Student GuidetoActivity 1. Features of the Sun

Problem: What do the following featureslook like on photographs of the Sun:
sunspots, plages, solar flares, prominences, filaments, the corona, helmet streamers,
and coronal holes? How do these features compare and contrast?

project an image through a card or sheet of notebook paper,

i L pierced with pin sized hole, onto a sheet of white paper. The
Sun’s inverted image will appear on the paper below.

| ntroduction

/ Caution: Never look directly at the Sun. To view the Sun,

Our Sun isamiddle-aged, medium sized star, big enough to hold amillion Earths. The
ancient Greeks thought that the Sun was a perfect sphere of fire. Today we know that the
Sunisavariable (changeable) star that produceslife giving light and heat aswell as
harmful radiation. It causes space weather that can harm astronauts working in space and
can interfere with satellites orbiting our planet.

Features of the Sun’s Surface and Atmosphere:

Although the average distance from , \
Earth to the Sun is awhopping ;7N
149,600,000 kilometers (93,000,000 VPN L
miles), careful observation from Earth oA PR
reveals a surprisingly large number of iy, = St / / |
different visible features. The most X 0T

obvious and best known feature is the
sunspot. Typically moving in groups, these
dark (in visible light), planet-sized features
have been known to humankind for centuries.
As sunspots form and disappear over periods of
days or weeks, they also appear to move across the
Sun’s surface. Composed of strong magnetic fields,
sunspots are shaped much like a horseshoe magnet that

rises from below the Sun’s surface. More accurately, however,
flexible magnetic tubes, or “flux tubes,” probably give rise to the
magnetic fields that we see. The rising hot gasis trapped by the

sunspots’ intense magnetic field which cools the sunspots from 6000 ¥2C to §
about 4200 ¥2C. The cool area appears dark compared to the areaaround it. o ®
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Thus, from Earth, we see spots on the Sun. In some photographs, we can aso see light
colored areas around groups of sunspots that resemble tufts of cotton candy. We call
these fluffy looking fringes plages.

Sunspots are the source of massive releases of energy called solar flares, the most violent
eventsin the solar system. In amatter of minutes to several hours, asolar flare releases
about 10,000 times the annual energy consumption of the U.S. Solar flares give off
radiation that includes X-rays, ultraviolet rays, and charged particles called protons and
electrons. This sudden surge in radiation can damage spacecraft and even give a dose or
radiation to travelers flying in airplanes over the polar regions.

Also visible for only min-
utes, are granulationsin
the Sun’s photosphere.
Granulations are rising and
falling columns of hot gases
that look like fluffy marsh-
mallows arranged in a
honeycomb pattern. The
tops of these granules form
the Sun’s “surface” Al-
though we refer to the Sun’'s
“surface” asthe photo-
sphere, you probably know
that the Sun has no solid
surface, unlike Earth. Itis
an uneven sphere of glow-
ing, hot gas!

Courtesy of the Lockheed Palo Alto Research Laboratory and

the National Astronomical Observatory in Japan.

The bright areas in the X-ray image from the Japanese Yohkoh
satellite are called “active regions,” which contain hot, dense
gas. They are also the source of the most intense X-ray
eminations. The dark areas are coronal holes.

Just as the Sun disappears behind the Moon during atotal solar eclipse, aflash of bright
red light appears. This colorful layer of the Sun, called the chromosphere, becomes
visible for abrief instant. Although we know little about the chromosphere, there are
curious, permanent features of the chromosphere, called spicules, that we can study in
more detail. There are so many of these fine, bright, hairlike features, that they are
aways visible near the Sun’s edge, even though an individual spicule lasts only minutes.
Like sunspots, spiculesrise and fall vertically above the Sun’s surface.

