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The Expanding
Universe

Reading Preview

Objectives
After this lesson, students will be able to
J.4.5.1 State the big bang theory.
J.4.5.2 Explain how the solar system
formed.
J.4.5.3 Describe what astronomers predict
about the future of the universe.

Target Reading Skill
Identifying Supporting Evidence Explain
that identifying supporting evidence helps
students understand the relationship
between the evidence and the theory.
Answer
One possible way to complete the graphic
organizer:
Evidence:
Moving Galaxies: All galaxies are moving
away from us and from one other.
Cosmic Background Radiation: This glow
comes from thermal energy left over from
the big bang explosion.

Key Concepts
• What is the big bang theory?
• How did the solar system form?
• What do astronomers predict
about the future of the universe?

Key Terms
• big bang • Hubble’s law
• cosmic background radiation
• solar nebula • planetesimal
• dark matter • dark energy

How Does the Universe Expand?
1. Use a marker to put 10 dots on an empty balloon. The dots
represent galaxies.
2. Blow up the balloon. What happens to the distances between
galaxies that are close together? Galaxies that are far apart?
Think It Over
Inferring If the universe is expanding, do galaxies that are close
together move apart faster or slower than galaxies that are far
apart? Explain.

Target Reading Skill
Identifying Supporting
Evidence As you read, identify
the evidence that supports the big
bang theory. Write the evidence in
a graphic organizer like the one
below.
Evidence
Theory

Moving
galaxies

The Andromeda Galaxy is the most distant object that the
human eye can see. Light from this galaxy has traveled for about
3 million years before reaching Earth. When that light finally
reaches your eye, you are seeing how the galaxy looked
3 million years ago. It is as though you are looking back in time.
Astronomers have photographed galaxies that are billions
of light-years away. Light from these galaxies traveled for billions of years before it reached Earth. From these observations,
astronomers are able to infer the age of the universe.

Big bang

How the Universe Formed
Astronomers theorize that the universe began billions of years
ago. At that time, the part of the universe we can now see was
no larger than the period at the end of this sentence. This tiny
universe was incredibly hot and dense. The universe then exploded in what astronomers call the big bang.

Teaching Resources

• Transparency J45

Preteach
Build Background
Knowledge

The Expanding Universe

 Nearly every visible
object in this image is
a distant galaxy.

L2

Expanding Explosion
Ask students who have seen a fireworks
display to describe a single rocket exploding
in the sky. Ask: After the rocket explodes,
in what direction do the particles move?
Guide students to see that the particles move
away from one another. Ask: What do you
think would happen if the particles from
the explosion did not burn out and fade?
(Possible answer: They would probably keep
moving away from one another until they
hit the ground or something on their way
to the ground.)

L1
Skills Focus Inferring
Materials balloon, felt-tip marker
Time 10 minutes
Tips Make sure that students mark the
balloon before inflating it. Advise students
to mark some dots close together and
some farther apart.

Expected Outcome The dots on the
balloon spread apart as the balloon
expands.
Think It Over As the universe expands,
galaxies that are closer together move
apart more slowly than galaxies that are
farther apart.

Instruct

How the Universe
Formed
Teach Key Concepts

According to the big bang theory, the universe formed in
an instant, billions of years ago, in an enormous explosion.
Since the big bang, the size of the universe has been increasing
rapidly. The universe is billions of times larger now than it was
early in its history.
As the universe expanded, it gradually cooled. After a few
hundred thousand years, atoms formed. About 200 million
years after the big bang, the first stars and galaxies formed.
If the big bang theory is accurate, what evidence might you
expect to find in today’s universe? You might expect that the
matter that had been hurled apart by the big bang would still
be moving apart. You might also expect to find evidence of
energy left over from the explosion.

FIGURE 21
Retreating Galaxies
All of the distant galaxies
astronomers have observed are
moving rapidly away from our
galaxy and from each other.

Moving Galaxies An American astronomer, Edwin Hubble,
discovered important evidence that later helped astronomers to
develop the big bang theory. In the 1920s, Hubble studied the
spectrums of many galaxies at various distances from Earth. By
examining a galaxy’s spectrum, Hubble could tell how fast the
galaxy is moving and whether it is moving toward our galaxy or
away from it.
Hubble discovered that, with the exception of a few nearby
galaxies, all galaxies are moving away from us and from each
other. Hubble found that there is a relationship between the
distance to a galaxy and its speed. Hubble’s law states that the
farther away a galaxy is, the faster it is moving away from us.
Hubble’s law strongly supports the big bang theory.

