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	TEXT

Chapter 29 Section 1: Structure of the Sun
	Write or draw what you visualize while reading the text.

	
	[image: image1.png]Student Edition. pdf, (SECURED) - Adobe Reader X

Fie Edt Vew Document Tods Window Hep x
& § [ emotom s ] -
Bookmarks
5 Structure of the Sun
Unit 2 Composition of
the Earth out much of human history, people thought that the  OBJECTIVES
Unit 3 History of the suns cnergy came from firc. People kncw that burning a piece . Explain how the sun converts
Earth of coal or wood produced heat and light. They assumed that the  matter into energy n s core
sun, too, burned some type of ful to produce its encrgy. But less 5 Compare the roditive and con-
R than 100 years ago, scientists discovered that the source of the  vective zones of the sun.
sun’ encrgy s quite different from firc > Describe the three layes of the
Units Reshaping the sun's atmosphere
crust
KEY TERMS
UiROCEE The sun appears to the unaided cye as a dazzling, brilliant ball nuclear fusion
Urit 7 Atmospheric that has no distinct features. Because the suns brightness can  radiative zone

convective zone

Forces damage your eyes if you look dircetly at the sun, astronomers

look at the sun only through special filters. Astronomers oftcn  Photosphere
Unita Space e
& use other specialized scientific instruments to study the sun. chromosphere
Chapter 25 corona
S Composition of the Sun
Chapter 27 Planets Scicntists break up the sun's light into a spectrum (plural
of the Solar spectra) by using a device called a spectrograph. Dark lincs form
Systen in the spectra of stars when gascs in the stars’outcr layers absorb
Crrm BT specific wavclengths of the light that passes through the layers
ey The emperatare of e ouer lyers determines which gues ¢ 7
st e e e e By b e pecran oa 5G]
i Star, scientists can determine the amounts of clements that arc INKS,

Chapter 2 The
sun

present in a stars atmosphere. They can also deduce the tem-
perature, density, and pressure of the gas. Because cach clement
Chapter 30 Stars, produces a unique pattern of spectral lincs, astronomers can
Galaxies, and the match the spectral lincs of starlight to those of Earth’s clements
Universe as shown in Figure 1, and identify the clements in the stars

o avaiety of fnks related t this
subject g0 to

*
Topc The Sun
Salinks code: HQg1477

preed] atmosphere.
Ppendix Both hydrogen and helium occur in the sun. About 75%
Glossary of the sun’s mass is hydrogen, and hydrogen and helium together

Index make up about 9% of the sun’s mass. The sun’s spectrum
Acknowledgments vl that the s contains traces o lmostall otber chemical
Hydrogen

B ] ]





	

	
	[image: image2.png]Student Edition. pdf (SECURED) - Adobe Reader

Fle Edt Vew Document Tools Window Help

755 | (777 of 976)

Unit 2 Composition of
the Earth

Unit 3 History of the
Earth

Unit 4 The Dynamic
Earth

Unit S Reshaping the
Crust

Unit 6 Oceans
Unit 7 Atraspheric
Forces
Unit 8 Space
Chapter 26
Studying Space
Chapter 27 Planets
of the Solar
System
Chapter 28 Minor
Bodies of the Solar
System
Chapter 2 The
sun
Chapter 30 Stars,

Galaxies, and the
Universe

Appendix
Glossary

Index
Acknowledgrments

7%

‘The sun appears to the unaided cye as a dazzling, brilliant ball
that has no distinet featurcs. Because the sun’s brightness can
damage your eyes if you look dircetly at the sun, astronomers
look at the sun only through special filters. Astronomers often
use other specialized scientific instruments to study the sun

Composition of the Sun

Scientists break up the sun's light into a spectrum (plural
specira) by using a device called a spectrograph. Dark lincs form
in the spectra of stars when gases in the stars’ outer layers absorb
specific wavelengths of the light that passes through the layers.
The temperature of these outer layers determines which gascs
produce visible spectral lines. By studying the spectrum of a
star, scientists can determine the amounts of clements that are
present in a stars atmosphere. They can also deduce the tem-
perature, density, and pressure of the gas. Because cach clement
produces a unique pattern of spectral lincs, astronomers can
match the spectral lincs of starlight to those of Earth’s clements
as shown in Figure 1, and identify the clements in the stars
atmosphere.

