- should be able to.'descerE'--'t__hg"-
structure and rotation of the sun,

'ESSENTIAL QUESTION .

What are the
propen‘les of
the sun?

By the end of this leSson,_-you_{-y

energy productlon and energy
transport in the sun, and sqlar
activity on the sun. -
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prominence

Different types o‘F activity
occur on the sun’s surface.
This loop of gas that ex‘l'ends
ouvtward from the sun’s
surface is a prominence.
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Lesson Labs

Quick Labs
® Model Solar Composition
* Model Solar Rotation
S.T.E.M. Lab

* Create a Model of the Sun

1 Predict Check T or F to show whether you think
each statement is true or false.

T F

The sun is composed mostly of
hydrogen and helium.

WEd e
[1 [ Energyisproduced in the sun’s core,
Bl

The process by which energy is
produced in the sun is known as
nuclear fission.

[l [ Energyis transferred to the surface
of the sun by the processes of
radiation and conduction.

[1 [ Adarkarea of the sun’s surface that

is cooler than the surrounding areas
is called.a sunspot.

2 Explain Inyour own words, explain the
meaning of the word sunlight.

— B e e P O R WL i

3 Synthesize You can often define an unknown
word if you know the meaning of its word parts.
Use the word parts and sentence below to make
an educated guess about the meaning of the
word photosphere. -

. Word Part Meaning
photo- light
-Sphere i ball
Example sentence

Energy Is transferred to the sun’s photosphere
by convection cells.

photosphere:
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5 Identify Asyou read the text,
underline different discoveries
"that scientists have made about
the sun.

A solar flare, which
is shown in this
image, is a sudden.
explosive release of
energy in the sun’s
atmosphere.
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What do we know about the sun?

Since early in human history, people have marveled at the sun.
Civilizations have referred to the sun by different names. Qods
and goddesses who represented the sun were worshipped in '
different cultures. In addition, early astronomical observatories
were established to track the sun’s motion across the sky.

By the mid-19th century, astronomers had discovered that
the sun was actually a hot ball of gas that is composed mostly of
the elements hydrogen and helium. Scientists now know tha:t 1_:he.:
sun was born about 4.6 billion years ago. Every second, 4 m11.hon ;
tons of solar matter is converted into energy. Of the light en’lntted
from the sun, 41% is visible light, another 9% is ultraviolet light,
and 50% is infrared radiation. And, perhaps most important of all,
without the sun, there-would be no life on Earth.

Avg. dist. from Earth 149.6 million km

Diameter '1,'390,000 km

Average density L41gfcm?

Period of rotation 25 days (equator); 35 days (poles)

Avg. surface temp. 5,527 °C

Core temp. 15,000,000 °C

Composition 74% hydrogen, 25% helium, 1% other elements

YETLZ] You Try It

6 Calculate The diameter of Earth is 12,756 km. How many times greater is
" ‘the sun’s diameter than the diameter of Earth?

Frrcers Pulilie Compeny e Greite: GSelertHaliomp e Obsenelon cmserim(EANASA/Saane Soure/Flol fesearees, e
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_What is the structure of the sun?

The composition of the sun and Earth are different. However, the
two bodies are similar in structure. Both are spheres. And both
have a layered atmosphere and an interior composed of layers.

In the middle of the sun is the core. This is where energy is
produced. From the core, energy is transported to the sun’s surface
through the radiative zone and the convective zone. '

The sun’s atmosphere has three layers—the photosphere,
the chromosphere, and the corona. The sun’s surface is the
photosphere. Energy escapes the sun from this layer. The
chromosphere is the middle layer of the sun’s atmosphere. The

‘tendperature of the chromosphere rises with distance from the

photosphere. The sun’s outer atmosphere is the corona. The corona
extends millions of kilometers into space.

; Corona The corona is the
| outer atmosphere of the sun.
- Temperatures in the corona

e

may reach 2,000,000 °C.

Chromoéphere The
chromosphere is the

' middle layer of the sun’s

atmosphere. Temperatures

' in the chromosphere
 increase outward and
' reach a maximym of about

6,000 °C. G

s

Photosphere The bhotoaphere

| is the visible surface of '
' the sun. It is the layer from

which energy escapes into
space. The photosphere has
an average temperature of

Convective Zone The

- convective zone is the layer

- of the sun through which

- énergy travels by convection
| from the radiative zone to the
| photosphere.

Radiative Zone The radiative
zone Is the layer of the sun
through which energy is
transferred away from the core
by radiation. e

7 Analyze Why is the structure
of the sun different from the
structure of Earth?

Core The core is the very

“dense center of the sun. The

core has a temperature of
15,000,000 °C, which is hot
enough to cause the nuclear
reactions that produce energy
in the sun.



8 Discussion Einstein’s equation

~ E = mc?is probably the most
famous equation in the world.
With your cl'assmat_es, discuss the

kinds of technologies that rely

on the conversion of matter to

energy.

| Think Outside the Book

How does the sun produce energy?

