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The eight major planets of our solar system combined ceniain 250 times the
qurface area of Ratth. This vast tervitory includes environments baked
by heat and radiation (Mercury) and frozen colder than ice
(Neptuns). Venus, the most Barth-like planet in size, has an atmosphere of
carbon dioxide and sulfuric acid that would be instantly fatal to any form of
life on Barth, Our own erystal blue world is unique in having the right
balance of temperature and envitonment to sustain life—or 18 it? Might
there be unusual forms of life, unknown to us, on the other planeis?
Qeientists have recently discovered living organisms that feed off hot
sulfur cmissions from volcances on the ocean floor. These organisins
might be able to survive on Venus. In this chapter, you will read about
the planets, the Sun, and other objects in our solar system.

o/ How did scientists develop the model
for our sofar systam?

o/ Why do we observe various astronomical
cycles on Earth?

¢/ What makes a planet a planet?

»
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26.1 Motion and the Solar System

Many objects in the sky appear to change position, and somctimes their shape, over time. For
example, the Moon appears to change its shape each night along with the time and position that it
rises and sets on the horizon (Figure 26.1). Ancient astronomers kept track of those changes and
devcloped calendars based on their obscrvations. Eventually, a conceptual model of our solar
system and its motion began to develop. In this scction, you will learn how that model developed
and changed over time.

Observing patterns in the sky

The position of Have you ever noticed that the position of the sunrise and sunset appears to
. tha sunsetand  shift along the horizon throughout the year? Ancient astronomers used a
sunsise changes  Jandmark, such as a building or tree, to mark the point where the Sun rose or
overtime get each day. By marking the extreme positions of the Sun at sunrize or
sunset, they could determine the passage of one year.

Theriging and In contrast to the Sun and the Moon, the rising and seiting positions of the
sefting positions  stars do uof appear to change aleng the horizon over short periads of time.
ofthestars do  However, the fime that stars rise or sct cach night gradually changes during a
notchange over year A result of this gradual change in rising and setting (imes is that
fime  gifferent constellations arc visible in the night sky at differont times of the
year. A constellation is a group of stars that, when seen from Earth, form a
pattern. Perhaps the most familiar of the 88 recognized constellations is the
Big Dipper, which is part of a larger constellation called Ursa Major---the
Great Bear (Figure 26,2),
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indering stars  Through their observations of the night sky, ancient astronomers noticed that

" five bright objects seemed to wander among the constellations. They called
these five objects planets, from the Greek word meaning “wandering star,”
and named them Mercury, Venus, Mars, Jupiter, and Saturn. It took hundreds

“of years, and many scientists, to figure out an explanation for the motion of
the planets. Fven though they did not have telescopes, ancient astronomers
found ways to predict the motion of the planets and began to develop early
madels of our solar syatem.

: ’lha apparent Early astronomers had difficulty explaining the apparent paths of the planets.

2paths of the  If you observe the position of a planet among the constellations cach night

planats gver many months, you will notice that it appears to travel in a cerfain path.
On a daily basis, a planet appears fo travel from West fo East against the
background of constellations. Occasionally a planet appears to reverse
dircction, and travels from cast to west. Then, the planet goes back to its west
to east path, Figure 26.3 shows the apparent path of a planet over the course
of many months.

In 140 AD, the Greek astronomer
Piolemy developed a model that
explained the apparent path of the
planets (Figure 26.4}. He hypothesized
that each plangt moved on a circle,
which, in turn, moved on a larger
circle around Harth. Ptolemy reasoned
that the smaller circles caused the
apparent “backward” path of the
planets (see the diagram at the left). In
his model, the stats moved ona
“cclestial sphere” beyond the planets.
o Ptolemy’s model assumed that Earth

* was at the center of the solar system,
However, his model allowed others to only approximately predict the motions
of the planets.

of the sclar
gystem

Figure 26.3: The apparent path of a

_planet over many montha.