L2

The Big Bang Theory
Focus Have students imagine that they can
see ripples on a pond, moving out in rings
from a center. Point out that they do not
know what disturbed the pond to make the
ring. Ask: How do you know that a rock
was thrown in or that a fish came up and
touched the surface? (You can see the rings
extending from a point of contact.)
Teach Tell students that astronomers look
for indirect evidence in the same way to
support the big bang theory. Ask: What
theory describes the formation of the
universe? (The big bang) What does this
theory state? (The universe formed in an
instant from an enormous explosion.) What
evidence would support the big bang
theory? (Matter that had been hurled apart
by the big bang would still be moving apart,
and energy produced by the explosion would
be detectable.)
Apply Remind students that scientific
theories are hypotheses that have been
supported by many independent
observations or experiments. Emphasize that
theories are subject to change as additional
evidence becomes available. learning
modality: verbal

Teaching Resources

• Transparency J46

Independent Practice

L2

Teaching Resources

• Guided Reading and Study Worksheet:
The Expanding Universe
Student Edition on Audio CD

Differentiated Instruction
L1
Special Needs
Interpreting Light-Years Students may
have difficulty with the concept that we see
distant stars as they were in the past, not as
they are in the present. Remind students
that if a star is five light-years away, its light
would take five years to reach Earth. Ask:

How long would it take light from a star
that is 100 light-years from Earth to reach
Earth? (100 years) When we look at this
star, do we see it as it is now? (No, we
see it as it was 100 years ago.) learning
modality: logical/mathematical

Monitor Progress

L2

Drawing Have students draw their own
versions of the big bang. Then give students
reference materials that illustrate the big
bang. Have students compare their drawings
to the illustrations and revise their drawings
if necessary.

Galaxy Movement

Answers
1. About 2.5 billion light-years; about
39,000 km/sec
2. Hydra; Virgo
3. The greater the distance from Earth, the
greater the speed of the galaxy.
4. Its speed would be close to zero.

80,000

Speeding Galaxies
Use the graph to answer the questions below
about moving clusters of galaxies.
1. Reading Graphs How far away is the
Bootes cluster? How fast is it moving?
2. Reading Graphs Which galaxy is moving
away the fastest? Which galaxy is closest
to Earth?
3. Drawing Conclusions How are the
distance and speed of a galaxy related?

Cosmic Background Radiation

Focus Tell students that the universe was
much hotter shortly after it formed. Remind
them that very hot objects emit shorter
wavelength radiation than cooler objects do.
Teach Partially inflate a long, slender
balloon. Draw a waveform with short
wavelength. Tell students that the
background radiation had a short
wavelength (probably similar to those of
visible light) after the universe formed.
Inflate the balloon more and show students
how the wavelength increases.
Apply Ask: What happened to the cosmic
background radiation as the universe
expanded? (Its wavelength increased.) Tell
them that the background radiation today
consists of microwaves. learning modality:
visual

Hydra

60,000
Bootes

40,000

20,000

Ursa Major
Virgo

0
0

4. Predicting Predict the speed of a galaxy
that is 80,000 light-years from Earth.

L2

Materials long, slender balloon, magic
marker
Time 5 minutes

Speed (thousand km/s)

Math Skill Making and interpreting graphs
Focus Remind students that graphs show a
relationship between two or more factors.
Teach Advise students to use the lines across
the graph to help them identify the x and y
values for each point.

FIGURE 22
Rising Dough
The galaxies in the universe are
like the raisins in rising bread
dough. Making Models How
does rising raisin bread dough
resemble the expanding
universe?

1

2
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4

Distance From Earth
(billion light-years)

To understand how the galaxies are moving, think of raisin
bread dough that is rising. If you could shrink yourself to sit on
a raisin, you would see all the other raisins moving away from
you. The farther a raisin was from you, the faster it would
move away, because there would be more bread dough to
expand between you and the raisin. No matter which raisin
you sat on, all the other raisins would seem to be moving away
from you. You could tell that the bread dough was expanding
by watching the other raisins.
The universe is like the bread dough. Like the raisins in the
dough, the galaxies in the universe are moving away from each
other. In the universe, it is space that is expanding, like the
dough between the raisins.
Cosmic Background Radiation In 1965, two American
physicists, Arno Penzias and Robert Wilson, accidentally detected
faint radiation on their radio telescope. This mysterious glow was
coming from all directions in space. Scientists later concluded
that this glow, now called cosmic background radiation, is the
leftover thermal energy from the big bang. This energy was distributed in every direction as the universe expanded.
Age of the Universe Since

astronomers can measure
approximately how fast the universe is expanding now, they
can infer how long it has been expanding. Based on careful
measurements of how fast distant galaxies are moving away
from us and the cosmic background radiation, astronomers
estimate that the universe is about 13.7 billion years old.