One of the most spectacular features of the Sun are solar prominences. They appear to
stream, loop and arch away from the Sun. The most recognizable prominences appear as
huge arching columns of gas above the limb (edge) of the Sun. However, when promi-
nences are photographed on the surface of the Sun, they appear as long, dark, threadlike
objects and are called filaments. Like sunspots, prominences are cooler (about

10,000 ¥2C) in relation to the much hotter background of the Sun’s outer atmosphere
(about 1,500,000 %2C). Prominences can also erupt from the Sun with atremendous burst

of energy.
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If you have seen photographs of a solar eclipse, then you have probably noticed a bright
halo around the Sun, called the corona. Sometimes parts of the corona appear to be
missing. Logically, we call thisareaacoronal hole. Scientists believe that the solar
wind, amillion mile per hour gale that blows away from the Sun, originates in coronal
holes. Unlike wind on Earth, the solar wind is a stream of ionized (electrically charged)
particles speeding away from the Sun.

The Sun’s corona changes with sunspot activity. When there are more sunspots, the
corona appears to be held closely to the Sun; when there are fewer sunspots, the corona
streams out into space in a shape that resembles the spike on awarlike, peaked helmet
called helmet streamers. While helmet streamers are long-lived, their demise often
occurs abruptly through massive and powerful eruptions called coronal mass g ections
(CMEs).

Courtesy of the LosAlamos National Laboratory

Artist’s conception of a coronal mass gection moving away from the Sun toward Earth.

These huge clouds of hot solar gas and magnetic fields are often associated with solar
flares. They can cause magnetic storms when they hit Earth’s magnetic field and dam-
age human technological systemsin space and on the ground. For example, in 1989, the
Quebec province in Canada suffered an electrical blackout because many transformers
were destroyed by alarge magnetic storm. That one storm caused many millions of
dollars worth of damage. A powerful solar flare erupted from the Sun about three days
before the start of the storm at Earth. Even when the Sun is not too active, solar storms
can cause problems. A magnetic storm on January 11, 1997 was blamed for the loss of a
$270 million dollar AT& T communications satellite. This moderate storm was caused by
acoronal mass gjection that erupted from the Sun even though there were no noticeable
sunspots.
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ACTIVITY 1 STUDENT WORKSHEET

Features of the Sun’s Interior

Core - central part of the Sun where hydrogen fuses into helium to give off energy.
Radiation zone - energy from the Sun’s core travel s outward through this area.
Convection zone - hotter gasesrise and fall asthey are heated from the radiation zone
below much like a boiling pot of water.

Procedure;

1. Use the following process to learn the features of the Sun. Working in groups of three
or four, draw the Sun with as many features as you know about, and make a list of those
L e features. Write down these ideas and copy the group diagram in the space below. When
your group is done, send someone to get the materials for the activity.

2. Inyour group, read the description of our Sun (* Features of the Sun’s Surface and
Atmosphere”’) provided in your Student Guide. Compare what you read to your group’s
picture. Asyou read, locate the boldface words from the reading that are on the accom-
panying schematic diagram titled “ The Sun” (Figure 1). f»"w@
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3. Cut out the accompanying labels that name the features of the Sun (There are more
labels than you need in case some get lost.) Place labels of the Sun’s features on the
photographsin Figures 2 and 3 so that the arrow on the label points to the name of the
feature where it islocated. You are to identify as many different featuresin the time
allowed, including locating the same feature on as many different photographs as pos-
sible.

Note: Identify a feature only once per photograph even though it may appear in several
different places.

4. Asagroup, on alarge sheet of paper, draw and color a sketch for the exterior features
of the Sun that were identified on the photos. The drawings are to be as redlistic as
possible. Compare the new drawing to your initial drawing. How many features did you
know about and how many were new? Write this information in the space provided.

5. Post your group’s drawing somewhere in your room as directed by the teacher. When
all the drawings are posted, you will take a“wisdom walk” (without talking, go around
the room and view the other groups’ drawings).

6. Find someone who was not in your group to pair up with. Spend a minute thinking on
your own about what you saw in the diagrams of the Sun. Then discuss your observa-
tions and ideas with your partner. Record your ideas in the space provided, along with
any questions you might have about features on the Sun.
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7. Inthe space provided below, write a short essay that answers the “Problem”
guestion(s) at the beginning of this activity.
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