Both hydrogen and helium occur in the sun. About 75%
of the sun's mass is hydrogen, and hydrogen and helium together
make up about 9% of the sun’s mass. The sun’s spectrum
reveals that the sun contains traces of almost all other chemical

s
KEY TERMS

nuclear fusion
radiative zone
convective zone
photosphere
chromosphere

SC[lNKS.
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subject g0 to
*
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>

Figure 1> When light passes
through hydrogen gas and then
throuh a sitn a prism, dark lines
appear in the spectrum. Hydrogen
and lines from other dlements in
the solar spectrum are shown in the
bottom spectrograph. How many
lines are not accounted for by the
presence of hydrogen in the sun's
‘atmosphere?

Section 1 Structure of the Sun 755
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step1

rEd | Jme

Neutron

step2 step3

nuclear fusion the process by which
Pucel of small toms combine to form a
v, more massive nucleus; the process
eleases energy

Nuclear Fusion
A powerful atomic process known as nuclear fusion occurs inside
the sun. Nuclear fuslon is the process of combining nuclei of
small atoms to form more-massive nuclei. Fusion relcases hug
amounts of energy. Nuclei of hydrogen atoms arc the primary
fuel for the sun’s fusion. A hydrogen atom, the simplest of all
atoms, commonly consists of only one clectron and one proton.
Inside the sun, however, clectrons are stripped from the protons
by the sun's intensc heat

Nuclear fusion produces most of the sun’s cnergy and con-
sists of three stcps, as shown in Figure 2. In the first step, two
hydrogen nuclci, or protons, collide and fuse. In this step, the
positive charge of onc of the protons is neutralized as that proton
‘emits a particle called a positron. As a result, the proton becomes
a neutron and changes the original two protons into a proton-
neutron pair. In the sccond step, another proton combines with
this proton-neutron pair to produce a nucleus made up of two
protons and one neutron. In the third step, two nuclei made up
of two protons and one neutron collide and fuse. As this fusion
happens, two protons arc relcased. The remaining two protons
and two neutrons are fused together and form a helium nucleus
During cach step of the reaction, cnergy is releascd

‘The Final Product

One of the final products of the fusion of hydrogen in the sun
is always a helium nucleus. The helium nucleus has about 0.7%
less mass than the hydrogen nuclei that combined to form it do.
The lost mass is converted into energy during the serics of fusion
relcased during the

)
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Pucel of small toms combine to form a
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Nuclear Fusion
A powerful atomic process known as nuclear fusion occurs inside
the sun. Nuclear fuslon is the process of combining nuclei of
small atoms to form more-massive nuclei. Fusion relcases hug
amounts of energy. Nuclei of hydrogen atoms arc the primary
fuel for the sun’s fusion. A hydrogen atom, the simplest of all
atoms, commonly consists of only one clectron and one proton.
Inside the sun, however, clectrons are stripped from the protons
by the sun's intensc heat

Nuclear fusion produces most of the sun’s cnergy and con-
sists of three stcps, as shown in Figure 2. In the first step, two
hydrogen nuclci, or protons, collide and fuse. In this step, the
positive charge of onc of the protons is neutralized as that proton
‘emits a particle called a positron. As a result, the proton becomes
a neutron and changes the original two protons into a proton-
neutron pair. In the sccond step, another proton combines with
this proton-neutron pair to produce a nucleus made up of two
protons and one neutron. In the third step, two nuclei made up
of two protons and one neutron collide and fuse. As this fusion
happens, two protons arc relcased. The remaining two protons
and two neutrons are fused together and form a helium nucleus
During cach step of the reaction, cnergy is re

‘The Final Product

One of the final products of the fusion of hydrogen in the sun
is always a helium nucleus. The helium nucleus has about 0.7%
less mass than the hydrogen nuclei that combined to form it do
The lost mass is converted into cnergy during the scries of fusion
relcased during the
three steps of nuclear fusion causes the sun to shinc and
the sun its high temperature
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The sun's cnergy comes from fusion, and the mass that is lost
during fusion becomes encrgy. In 1905, the physicist Albert
Einstcin, then an unknown patent.office worker, proposed that
a small amount of matter yiclds a large amount of cnergy. At the
time, the existence of nuclear fusion was unknown. In fact, sci
entists had not yet discovered the nucleus of the atom. Einstein's
proposal was part of his special theory of relativity. This theory
included the cquation £ = me’. In this cquation, E rcpresents
eneray produced; m represents the mass, or the amount of ma
ter, that is changed; and ¢ represents the speed of light, which is
about 300,000 kms. Einstein’s cquation can be used to calculate
the amount of encrey produced from a given amount of matter
By using Einsicin'’s cquation, astronomers were able to
explain the huge quantities of encrey produced by the sun. The
cs more than 600 million tons of hydrogen into helium
every sccond. Yet this amount of hydrogen is small compared
with the total mass of hydrogen in the sun. During fusion, a type
of subatomic particle, called a neutrino, is given off. Neutrinos
escape the sun and reach Earth in about cight minutes. Studics
of these particles indicate that the sun is fucled by the fusion of

hydrogen into helium. One apparatus that collects these particles
is shown in Figure 3. Elements other than hydrogen can fuse
too. In stars that arc hotter than the sun, encrgy s produced by

fusion reactions of the nuclei of carbon, nitrogen, and oxyge

K How did the equation E = mc? help sclentists under-
stand the energy of the sun? (see the Appendix for answers to
Reading Checks)

