to balance the two sides.

8 Explain Your Reasoning Would this balance give
the same value for mass if used on the moon?
Explain your reasoning.

lance
A triple-beam ba
e
d to measure
can be used
the mass of small
is
objects such as th
geode fragment.
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Mass is often measured by using a triple-beam
balance such as the one shown above. The
balance compares an object’s mass to known
standards of mass called countermasses. The
countermasses slide across each of three beams.
When the countermasses balance the mass of the
object in the balance pan, the pointer will rest at
0. Then, the mass can be read from the position
of the countermasses on the beams.
Weight is measured with devices such as
the spring scale shown at the left. The spring
measures the force between the mass in the pan
and Earth. The more massive the object placed
in the pan, the more forceful is the attraction
between it and Earth, and the more the spring
will stretch. Greater stretch means greater weight.
Because weight is a measure of gravitational
force, it is given in units of force. You probably
are most familiar with weight given in pounds
(lb), like the units shown on the scale. The
standard scientific unit for weight, however,
is the newton (N). A 100-g mass weighs
approximately 1 N on Earth. One newton is
about one-fourth of a pound.
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How are mass and weight
measured?
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The spring
scale gives
weight in
pounds (lb).

Measuring

Space
How is the amount of space
occupied by matter
measured?
All matter takes up space. The amount of space
that an object takes up, or occupies, is known
as the object’s volume.
Objects with similar volumes do not always
have the same mass. In the photos, the bowling
ball and the balloon have about the same volume,
but the bowling ball contains a lot more mass than
the balloon. You know this because the bowling ball
weighs much more than the balloon. The different
masses take up about the same amount of space, so both
objects have about the same volume.

ACTIVE READING
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9 Define What does volume measure?

The bo wli
n
has a lot g ball
more ma
ss
than the
balloon.

Think Outside the Book
ilar in
The balloon is sim h less
uc
volume but has m g ball.
lin
mass than the bo w

10 Infer Big things can look very
small when seen from far away.
Describe how you know big
things far away aren’t really
small.
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How can volume be determined?
There are different ways to find the volume of an object. For
objects that have well-defined shapes, you can take a few
measurements and calculate the volume using a formula. For
objects that are irregularly shaped, such as a rock, you can use
water displacement to measure volume. For liquids, you can use
a graduated cylinder.

Using a Formula
Some objects have well-defined shapes. For these objects, the
easiest way to find their volume is to measure the dimensions of
the object and use a formula. Different shapes use different
volume formulas. For example, to find the volume of a
To find the volume of a rectangular box, use
the following formula:
rectangular box, you would use a different formula than if
you were to find the volume of a spherical ball.
Volume = (length)(width)(height)
The volume of a solid is measured in units of length
V = lwh
cubed. For example, if you measure the length, width, and
height of a box in centimeters (cm), the volume of the
box has units of centimeters multiplied by centimeters multiplied
by centimeters, or cubic centimeters (cm3). In order to calculate
volume, make sure that all the measurements are in the same units.

Do the Math
Sample Problem
Find the volume of the lunch box.
Identify
A. What do you know?

length = 25 cm, width = 18 cm, height = 10 cm
B. What do you want to find? Volume
Plan

25 cm
18 cm
10 cm

D. Write the formula:

25 cm

V = lwh

E. Substitute into the formula:

18 cm
V = (25 cm)(18 cm)(10 cm)

Solve
(25 cm)(18 cm)(10 cm) = 4,500 cm3
G. Check that your units agree: The given units are centimeters,
and the measure found is volume. Therefore, the units
should be cm3. The units agree.
Answer: 4,500 cm3

©Mark Andersen/Getty Images

C. Draw and label a sketch:
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10 cm
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F. Multiply:

your locker
f
o
e
m
lu
o
v
The
ho w much
will tell you side.
in
stuff will fit

30 cm

Do the Math
You Try It
11 Calculate Find the volume of a locker that is 30
cm long, 40 cm wide, and 200 cm high.

Identify
A. What do you know?

200 cm
B. What do you want to find?