Formation of the Solar System

Formation of the
Solar System

After the big bang, matter in the universe separated into
galaxies. Gas and dust spread throughout space. Where
the solar system is now, there was only cold, dark gas
and dust. How did the solar system form? The leading
hypothesis is explained below.
The Solar Nebula About five billion years ago, a
giant cloud of gas and dust collapsed to form our solar
system. A large cloud of gas and dust such as the one
that formed our solar system is called a solar nebula.
Slowly, gravity began to pull the solar nebula together.
As the solar nebula shrank, it spun faster and faster. The
solar nebula flattened, forming a rotating disk. Gravity
pulled most of the gas into the center of the disk, where
the gas eventually became hot and dense enough for
nuclear fusion to begin. The sun was born.
Planetesimals Meanwhile, in the outer parts of the

Teach Key Concepts
A cloud of gas and dust
formed a spinning disk.

Gas in the center of the
disk collapsed to form the sun.

disk, gas and dust formed small asteroid-like bodies called
planetesimals. These formed the building blocks of the
planets. Planetesimals collided and grew larger by sticking
together, eventually combining to form the planets.
The Inner Planets When the solar system formed,
temperatures were very high. It was so hot close to the
sun that most water and other ice-forming materials
simply vaporized. Most gases escaped the gravity of the
planets that were forming in this region. As a result, the
inner planets, Mercury, Venus, Earth, and Mars, are relatively small and rocky.

The remaining gas and
dust formed the planets.

L2

Solar System Formation
Focus Direct students’ attention to
Figure 23.
Teach Ask: What was the first stage in the
formation of the solar system? (A giant
cloud of gas and dust collapsed to form a solar
nebula.) What force pulled the solar nebula
together? (Gravity) How did the planets
form? (Dust and gas formed small asteroidlike bodies, called planetesimals. These
planetesimals collided and grew larger,
eventually forming the planets.)
Apply Inform students that nonrigid round
masses flatten into disks when they spin,
which explains why the solar system has a
flat shape. Challenge students to list other
examples of round objects flattening into
disks when they spin. (Possible answer: When
spun, pizza dough assumes a flattened shape.)
learning modality: visual

Teaching Resources

• Transparency J47

The Outer Planets In contrast, farther from the sun

it was much cooler. As the planets in this region grew,
their gravity increased and they were able to capture
much of the hydrogen and helium gas in the surrounding space. As a result, the planets Jupiter, Saturn, Uranus, and Neptune became very large. Beyond these gas
giants, a huge disk of ice and other substances formed,
with a cloud of such substances farther out. This disk
and cloud are the main sources of comets. Pluto also
formed in this region as part of the icy outer disk.

The solar system
includes the sun, planets,
and belts of rock, ice, and dust.
FIGURE 23
How the Solar System Formed
The solar system formed from a
collapsing cloud of gas and dust.

What is a solar nebula?

Monitor Progress
Differentiated Instruction
L1
English Learners/Beginning
Comprehension: Modified Cloze
Students may need extra help to
understand such analogies as the “bread
dough model.” Ask students to complete
the following analogies and describe their
relationships. Hat is to head as glove is to
_____ . (Hand; something worn on part of
the body) Moon is to Earth as Earth is to
_____. (Sun; in orbit around another body)

Raisins are to dough as galaxies are
to _____. (Universe; separate as expansion
occurs) learning modality: verbal
L2
English Learners/Intermediate
Comprehension: Modified Cloze Have
students complete the Beginning activity
and then create a different analogy that
describes the expanding universe.

learning modality: verbal

L3

Skills Check Have students make a timeline
that shows the events from the moment
of the big bang to the present, including the
formation of the solar system.
Answers
Figure 22 As the dough expands, the raisins
move farther apart. As the universe expands,
its galaxies move farther apart.
A large cloud of gas and dust
in space such as the one that
formed the solar system

The Future of the Universe

The Future of
the Universe
For: Links on the
expanding universe
Visit: www.SciLinks.org
Web Code: scn-0645

For: Links on the expanding universe
Visit: www.SciLinks.org
Web Code: scn-0645

Download a worksheet that will guide students’ review
of Internet resources on the expanding universe.

Teach Key Concepts

L2

Predicting the Future of the Universe
Focus Remind students that scientific
knowledge is not static; theories are often
revised as new evidence becomes available.
This is particularly true in the field of
astronomy, where new discoveries are
occurring constantly.
Teach Ask: If the universe continues to
expand, what might happen to galaxies?
(Possible answer: They will spread farther and
farther apart.) What evidence supports the
theory that the universe might expand
forever? (Galaxies appear to be moving apart
faster now than they were in the past)
Apply Tell students that the idea that
galaxies will continue to move apart at an
accelerating rate is sometimes called the Big
Rip. Remind them that the fate of the
universe is not completely understood.
Astronomers estimate that the universe is
composed of 73 percent dark energy, 23
percent dark matter, and 4 percent “normal
matter.” learning modality: verbal

FIGURE 24
Vera Rubin
Astronomer Vera Rubin’s
observations proved the
existence of dark matter.