Early in the 20th century, physicist Albert Einstein proposed that
matter and energy are interchangeable. Matter can change into

~ energy according to his famous equation E = mc”. E is energy, m is

mass, and c is the speed of light. Because ¢ is such a large number,
tiny amounts of matter can produce huge amounts of energy.
Using Einstein’s formula, scientists were able to explain the huge
quantities of energy produced by the sun.

By Nuclear Fusion
Scientists know that the sun generates energy through the process
of nuclear fusion. Nuclear fusion is the process by which two or more
low-mass atomic nuclei fuse to form another, heavier nucleus.
Nuclear fusion takes place in the core of stars. In stars that have_
core temperatures similar to the sun’s, the-fusion process that fuels
the star starts with the fusion of two hydrogen nuclei. In older
stars in which core temperatures are hotter than the sun’s, the
fusion process involves the fusion of helium into carbon.

Step 1: Deuterium Two hydrogen nuclei (protons)
collide. One proton emits particles and energy and
then becomes a neutron. The proton and neutron
combine to produce a heavy form of hydrogen
called deuterium.

i i e e
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© Houghton Mifflin Harcourt Publishing Company

By the Fusion of Hydrogen into Helium

The most common elements in the sun are hydrogen and

helium. Under the crushing force of gravity, these gases are
compressed and heated in the sun’s core, where temperatures reach
15,000,000 °C: In the sun’s core, hydrogen nuclei sometimes fuse to
form a helium nucleus. This process takes three steps to complete,
This three-step process is illustrated below. .

Most of the time, when i)rptons are on a collision course with
other protons, their positive charges instantly repel them. The
protons do not collide. But sometimes one proton will encounter
another proton and, at that exact moment, turn into a neutron and
eject an electron. This collision forms a nucleus that contains one
proton and one neutron. This nucleus is an isotope of hydrogen

called deuterium. The deuterium nucleus collides with another

proton and forms a variety of helium called helium-3. Then, two
helium-3 nuclei collide and form a helium-4 nucleus that has two
protons and two neutrons. The remaining two protons are released
back into the sun’s core.

The entire chain of fusion reactions requires six hydrogen
nuclei and results in one helium nucléus and two hydrogen nuclei.
There are approximately 10* collisions between hydrogen nuclei

taking place in the sun’s core every second, which keeps the sun
shining.

Step 2: Helium-3 Deuterium combines with
another hydrogen nucleus to form a variety of
helium called helium-3. More energy, including
gamma rays, is released.
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Step.3: Helium-4 Two helium-3 nuclei combine to
form helium-4, which releases more energy and a
pair of hydrogen nuclei (protons).
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Active Reading

10 Identify As you read the text,
underline the steps in the
_nuclear fusion process in the
sun.
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The tops of -
convection cells
form granules on’
the sun’s surface.

i
O <

How is energy_transferred to the
sun’s surface? |

Energy is transferred to the surface of the sun by two different
processes. Energy that is transferred from the sun’s core through
the radiative zone is transferred by the process of radiation.
Energy that is transferred from the top of the radiative zone
through the convective zone to the photosphere is transferred

by the process of convection. Energy flow from the sun’s core
outward to the sun's surface by radiation and convection happens

continuously.

11 Compare How is energy transferred from the
sun’s core to the sun’s surface in the radiative
zone and in the convective zone?

Radiative zone Convective zone

By Radiation |
When energy leaves the sun’ core, it moves into the radiative
zone. Energy travels through the radiative zone in the form
of electromagnetic waves. The process by which energy is
transferred as electromagnetic waves is called radiation.
The radiative zone is densely packed with particles such
as hydrogen, helium, and free electrons. Therefore,
electromagnetic waves cannot travel directly
through the radiative zone. Instead, they are
repeatedly absorbed and re-emitted by particles
until they reach the top of the radiative zone.

Rot, rising gases and
colder, sinking gases form
E -convection cells in the
P convective zone.

How does thé sun rotate?

The sun rotates on its axis like other large bodies
in the solar system. However, because the sun is
a giant ball of gas, it does not rotate in the same
way as a solid body like Earth does. Instead, the
sun rotates faster at its equator than it does at
higher latitudes. This kind of rotation is known
as differential rotation. Differential rotation is the
rotation of a body in which different parts of a
body have different periods of rotation. Near the
equator, the sun rotates once in about 25 days.

By Convection

Energy that reaches the top of ‘the radiative

zone is then transferred to the sun’s surface. In

the convective zone, energy is transferred by the
movement of matter. Hot gases rise to the surface of
the sun, cool, and then sink back into the convective
zone. This process, in which heat is transferred by the
circulation or movement of matter, is called convection.

