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Imagine a raisin cake rising in a kitchen oven. If you were able to
sit on one raisin, you would see all the other raisins moving away
from you, as shown in Raisins that are farther away in
the dough when it begins rising move away faster because there
B is more cake between you and them and because the whole cake
is expanding. The situation is similar with galaxies and the uni-
verse. By using Hubble's observations, astronomers were able to
determine that the universe was expanding.

et The Big Bang Theory Emerges
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By the mid-20th century, almost all astronomers accepted
the big bang theory. An important discovery in the 1960s finally
convinced most of the remaining scientists that a sudden event,

the big bang, had taken place.
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The Expanding Universe

Procedure

1. Use amarker to make 3 dots n a row on an nonin-
fated balloon. Label them “A” “8,” and “C.” Dot
8 should be coser to A than dot C is to 8.

2 Blow the balloon up just unt it taut. Pinch the
balloon o keep it infated, but do not te the neck.

3. Use string and a ruler to measure the distances
between A and B, 8 and C, and A and C.

4. With the balloon still nflated, blow into the balloon
unt its dameter s twice as rge.

5. Measure the distances between A and 8, 8 and
C,and A.and C. For cach set of dots, sublract the
original distances measured n step 3 from the new
distances. Then, dvide by 2, because the
balloon is about twice as lrge. Ths calculation will
give you the rate of change for each pair o dots.

6. Repeat steps 4 and' 5.

Cosmic Background Radiation

In 1965, researchers using radio telescopes detected cosmic
background radiation, or low levels of energy evenly distributed
throughout the universe. Astronomers think that this background

radiation formed shortly after the big bang,

Analysis
1. Did the distance between A and 8, between &
and C, or betwween A and C show the oreatest rate
of change?
2. Suppose dot A
represents Earth
and that dots §
and C represent
galasies. How
does the rate.
atwhich galax-
fes are moving
away fromus
relate to how
farthey are
from Earth?

cosmic background radiation radhation
uniformly detected from every direction
in space; considered  remnant of the big
bang

‘The universe soon after the big bang would have been very

hot and would have cooled to a great extent by now. The energy
of the background radiation has a temperature of only about 3°C
above absoliute zero, the coldest temperature possible. Because
absolute zero is about -273°C, the cosmic background radiation’s

temperature is about 270°C below zero.

Like any theory, the big bang theory must continue to be
tested against each new discovery about the universe. As new
information emerges, the big bang theory may be revised, or a

new theory may become more widely accepted.

Ripples in Space

Maps of cosmic background radiation over the whole
sky look very smooth. But on a map that shows where
temperatures differ from the average background
temperature, “ripples” become apparent, as shown in
Figure 4. These ripples are irregularities in the cosmic
background radiation, which were caused by small
fluctuations in the distribution of matter in the early
universe. The ripples may indicate the first stages in the

formation of the universe’s first galaxies.

Figure 4 » Thi display is shown on
half a globe that represents the sky
as seen from Earth. The temperature
diference between the red spots and
theblue spotsis only 2/10,000°C.
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Figure 5 » Studies of the
cosmic background radiation
show that mater, like that of
which you and these spectacular
spiral galasies are made, makes up
only 4% of the universe.
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Review

1. Describe how red shifts were used by cosmologists
to determine that the universe is expanding.

2. Summarize the big bang theory.

3. List evidence that supports the big bang theory.
4. Compare the amount of visible mater n the uni-

A Universe of Surprises

Recent data based on the ripples in the cos-
mic background radiation and studies of
the distance to supemovas found in ancient
galaxies have forced astronomers to rethink
some of the theories about what makes up
the universe. Astronomers now think that
the universe is made up of more mass and
energy than they can currently detect.

Dark Matter

Surprisingly, analyzing the ripples in the
cosmic background radiation tells us
that the kinds of matter that humans, the
planets, the stars, and the matter between
the stars are made of makes up only 4% of
the universe, as shown in Figure 5. Another
23% of the universe is made up of a type of matter that does not
give off light but that has gravity that we can detect. Because this
type of matter does ot give off light, it is called dark matter.

Dark Energy

Another surprise is that most of the universe is composed of
something that we know almost nothing about. The unknown
‘material is called dark energy, and scientists think that it acts as
a force that opposes gravity. Recent evidence suggests that dis-
tant galaxies are farther from Earth than current theory would
indicate. So, many scientists conclude that some form of unde-
tectable dark energy is pushing galaxies apart. Because of dark
energy, the universe is not only expanding, but the rate of expan-
sion also seems o be accelerating.

6. Evaluating Theories Use the big bang theory to
‘explain why scientists do not expect to find galax-
s that have large blue shifts.

7. Identifying Relationships Why do observations
‘made of distant galaxiesincicate that dark encrgy
eists?

verse with the total amount of matter and energy.

CRITICAL THINKING

CONCEPT MAPPING

8. Use the following terms to create a concept map:
cosmic background radiation, dark energy, red shif,

5. Inferring Relationships How did the distibution
of matter in the carly universe affect how we are.
able to detect cosmic background radiation today?

dark matte, big bang theory,and gaaxies.

796 Chapter 30 Stars, Galaxies, and the Universe