Modeling Fusion

Procedure

1. Mark six coins by using a marker or wax pencil.
Puta Pfor “proton” on the head side of cach coin
and an N for “neutron” on the tailside of the coins

2. Place two coins Pside up. These two protons each

nucleus,

4

N~

4. Repeat steps 2and 3 &
0 form 3 second ‘e

¢
5. Next, model the usion ﬂ

Figure 3 » In apan, tis gant tank
of pure water,which was only partly
il when the photo was taken,
captures subatomic partcles that fly
ot of the sun during nuclear fusion

&)
)
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fadiation and convection. 2

Sunspot ——
3800°C

Radiative

_ Photosphere
6000°C

Convective zone

2000000 (AL 2.000,000°C
107,000.000°C

The Size of Our Sun

Procedure

1. Using a compass, draw a large
ircle near the edge of a piece
of butcher paper to represent
the sun.

. Measure the diameter (D) of
your “sun.”

. Calculate the size of Earth and
Jupite, and compare the sizes
with the size of the sun n step
1 by using the following values:
Dlsun) = 1.4 X 10°m
Dupiter) = 1.4 x 10 m
DEarth) = 1.3 x 10 m

4. Now, draw Earth and Jupiter to
scale on your mode,

Analysis

1. The diameter of the sun's core
is about 175,000,000 m. How
does size of the core compare
with that o Earth and Jupiter?

758 Chapter 29 The Sun

)

Scientists can't sce inside the sun. But computer models have
revealed what the invisible layers may be like. In recent years
carcful studics of motions on the sun’s surface have supplied
more detail about what is happening inside the sun. The parts of
the sun are shown in Figure 4.

The Core

At the center of the sun is the core. The core makes up 25% of
the sun’ total diameter of 1,390,000 km. The temperature of the
sun’s core is about 15,000,000°C. No liquid or solid can exist at
such a high temperature. The corc, like the rest of the sun, is
made up entircly of ionized gas. The mass of the sun is 300,000
times the mass of Earth. Because of the sun's large mass, the
pressure from the sun's mate nter of the
sun is morc than 10 times as densc as iron.

The enormous pressurc and high temperature of the sun's
core cause the atoms to scparate into nuclei and clectrons,
On Earth, atoms generally consist of a nucleus surrounded by
one or more electrons. Within the core of the sun, however, the
energy and pressure strip clectrons away from the atomic nuclei
The nuclei have positive charges, so they tend to push away
from cach other. But the high temperature and pressure fore
the nuclei closc cnough to fuse. The most common nuclear
reaction that occurs inside the sun is the fusion of hydrogen
into helium.
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The Radlative Zone

Before reaching the sun's atmosphere, the cnergy produced in
the core moves through two zones of the sun’s interior. The zonc
surrounding the corc is called the radlative zone. The temper
ture in this zon ranges from about 2,000,000°C to 7,000,000°C.
In the radiative zone, encrgy moves outward in the form of cle
tromagnetic waves, or radiation

The Convective Zone

Surrounding the radiative zone is the convective zone, where
temperatures are about 2,000,000°C. Encrgy produced in the
core moves through this zone by convection. Convection is the
transfer of energy by moving matter. On Earth, boiling water car-
rics encrgy upward by convection. In the sun’s convective zonc,
hot gases carry energy to the sun’s surface. As the hot gases move
outward and expand, they lose energy. The cooling gases become
denser than the other gases and sink to the bottom of the convee-
tive zone. There, the cooled gases arc h

the radiative zone and risc again. Thus, encrgy is transferred to
the sun’s surface as the gases rise and sink

Surrounding the convective zone is the sun’s atmosphere
Although the sun is made of gascs, the term atmosphere refers
to the uppermost region of solar gases. This region has threc
layers—the photosphere, the chromosphere, and the corona.