Plan
C. Draw and label a sketch:

D. Write the formula:

40 cm
©John Giustina/Iconica/Getty Images

E. Substitute the given values into the formula:

Solve
F. Multiply:
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G. Check that your units agree:

Answer:
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Using Water Displacement
In the lab, you can use a beaker or graduated
cylinder to measure the volume of liquids.
Graduated cylinders are used to measure liquid
volume when accuracy is important. The volume
of liquids is often expressed in liters (L) or
milliliters (mL). Milliliters and cubic centimeters
are equivalent; in other words, 1 mL = 1 cm3.
The volume of any amount of liquid, from one
raindrop to an entire ocean, can be expressed in
these units.
Two objects cannot occupy the same space
at the same time. For example, as a builder stacks
bricks to build a wall, she adds each brick on top
of the other. No brick can occupy the same place
that another brick occupies. Similarly, when an
object is placed in water, the object pushes some
of the water out of the way. This process, called
displacement, can be used to measure the volume
of an irregularly shaped solid object.
In the photos at the right, you can see that
the level of the water in the graduated cylinder
has risen after the chess piece is placed inside.
The volume of water displaced is found by
subtracting the original volume in the graduated
cylinder from the new volume. This is equal to
the volume of the chess piece.
When deciding the units of the volume
found using water displacement, it is helpful to
remember that 1 mL of water is equal to 1 cm3.
Therefore, you can report the volume of the
object in cubic centimeters.

Do the Math
You Try It
12 Calculate The two images below show a
graduated cylinder filled with water before and
after a chess piece is placed inside. Use the
images to calculate the volume of the chess
piece.

Volume without chess piece =
Volume with chess piece =

Volume of chess piece =
Don’t forget to check the units of volume of
the chess piece!

46 mL
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40 mL

Packing

It In!

What is density?
Mass and volume are properties of all substances.
These two properties are related to another
property called density (DEN•sih•tee). Density
is a measure of the amount of mass in a given
volume. Objects containing the same amount of
mass can take up different amounts of space. For
example, the pile of feathers above takes up more
space than the tomato. But they have the same
mass. This is because the tomato is more dense.
The tomato has more mass in a smaller space.
The density of a given substance remains
the same no matter how much of the substance
you have. For example, if you divide a piece
of clay in half, both halves will have the same
density as the original piece.

The tomato and the pile of feathers
have similar masses, but the tomato
has less volume. This means that
the tomato is more dense.

ACTIVE READING
13 Explain What is density?
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14 Predict Circle the item in each pair that is more dense. Explain your reasoning.

Golf ball

Empty milk carton

Foam ball

Table-tennis ball

Milk carton full of milk

Baseball

Lesson 1 Introduction to Matter
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How is density determined?
Units for density consist of a mass unit divided by a volume
unit. Units that are often used for density are grams per cubic
centimeter (g/cm3) for solids, and grams per milliliter (g/mL) for
liquids. In other words, density is the mass in grams divided by the
volume in cubic centimeters or milliliters.
To find an object’s density (D), find its mass (m) and its
volume (V). Then, use the given formula to calculate the density of
the object.
m

an are
Pumice and obsidi
ic
two igneous volcan ent
er
ff
rocks with very di
densities.

D =—
V

The density of water is 1 g/mL (g/cm3). Any object with a
density greater than 1 g/mL will sink in water. Any object with
a density less than 1 g/mL will float. Density, therefore, can be a
useful thing to know. The sample problem below shows how to
calculate the density of a volcanic rock called pumice.

pumice
obsidian

Do the Math
Sample Problem
Pumice is an igneous volcanic rock, formed by
the rapid cooling of lava. What is the density
of a 49.8 g piece of pumice that has a volume
of 83 cm3?

You Try It
15 Calculate Obsidian is another type of igneous
rock. What is the density of a piece of obsidian that
has a mass of 239.2 g and a volume of 92 cm3?

Identify
Identify

A. What do you know?

A. What do you know?

mass = 49.8 g, volume = 83 cm3
B. What do you want to find? Density

Plan
D. Substitute the given values into the formula:

g–
49.
8—
——
D=—
83 c m3
Solve
g– = 0.6 g/cm3
49.
8—
—
——
83 c m3
F. Check that your units agree: The given units are
grams and cubic centimeters, and the measure
found is density. Therefore, the units should
be g/cm3. The units agree.
Answer: 0.6 g/cm3
E. Divide:

316 Unit 6 Matter

Solve
E. Divide:
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D. Substitute the given values into the formula:

C. Write the formula:

F. Check that your units agree:

Answer:

Publishing Company

m
D=_
V
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Plan
C. Write the formula:

B. What do you want to find?

Do the Math
Sample Problem
A basalt rock displaces 16 mL of water. The
density of the rock is 3.0 g/cm3. What is the
mass of the rock?

