The Sun’s Layers

The Sun is an ordinary star, but it’s important to you. The
Sun is the center of the solar system, and the closest star to
Earth. Almost all of the life on Earth depends on energy from
the Sun.

Notice the different layers of the Sun, shown in Figure 6, as
you read about them. Like other stars, the Sun is an enormous
ball of gas that produces energy by fusing hydrogen into helium
in its core. This energy travels outward through the radiation
zone and the convection zone. In the convection zone, gases
circulate in giant swirls. Finally, energy passes into the Sun’s
atmosphere.

The Sun’s Atmosphere

The lowest layer of the Sun’s atmosphere and the layer from
which light is given off is the photosphere. The photosphere
often is called the surface of the Sun, although the surface is not a
smooth feature. Temperatures there are about 6,000 K. Above the
photosphere is the chromosphere. This layer extends upward
about 2,000 km above the photo-
sphere. A transition zone occurs
between 2,000 km and 10,000 km Core
above the photosphere. Above the
transition zone is the corona. This is
the largest layer of the Sun’s atmo-
sphere and extends millions of kilo-
meters into space. Temperatures in
the corona are as high as 2 million K.
Charged particles continually escape
from the corona and move through
space as solar wind.

Prominence

Figure 6 Energy produced in the Sun’s /
core by fusion travels outward by radiation Sunspots
and convection. The Sun’s atmosphere

shines by the energy produced in the core.

Wat You'll Learn

m Explain that the Sun is the clos-
est star to Earth.

® Describe the structure of the Sun.

®m Describe sunspots, prominences,
and solar flares.

W@ It's Important

The Sun is the source of most
energy on Earth.

® Review Vocabulary
cycle: a repeating sequence of
events, such as the sunspot cycle

New Vocabulary
e photosphere @ corona
e chromosphere e sunspot

Photosphere

Radiation
zone

Convection
zone

Corona

Chromosphere
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Figure 7 Sunspots are bright,
but when viewed against the rest
of the photosphere, they appear
dark. Notice how these sunspots
move as the Sun rotates.
Describe the Sun’s direction of
rotation.

This is a close-up photo of a large
sunspot.

Surface Features

From the viewpoint that you observe the Sun, its surface
appears to be a smooth layer. But the Sun’s surface has many fea-
tures, including sunspots, prominences, flares, and CMEs.

Sunspots Areas of the Sun’s surface that appear dark because
they are cooler than surrounding areas are called sunspots. Ever
since Galileo Galilei made drawings of sunspots, scientists have
been studying them. Because scientists could observe the move-
ment of individual surispots, shown in Figure 7, they concluded
that the Sun rotates. However, the Sun doesn’t rotate as a solid
body, as Earth does. It rotates faster at its equator than at its
poles. Sunspots at the equator take about 25 days to complete
one rotation. Near the poles, they take about 35 days.

Sunspots aren’t permanent features on the Sun. They appear
and disappear over a period of several days, weeks, or months.
The number of sunspots increases and decreases in a fairly regu-
lar pattern called the sunspot, or solar activity, cycle. Times when
many large sunspots occur are called sunspot maximums.
Sunspot maximums occur about every 10 to 11 years. Periods of
sunspot minimum occur in between.

WALEELIOEELE® What is a sunspot cycle?

Prominences and Flares Sunspots are related to several
features on the Sun’s surface. The intense magnetic fields
associated with sunspots might cause prominences, which are
huge, arching columns of gas. Notice the huge prominence in
Figure 8. Some prominences blast material from the Sun into
space at speeds ranging from 600 km/s to more than 1,000 km/s.

Gases near a sunspot sometimes brighten suddenly, shooting
outward at high speed. These violent eruptions are called solar
flares. You can see a solar flare in Figure 8.
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CMEs Coronal mass ejections (CMEs) occur when large
amounts of electrically-charged gas are ejected suddenly from
the Sun’s corona. CMEs can occur as often as two or three times
each day during a sunspot maximum.

- CMEs present little danger to life on Earth, but they do
have some effects. CMEs can damage satellites in orbit
around Earth. They also can interfere with radio and power
distribution equipment. CMEs often cause auroras, High-
energy particles contained in CMEs and the solar wind are
carried past Earth’s magnetic field. This generates electric
currents that flow toward Earth’s poles. These electric cur-
rents ionize gases in Earth’s atmosphere. When these ions
recombine with electrons, they produce the light of an
aurora, shown in Figure 8.

Figure 8 Features such as solar prominences and solar flares can reach
hundreds of thousands of kilometers into space. CMEs are generated as
magnetic fields above sunspot groups rearrange. CMEs can trigger events
that produce auroras.

Solar prominence

Sc?:ncloss _

Topic: Space Weather

Visit bookj.msscience.com for Web
links to information about space
weather and its effects.

Activity Record space weather
conditions for several weeks. How
does space weather affect Earth?

Solar flare

Aurora borealis,
or northern lights
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Figure 9 Most stars originally
formed in large clusters containing
hundreds, or even thousands, of

stars.

Draw and label a sketch of the

double cluster.

The Sun—An Average Star

The Sun is an average star. It is middle-aged, and its
absolute magnitude is about average. It shines with a
yellow light. Although the Sun is an average star, it is
much closer to Earth than other stars. Light from the
Sun reaches Earth in about eight minutes. Light from
other stars takes from many years to many millions of
years to reach Earth.

The Sun is unusual in one way. It is not close to any
other stars. Most stars are part of a system in which two
or more stars orbit each other. When two stars orbit
each other, it is called a binary system. When three stars
orbit each other, it is called a triple star system. The clos-
est star system to the Sun—the Alpha Centauri system,
including Proxima Centauri—is a triple star.

Stars also can move through space as a cluster. In a star clus-
ter, many stars are relatively close, so the gravitational attraction
among the stars is strong. Most star clusters are far from the

solar system. They sometimes appear as a fuzzy patch in the

night sky. The double cluster in the northern part of the constel-

lation Perseus is shown in Figure 9. On a dark night in autumn,
you can see the double cluster with binoculars, but you can’t see
its individual stars. The Pleiades star cluster can be seen in the
constellation of Taurus in the winter sky. On a clear, dark night,
you might be able to see seven of the stars in this cluster.

The Sun’s Layers

Surface Features

Summary

® The Sun’s interior has layers that include the
core, radiation zone, and convection zone.

The Sun’s Atmosphere

® The Sun’s atmosphere includes the photos-
phere, chromosphere, and corona.

® The number of sunspots on the Sun varies
in a 10- to 11-year cycle.

@ Auroras occur when charged particles from the Applying Skills
Sun interact with Earth’s magnetic field. : -

The Sun—An Average Star

® The Sun is an average star, but it is much
closer to Earth than any other star.
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reaview
Self Check

. Explain why the Sun is important for life on Earth.
. Describe the sunspot cycle.
. Explain why sunspots appear dark.
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. Explain why the Sun, which is an average star, appears
so much brighter from Earth than other stars do.

5. Think Critically When a CME occurs on the Sun, it
takes a couple of days for effects to be noticed on
Earth. Explain.

. Communicate Make a sketch that shows the Sun’s

layers in your Science Journal. Write a short descrip-
tion of each layer.
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