Figure 26.4: Piolemy’s model
explained the apparent path of the
planeta.

26.1 MOTION AND THE SOLAR SYSTEM
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The Sun is at the
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The Sun%&ﬁ&&m@ﬂ modoel

In 1543, the Barth-centered model of the solar system was challenged by a
Polish astronomer named Nicolas Copernicus, Whilc the Ptolemaic model
could predict the positions of the planets,

center af the
solar system

Copernicus found that its predictions

became less and less accurate over the centuries. In Copernicus’ mode, the
Sun was at the center of the solar system and the planets, including Earth,
orbited in circles around the Sun. Copernicus reasoned that the apparent
backward paths of the plancts were the result of Earth's motion, combined
with the motion of the other planets (Figure 26.5).

Pianats refiect
light from the
Sun

The invention of the ielescope supported the Sun-centered modcl of the solar
system. Before telescopes, it appeared that the planets gave off fheir own
light. Today, we know that we see the planets because they reflect light from

the Sun. For example, Venus appears as a crescent like the Moon, becoming

dark at times, This is because Vehus

" does not give off its own light. When
Earth is ont the same side of the Sun a8
Venus, we see Venus's shadowed side.

Galileo and the
tefescope

The phases of Venus, discovered by
Galileo in the 1600s, were part of the
evidence that eventually overtened
Ptolemy’s model, Using a telescope
he built himself, Galileo made two
discoveries that strongly supported
Copernicus’ ideas. First, he argued
that the phases of Venns could not be
explained if Earth were at the center
of the plancts {right, top). Second, he
saw that there were four moons
orhiting Jupiter {right, bottom). This
showed that not everything in the sky
revolved around one central object
such as Earth.

“Manus orbits:Sun

" Gravitat|

for
elatively w
The I
- Khive
gravitai
of the solar aystem placed the Sun atik
cénter, Hie model aleo showed how il
apparent paths of the plunets were thi ik
result of Earth’s motion, combined ini'y
the motion of the other planets.
and the Mo
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H VOCABULARY B
‘Al objects In 1687, Isaac Newion’s addition to our understanding of gravity helped gravitational force - the force of
. atteact  astronomers explain why objects in the sclar system orbit each other. attraction between all objects.

Gravitatlonal force is the force of attraction between all objects. The law of universal gravitation -
gravitational force that you are most familiar with is the one between you and states that the strength of the
Barth. We call this force your weight. But gravitational force is also acting gravitational force depends on the

mass of the objects and the distange

between the Sun, Barth, and the other planets. All objects that have mass !
betwaan them.

atfraci each other through gravitational {orces,

“Gravitational You don’t notice the attractive force belween ordinary objects because gravity
forcais s a relatively weak force. For cxample, a pravitational force exists between

nlatively weak you and this book, but you cannot feel it because both miasses arc small

. (Figure 26.6). It takes a hugc mass, such as Earth’s, to create gravitational

forces that are strong encugh to feel and measurc.

Thelawof The law of universal gravitation explains how the strength of the force

. universal depends on the mass of the objects and the distance between them. As you can
gravitation gee from the cquation below, gravitational force increases as the masses of the
objects increase. The distance between objects also affects gravitational foree
but in an inverse way. The closer objects are to each other, the sironger the
gravitational force between them. The farther apart, the weaker the
gravitational force.

Comparing Gravitational Forces

' Book
H mass =2 kg

" T —n . N
ﬁfﬁﬁ-ﬁu@: GRa Mm_{j\k'ﬂl' S Mﬁsztkgl _
anets Foet)—J = (G 12
Gravitalional constant . Distance hatween xr Eanh O
(6.67 x 101 Nsm?/kg?) - o - mass.T and mass 2 () mass = 6 trllifon kg