You Try It

Identify

Identify

A. What do you know?

16 Calculate A rhyolite rock has a volume of 9.5 mL.
The density of the rock is 2.6 g/cm3. What is the
mass of the rock?

A. What do you know?
3

volume = 16 mL, density = 3.0 g/cm
B. What do you want to find? Mass
Plan

m
C. Rearrange the formula D = _ to solve for mass.
V
You can do this by multiplying each side by V.

B. What do you want to find?

Plan
C. Write the formula:

m
D=_
V
m= D·V
D. Substitute the given values into the formula. Recall
that 1 mL = 1 cm3, so 16 mL = 16 cm3.

D. Substitute the given values into the formula:

g · 16 cm3
3.—
0—
m =—
c m3
Solve

g
3.—
0—
3
—
3 · 16 cm = 48 g
cm
F. Check that your units agree: The given units are
g/cm3 and mL, and the measure found is mass.

E. Multiply:

Solve
E. Multiply:

Therefore, the units should be g. The units agree.
Answer:

48 g
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F. Check that your units agree:

Answer:

Kilauea is the youngest
volcano on the Big Island
of Hawaii. “Kilauea” means
“spewing” or “much spreading,”
apparently in reference to the
lava flows that it erupts.
Lesson 1 Introduction to Matter
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Visual Summary
Relating Mass,
Weight, Volume,
and Density

To complete this summary, check the box that
indicates true or false. You can use this page to
review the main concepts of the lesson.

Mass is the amount of matter
in an object. Weight is a
measure of the gravitational
force on an object.

T
17

An object’s weight is the
amount of space it occupies.
The mass of an object is
equal to its weight.

18

Mass

Weight

Density describes the
mass of a substance
in a given volume.
To find the density of a
substance, use the formula:

m
_
D= V

T

F

T
The volume of a solid can
be expressed in units of cm3.

20

F
An object that floats in water
is less dense than water.

21 Claims • Evidence • Reasoning Write a procedure to determine the density of an irregularly shaped object.
Summarize evidence to support your claim and explain your reasoning.
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Volume is the amount of space that
matter in an object occupies.
To find the volume of a rectangular box,
use the formula:

19

F

Lesson Review

LESSON

1

Vocabulary

Critical Thinking

Fill in the blank with the term that best
completes the following sentence.

Use this table to answer the following questions.

1
2

is the amount of
space that matter in an object occupies.
is anything that has
mass and takes up space.

3

Substance

Density (g/cm3)

Zinc (solid)

7.13

Silver (solid)

10.50

Lead (solid)

11.35

is the amount of
matter in an object.

4

is a measure of the
amount of matter in a given amount of
space.

5

is a measure of the
gravitational force on an object.

10 Claims • Evidence • Reasoning Suppose
that 273 g of one of the substances listed
above displaces 26 mL of water. What is the
substance? Use evidence to support your
claim and explain your reasoning.

Key Concepts
6 Claims • Evidence • Reasoning Make a
claim about whether air is matter. Support
the claim with evidence and explain your
reasoning.

7 Describe Is it possible for an object’s
weight to change while its mass remains
constant? Explain your reasoning.
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8 Claims • Evidence • Reasoning Make a
claim about whether a golf ball is heavier
than a table-tennis ball, even though the
balls are the same size. Summarize evidence
to support the claim and explain your
reasoning.

11 Evaluate How many mL of water would be
displaced by 408 g of lead?

12 Predict How can you determine that a coin
is not pure silver if you know the mass and
volume of the coin?

13 Calculate A truck whose bed is 2.5 m long,
1.5 m wide, and 1.0 m high is delivering
sand for a sand-sculpture competition.
About how many trips must the truck make
to deliver 7 m3 of sand?

9 Calculate A block of wood has a mass of
120 g and a volume of 200 cm3. What is the
density of the wood?

Lesson 1 Introduction to Matter
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