The sun’s period of rotation

Convection takes place in convection cells. A convection cell | Boweres seths sale ik : ;
is illustrated on the opposite page. Convection cells form granules ) abowu: 3e5r’ daa : & Poies; e st rotates orice.in varies with latitude.
on the surface of the sun. Hot, rising gases cause bright spots to 8 E ty ' LS it ot el , ,
form in the centers of granules. Cold, sinking gases cause dark : ! . W LR - el L UIESTIA -

e 1 thg . p | Og g }:‘ i Energy :s‘ transferred from interior does not rotate in the same way as the 12 Define In your own words, define the term
areas to rorm a Ong ee geS 0 granu €s§. unce energy reacnes e ﬂe sun's core fhrough fhe i : 3 . b i i di i

h here. i isible light. other f f radiati ] ; N sun’s surface does. Scientists think that the sun’s ifferential rotation.
photosphere, it escapes as visible light, other forms of radiation, radiative and convective »E ’ sore anidl Eadiabis e vt R .
heat, and wind. -~ ! & 2
_ ‘ zones to the sun’s surface. | same speed. Therefore, the sun’s radiative zone .

and core rotate like-Earth.
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The Ring of Fire

What is solar activity?

Solar activity refers to variations in the appearance or energy
- output of the sun. Solar activity includes dark areas that occur on
the sun’s surface known as sunspots. Solar activity also includes
‘sudden explosive events on the sun’s surface, which are called solar
flares. Prominences are another form of solar activity. Prominences
are vast loops of gases that extend into the sun’s outer atmosphere.

Sunspots

Dark areas that form on the surface of the sun are called sunspots.
They are about 1,500 °C cooler than the areas that surround them.
Sunspots are places where hot, convecting gases are prevented
from reaching the sun’s surface.

Sunspots can appear for periods of a few hours or a few
months. Some sunspots are only a few hundred kilometers across.
Others have widths that are 10 to'15 times the diameter of Earth.

Sunspot activity occurs on average in 11-year cycles. When
a cycle begins, the number of sunspots is at a minimum. The
number of sunspots then increases until it reaches a maximum.
The number then begins to decrease. A new sunspot cycle begins
when the sunspot number reaches a minimum again.

Sunspots, solar flares, and
prominences are three
' kinds of solar activity that
occur on the sun'’s surface.

Sunspot Activity from 1600 to 2000
200 T

| |

‘ | | {
Maunde i |
Minimum-————

(1545—17?5)

Sunspot Number
i i
(=] (=2}
o o

[42)
(=]

IRLPAELLY You Try It

13 Analyze The sunspotrange is the difference between the maximum
number of sunspots and the minimum number of sunspots for a certain
period of time, To find this range, subtract the minimum number of
sunspots from the maximum number of sunspots. What is the range of
sunspot activity between 1700 and 18007?

.

solar flare

prominence -—\’

Solar Flares

Solar flares appear as very bright spots on the
sun’s photosphere. A-solar flare is an explosive
release of energy that can extend outward

as far as the sun’s outer atmosphere. During

a solar flare, enormous numbers of high-
energy particles are ejected at near the speed
of light. Radiation is released across the entire

| electromagnetic spectrum, from radio waves to

x-rays and gamma rays. Températures within
solar flares reach millions of degrees Celsius.

14 Compare Use the Venn diagram below to compare
solar flares and prominences.

Solar flares

Prominences

Huge loops of relatively cool gas that extend
outward from the photosphere thousands
of kilometers into the outer atmosphere are
called prominences. Several objects the size of
Earth could fit inside a loop of a prominence.
The gases in prominences are cooler than the
surrounding atmosphere.

Prominences generally last from several

hours to a day. However, some prominences can

last for as long as several months.

Prominences




15 Identify the six layers of the sun, beginning
with the rnnermos"l’ |ayer.

16 B what process is the sun’s energy
fmnspor'fed in ]ayer A7

By what process is the sun s energy
fransporfed in layer B?

17 Describe In your own words, describe the process of energy production
by nuclear fusion in the sun.

‘84 Unit 2 The Solar System

© Houghton Mifflin Harcourt Publishing Company 4

© Houghton Mifflin Harcourt Publishing Company

Vocabulary

Fill in the blank with the term that best completes

the followmg sentences.

1 The process by which two or more low-mass
atomic nuclei fuse to form another, heavier
nucleus is called

2 A is a dark area on the surface
of the sun that is cooler than the surrounding
areas. -

3A ' is a loop of relatively
cool gas that extends above the photosphere.

Key Concepts

In the following table, write the name of the
correct layer next to the definition.

Definition
4 ldentify What is the
layer of the sun from

which energy escapes
into space?

Lesson Review

5 ldentify What is the
layer of the sun in which
energy is produced?

6 Identify What is
the layer of the sun
through which energy
is transferred away from
the core by radiation?

Critical Thinking

Use the illustration to answer the following
questions. -

9 Determine How many days does it take for the
sun to spin once on its axis at location A? How
many days does it take for the sun to spm once
on its axis at location B?

10 Compare How is the rotation of the sun
different from the rotation of Earth?

7 Identify What is the composition of the sun?

8 Explain What is the sunspot cycle?

11 Explain In your own words, explaih how
energy is transported from the core to
the surface of the sun by radiation and by
convection.
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