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Astronomers have carefully observed sunspots for
hundreds of years. Observations of sunspots showed
astronomers that the sun rotates. Later, astronomers
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vary in a cycle that lasts about 11 years.
V" A sunspot cycle begins when the number of sun-

spots is very low but begins to increase. Sunspots

‘, JH initially appear in groups about midway between

U the sun's equator and poles. The number of sunspots

increases over the next few years until it reaches a

s 1035 1 peak of 100 or more sunspots. Then, sunspots at

vear higher latitudes slowly disappear, and new ones

Figure 2> The sunspot ccielsts appear closer fo the sun's equator. Figure 2 shows

an average of 11 years. When willthe  that after the peak, the number of sunspots begins to decrease

next high point n the cycleoccu?  until it reaches a minimum. Another 11-year cycle begins when
the number of sunspots begins to increase again.

Sunspot number

Solar Ejections

Many other solar activities are affected by the sunspot cycle. The
solar-activity cycle is caused by the changing solar magnetic field.
This eycle is characterized by increases and decreases in various
types of solar activity, including solar ejections. Slar ejections
are events in which the sun emits atomic particles. These events
include prominences, solar flares, and coronal mass ejections.

Connectionto  ASTRONOMY

Total Solar Irradiance

Astronomers once thought that the sun's energy output — means that the whole spectrum of sunlightis included,

remained steady. They called the amount of soar ot just the visble part.

energy that a square centimeter of the top of Earth's The total solar irradiance varies by about 0.2%

atmosphere receives each second the soar constant.  over the 11-year sunspot cycle. It i highest when the

Earth’s atmosphere causes an amount of energy thatis  sunspot cycleis atits maximum. Individual sunspots,

less than the solar constant to reach Earth's surface. however, can temporarily block 2 small amount of
Carelul spacecralt observations made outside Earth's  the energy that

atmosphere have shown, however, that the solar comesfrom the

constant isn't constant. Observations made by the Solar  sun and thus

Maximum Misson fist showed the effect. Thesolar  lower the total
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The magnetic fields that cause sunspots
also create other disturbances in the sun’s
atmosphere. Great clouds of glowing gases,
called prominences, form huge arches that
reach high above the suns surface. Each
solar prominence follows curved lines of
magnetic force from a region of one mag-
netic polarity to a region of the opposite
magnetic polarity. Some prominences may
last for several weeks, while others may
erupt and disappear in hours. The gas in
prominences is very hot and is commonly
associated with the chromosphere.

Solar Flares
‘The most violent of all solar disturbances
is a solar flare, a sudden outward eruption
of electrically charged p
electrons and protons. The trigger for these
eruptions is unknown. However, scientists
know that solar flares release the energy
stored in the strong magnetic fields of sunspots. This release of
energy can lead to the formation of coronal loops, such as the
ones shown in

Solar flares may travel upward thousands of kilometers within
minutes, but few eruptions last more than an hour. During a peak
in the sunspot eycle, 5 to 10 solar flares may occur each day. The
temperature of the gas in solar flares may reach 20,000,000°C.
Some of the particles from a solar flare escape into space. These
particles increase the strength of the solar wind.

ticles, such as

Coronal Mass Ejections
Particles also escape into space as coronal mass ejections, or parts.
of the corona that are thrown off the sun. As the gusts of parti-
cles strike Earth's sagnetosphere, or the space around Earth that
contains a magnetic field, the particles can generate a sudden
disturbance in Earth’s magnetic field. These disturbances are
called geomagnetic storms. Although several small geomagnetic
storms may occur each month, the average number of severe
storms is less than one per year

‘Geomagnetic storms have been known to interfere with radio
communications on Earth. The high-energy particles that cir-
culate in Earth’s outer atmosphere during geomagnetic storms
can also damage satellites. They can also lead to blackouts when
power lines become overloaded. Not all solar activity is so dra-
matic, but the activity of the sun affects Earth every day.

ATEIXTE How do coronal mass ejections affect communica-
tions on Earth? (See the Appendix for answers (o Reading Checks)

Aloop of coronal gas
an arch half a millin kilometers or
more above the sun’s surface.

prominence aloop ofreatively cool,
incandescent gas that extands sbove the

photosphere
solar flare an explosive release of energy
that comesfrom the sun and thatis
associated with magnetic disturbances on
the sun's surface

coronal mass efection a partof
coronal gas thatis thrown into space
from the sun

Magnetic Flelds
Magnelic fclds on the

sun diffr greaty from cach
other. Field densits at the poles are.
0.001 tesas (T, while feld densites
near sunspots e up 10 0.3 T. How
many times the densites of fields at
the sun's poles are densite of fields
near sunspots?
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[image: image3.jpg]Figure 4 » Auroras, such as these.
over Canada, can fll the entire

sky. When high-energy particies
strike oxygen atoms in the upper
atmosphere, green curtains form.
When low-chergy partilesstrike
oxygen atoms, red curtains form.

aurora colored light produced by
charged partides from the solar wind and
from the magnetosphere that react vith
and excite the oxygen and nitrogen of
Earth's upper atmosphere; usualy seen

in the sky near Earths magnetic poles
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For a variety oflinks related to this
subject, go o scilinks org,

‘Topic: Solar Activity w

Salinks code: HOS14S

Review

1. Explain why sunspots are cooler than surrounding

areas on the sun's surface.

2. dentify the number of sunspots that are on the.
sun during the peak of the sunspot cycle.

3. Summarize how the lattude of sunspots vaies dur-

ing the sunspot cydl.

4. Explain how prominences are diferent from solar

flares.

5. Summarize the cause of auroras on Earth.

Auroras

On Earth, a spectacular effect of the interaction between the solar
wind and Earth’s magnetosphere is the appearance in the sky of
bands of light called auroras (aw RAWR uhz). Figure 4 shows an
example of an aurora. Auroras are usually seen close to Earth's
‘magnetic poles because electrically charged particles are guided
toward Earth's magnetic poles by Earth's magnetosphere. The
electrically charged particles strike the atoms and gas molecules
in the upper atmosphere and produce colorful sheets of light.
Depending on which pole they are near, auroras are called north-
ern lights—or aurora borealis (aw RAWR uh 2AVR ce AL is)—or
southem lights—or aurora australis.

Auroras normally occur between 100 and 1,000 km above
Earth's surface. They are most frequent just after apeak in the sun-
spot cycle, especially after solar flares oceur. Across the northern
contiguous United States, auroras are visible about five times per
year. In Alaska, however, people can see auroras almost every clear,
darknight. Astronauts in orbit canalsolook down on Earthand see
auroras. But Earth is not the only planet that has auroras
Spacecraft have recorded auroras on Jupiter and Saturn.

CRITICAL THINKING
6. Identifying Relationships How can a sunspot be
bright but look dark?

7. Analyzing ldeas Why doesn't the whole sun rotate:
at the same rate?

CONCEPT MAPPING

8. Use the following temns to create a concept map:

sunspot, prominence, solar flare, soar-activty cycle,
and coronal mass ejection.
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