What will happen to the universe in the future? One possibility
is that the universe will continue to expand, as it is doing now.
All of the stars will eventually run out of fuel and burn out, and
the universe will be cold and dark. Another possibility is that
the force of gravity will begin to pull the galaxies back together.
The result would be a reverse big bang, or “big crunch.” All of
the matter in the universe would be crushed into an enormous
black hole.
Which of these possibilities is more likely? Recent discoveries
have produced a surprising new view of the universe that is still
not well understood. New observations lead many astronomers to conclude that the universe will likely expand forever.
Dark Matter Until fairly recently, astronomers assumed that
the universe consisted solely of the matter they could observe
directly. But this idea was disproved by the American astronomer Vera Rubin. Rubin made detailed observations of the rotation of spiral galaxies. She discovered that the matter that
astronomers can see, such as stars and nebulas, makes up as
little as ten percent of the mass in galaxies. The remaining mass
exists in the form of dark matter.
Dark matter is matter that does not give off electromagnetic radiation. Dark matter cannot be seen directly. However,
its presence can be inferred by observing the effect of its gravity
on visible objects, such as stars, or on light.
Astronomers still don’t know much about dark matter—
what it is made of or all of the places where it is found. But
astronomers estimate that about 23 percent of the universe’s
mass is made of dark matter.
An Accelerating Expansion In the late 1990s, astronomers observed that the expansion of the universe appears be
accelerating. That is, galaxies seem to be moving apart at a
faster rate now than in the past. This observation was puzzling,
as no known force could account for it. Astronomers infer that
a mysterious new force, which they call dark energy, is causing
the expansion of the universe to accelerate. Current estimates
indicate that most of the universe is made of dark energy and
dark matter.
Astronomy is one of the oldest sciences, but there are still
many discoveries to be made and puzzles to be solved about this
universe of ours!
What is the effect of dark energy?

Monitor Progress

L2

Answer

It is causing the expansion of
the universe to accelerate.

Assess
Reviewing Key Concepts

FIGURE 25
Dark Matter
Astronomers measured the effect of gravity on light
to produce this computer image of how dark matter
(in blue) is distributed across a cluster of galaxies.
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Section 5 Assessment

Target Reading Skill Identifying Supporting
Evidence Refer to your graphic organizer about
the big bang theory as you answer Question 1
below.
Reviewing Key Concepts
1. a. Deﬁning What was the big bang?
b. Summarizing When did the big bang occur?
c. Describing Describe two pieces of evidence
that support the big bang theory.
2. a. Summarizing How old is the solar system?
b. Relating Cause and Effect What force
caused the solar system to form?
c. Sequencing Place the following events in
the proper order: planets form;
planetesimals form; solar nebula shrinks;
nuclear fusion begins in the sun.

3. a. Deﬁning What is dark matter?
b. Explaining How do scientists know that

dark matter exists?
c. Predicting What evidence has led scientists

to predict that the universe will continue to
expand forever?

1. a. The big bang was a giant explosion
after which all of the matter in the universe
began moving apart. b. About 13.7 billion
years ago c. Hubble’s law, the observation
that the farther away a galaxy is, the faster
it is moving away from Earth, and cosmic
background radiation, which is radiation left
over from the big bang
2. a. About five billion years old b. Gravity
pulled the solar nebula together and then
pulled most of the gas into the center of the
disk, where the gas eventually became hot
and dense enough for nuclear fusion to
begin and form the sun. c. Solar nebula
shrinks; nuclear fusion begins in the sun;
planetesimals form; planets form
3. a. Matter that does not give off
electromagnetic radiation b. Its presence
can be inferred by observing the effect of its
gravity on visible objects, such as stars, or on
light. c. The expansion rate of the universe
appears to be increasing.

Reteach

L1

Have students summarize the evidence for
the big bang theory.
Stargazing Plan an evening of stargazing with
adult family members. Choose a dark, clear
night. Use binoculars if available and the star
charts in Appendix B to locate the Milky Way
and some interesting stars that you have
learned about. Explain to your family what
you know about the Milky Way and each
constellation that you observe.

Performance Assessment

Teaching Resources

• Section Summary: The Expanding
Universe
• Review and Reinforce: The Expanding
Universe
• Enrich: The Expanding Universe
Stargazing L2 Encourage students to
identify a star on the chart and then try
to find it in the sky. Then they can
reverse the exercise, finding an
interesting star in the sky and trying to
locate it on the charts. Allow class time
for volunteers to describe their
experiences with their families.

L2

Writing Tell students to assume the identity
of a planet in our solar system. Then have
each of them write a narrative that describes
how the chosen planet formed.