The strength of gravity on the surface of Earth is 5.8 Nfkg. Like pounds, Figure 26.6: The gravitational force
newtons are a measure of fﬂr-:;e. There are 4,448 newtons per one pound. bettwsen you and Earth is stronger than
Farth and a 1-kilogram object attract cach other with 9.8 newtons of force. In ¢ force betieen vou and your book
comparison, the strength of gravity on the Moon is only 1.6 N/kg. Your because of Earth’s large mass.

weight on the Moon would be one-sixth what it is on Earth, The Moon’s mass '

is much less than Earth’s, so it creates less gravitational force.
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Kaplor and
orbits

Why the Moo
coes not fall to
Earth

Inertia and
gravitational
force

An orbit is a regular, repcatiﬁg path that an object in space follows arcund
another objcct. In 1600, Geiman mathematician Johannes Kepler determined
that the orbits of the planets were not perfect circles but slightly elliptical in

shape, This cxplained the small irregularities in the path of the planets across

the sky. Kepler also explained thai a planet orbits more slowly when it is
farther from the Sun and faster when it is closer to it.

Earth and the other planets in our

solar gystem orbit the Sun. The

Moaon orbits Earth. Why doesn’t the
force of gravity pull Earth into the

Sun {or the Moon into Barth)? To

answer this question, imagine _
kicking a ball off the gromnd at an !
angle. If you kick it at a slow spced,

it curves and falls back to the ground.
The faster you kicl the ball, the
farther it goes before hitting the
ground. Tf you could kick it fast
cnough, the curve of the ball’s path
would match the curvatre of Earth.
The ball would go into orbit instead
of falling back to Barth. An object
launched at 8,000 m/s will orbit Earth.

Isaac Newton explained that an orbif results from the balance between
inerfia (the forward motion of an object in space), and gravitational force.
According to Newton’s first law, inerfia causcs objects to fend to keep
moving in a straight line. Force is needed to change an object’s speed or
direction. Because of inertia, the planets are moving in a direction at a right
angle to the pulling force of gravity. This means that withouf the pull of
gravitational force, a planet would travel off into space in a straight line. The

-
-
el e L

e ————
-
-

‘balance between the planet’s inertia and the gravitational force belween the

planel and the Sun results in the planet’s orbit (Figure 26,7},

s VOCABULARY Gl € Curre
orbit - a reqular, repeating path it
an object in space follows arour]
ancther objact. :

1. “The discover
- v additle
' plat

Two of Kepler's laws

1. The orbits of the planals are gt
perfect circles but are slightly
elliptical. i

2. A planet moves more slowly when:

it is farther from the Sun and faf

whan it ig closer {oit. '

Solar sys
defini

Ingrlia [planet's
inelion withowt grovityl

. Innet and ou
= plan

Figure 26.7: An orbit resulfs f
the balgnce bettween inertic aid.
gravitetional force.
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é:@ur?@ﬁt model of the solar system

At the time of Copernicus and Galileo, astronomers thought that there were
only six planets: Mercury, Venus, Garth, Mars, Jupiter, and Saturn. The distant
planets Uranus and Neptune are far from the Sun and don’t reflect much light
back to Earth. These planets were not discovered until telescopes became
powerful enough to see very faint objects.

Today, we define the solar system as the Sun and all objects that are bound
by gravitational force to the Sun. The gravilational force of the Sun keeps the
solar system topether just as gravity keeps the Moon in orbit around Earth.,
The solar system includes eight major planets and their moons, and a large
number of smaller objcets (dwarf planets, asteroids, comets, and meteors).

The Itmer Solar System The Outer Sofar Syatem

o

ner and outer The solar system is roughly divided into the inner planets (Mercury, Venus, .
planets Earth, and Mars) and the outer planets (Tapiter, Saturn, Uranus, and Neptune).

The dwarf planet Pluto is the oldest known member of a smaller group of
frozen worlds orbiting beyond Neptune. The diagram above shows the orbits
of the planets (the plancts are not shown to scale). Notice that Neptune is
farther from the Sun than the dwarf planet Pluto over part of Neptune’s orbit.

golar system - the Sun and all

VOCABULARY

cbjocts that are bound by gravitational
foree to the Sun.