The Photosphere
‘The inncrmost layer of the solar atmosphere is the
photosphere. Photosphere means “sphere of
light” The photosphere is made of gases
that have riscn from the convective zone.
The temperature in the photosphere is
about 6,000°C. Much of the cne:
en off from the photosphere is
in the form of visible light. The
layers above the photosphere are
transparent, so the visible
is the light that is scen from

radiative zone the zone of the sun's
Interor that s between the core and the
convective zone and In which enargy
moves by radition

convective zone the region ofthe sun's
Interor hat s between the radiive zone
and the photosphere and In which energy
1s amied upward by convection
‘photosphere the visble surface of
the'sun

Figure 5 » The photosphere s
referred to as the sun'ssurface
because this layer i the vsible
surface of the sun
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core moves through this zone by convection. Convection is the
transfer of energy by moving matter. On Earth, boiling water car-
rics encrgy upward by convection. In the sun’s convective zonc,
hot gases carry energy to the sun’s surface. As the hot gases move:
outward and expand, they lose encry. The cooling gases become
denser than the other gases and sink to the bottom of the convee-
tive zone. There, the cooled gases are heated by the cnergy from
the radiative zone and risc again. Thus, cnergy is transferred to

the sun’ surface as the gases risc and sink.

The Sun’s Atmosphere
Surrounding the convective zone is the sun’s atmosphere.
Although the sun is made of gases, the term atmosphere refers

to the uppermost region of solar gases. This region has threc
layers—the photosphere, the chromosphere, and the corona.

The Photosphere
The innermost layer of the solar atmosphere is the
photosphere. Photosphere means “sphere of
light” The photosphere is made of gases
that have risen from the convective zone.
The temperature in the photosphere is
about 6,000°C. Much of the encrey
given off from the photosphere is
in the form of visible light. The
layers above the photospherc arc
transparent, so the visible light
is the light that is scen from
Earth. A photo of the sun’
photosphere s shown  in
‘The dark spots arc
of about 3,800°C
led sunspots

cool ar
and are c

TN what ayers
make up the sun' atmos.
phere? (See the Appendix for
answersto Reading Checks)

T Documer

The photosphere is
referred to as the sun's surface.
because this layer is the visible
surface of the sun.
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2. Wdentify the two clements that make up most of

3. Wdentify the end products of the nuclear fusion

The Chromosphere
Above the photosphere lics the chromosphere, or color spherc.
This is a thin layer of gases that glows with reddish light that is
typical of the color given off by hydrogen. The chromosphe:
temperature ranges from 4,000°C to 50,000°C. The gases of the
chromosphere move away from the photosphere. In an upward
movement, Jarly forms narrow jets of hot gas that shoot
outward to form the chromosphere and then fade away within a
few minutes. Some of these jets reach heights of 16,000 km.
Spacecraft study the sun from above Earth’s atmosphere.
These spacecraft can detect small details on the sun bet
they measure wavelengths of light that arc blocked by Earths
atmosphere. Movies made from these spacecraft images show
how features on the sun rise, change, and sometimes twist

The Sun’s Outer Parts

Just above the chromosphere is a thin zone called the transition
region where the temperature rises dramatically. The outermost
layer of the sun's atmosphere is the corona (kuh ROH nuh), or
crown. The corona is a huge region of gas that has a temperature

Chapter 27 Plangts A above 1,000,000°C. The corona is not very dense, but its magnctic
of the Solar aumosphers ficld can stop most subatomic particles from escaping into space.
System However, clectrons and clectrically charged particles called ions
do stream out into space as the corona expands. These particles
Chapter 28 Minor 0 stream out int 4 X X
e e ke up the solar i, whih flows outvard rom the un 0 the
EEED “The chromosphere and the corona arc normally not scen from
Chapter 29 The Earth because the sky during the day is too bright. Occasionally
= however, the moon moves between Earth and the sun and blocks
Chapter 30 Stars, out the light of the photosphere. The sky darkens, and the corona
Galaxies, and the becomes visible, as shown in Figure 6.
Universe R
eview

Appendic

a
pl . Describe how scientist use spectra to determine  CRITICAL THINKING

8. Making Inferences Describe whether the
‘amount of hycrogen in the sun willncrease or
decrease over the next few million years. Explain
your reasoning

9. Analyzing Ideas Why does fusion occur in the
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Key Concepts
1. The enormous pressure and heat in the sun’s core converts matter into energy through the process of _________________________________________.

2. Nuclear fusion combines four hydrogen nuclei to form one ________________ nucleus.

3. Energy from the sun’s _________________ moves through the radiative zone and the convective zone before it enters the sun’s atmosphere.

4. The sun’s atmosphere is composed of the photosphere, the chromosphere, and the _______________________.
5. _________________________________________ forms when electrons and electrically charged particles called ions from the corona travel out into space.