1 SCIENCE FACT

The orbits of the planets are not true
circlag, but ellipses. An efffgse is
shaped like an oval. While the actual
pathg are neary frue circles, the Sun
is not at the center, but is off slightiy to
ons slde. For example, Mercury's orbit
is shifted 21 parcant to ong slde of the
Sun.

!

!
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1
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Comparing sizes and distances in the solar system

Relative sizes  The Sun, which will be discussed in Chapter 27, is by far the largest object in
the solar system. The next largest objects are the planets Jupiter, Satum,
Uranus, and Neplune. As you can see from the scale diagram below, the
planeis Mercury, Venus, Earth, and Mars appear as small specks when
compared with the size of the Sun.

The sizes of planets relative to the Sun

I LTI ES

rmm Ly of MASALIF

Distance Asfronomers often use the average distance of Earih from the Sunasa
measurcment of distance in the solar system. One astronomical unlt (AU)
i equal 1¢ 150 million kilometets, or the average distance from Earth to the
Sun. Merewry averages 58 million kilometers from the Sun, To convert this
distance to astronomical units, divide this distance by 150 million :
kilometers. Mcrcury is therefore, 0.39 AU from the Sun (Figmre 26.8).
Figure 26.9 lists the planets and their average distance from the Sun in
astronomical units.

-

NN VOCABULARY I

astronomical unit - aquat
miticn km, or tha average diztaif;
from Earth to the Sun.

Figure 26.8; One AU in equaly
miltion kitometers. If Earth is 1.08
from the Sun, then Mercury, will:
distancs of 58 million kilometers, i
AU fram the Sun. &

 Average Distanoe’

Planet from tﬁie Sun {All):
Mac R

Yenus

Earth

Mars
Jupiter
“Satumn
Uranus .
Naptune 0.0

Figure 26.9; Average distances
blenede from the Sun in AU
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26.1 Section Review

1. How did ancicnt astronomeis distinguish the planets irom other stars in
the night sky? :

2. How did Ptolemy explain the apparcnt motion of the planets among the
constellations?

3. How is Copernicus’ model different than Ptolemy’s model of the solar
system?

4, What impertant contribution did Newton make to our solar system
model?

5, What important contributien did Kepler make to our solar system maodel?

6. What makes planets visible in the night sky?

7. Name the planeis in order of how far they are from the Sun, starting with
the planet nearest to the Sun.

8. The force that holds the solar systen together is callcd

9. What is an astronomical nnii?

10. Gravitational force gets weakeras ____increases and gets stronger as
the of the objects increases.

11. Gravity exists betwecen all objects with mass. Why, then, don’t you notice
the force of gravity beiween you and all of the objects around you?

12, What is incriia?

13. The orbit of a planet is a balance between ihe planet’s __and the
gravifational force between the planct and the

14. Is a satellite orbiting Earth {ree from Earth's gravity? Wh}.f or why not?

NI SOVE 1T ERRs
Astronomlical Distances
Solve tha following distance problems

using the informatlen in Figure 26.8.
1.

The average distance of Jupiter
fram the Sun is 5.2 AU. What 15
Jupiter's average digtance from
the Sun in kilometers?

{Hint: 1 AU = 150,000,000 km)
What is the average distance of
Neptune from tha Sun in
kilomaters?

The average distance of dwarf
planet Pluto from the Sunis
5,913,520,000 km. Haw far is
Pluto from tha Sun In AUT

The minimum distance of Mars:
from Earth iz 56,000,000 km.
Express this distance In AL,

26.1 MDTION AMD THE SOLAR SYSTEM
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26.2 Motion and Astronomical Cycles

Evetything in the solar systern is moving. Earth spins on its axis at about 1,600 kilometers per

hour at the cquator. To make a complete trip around the Sun in one year, Earth must orbit at an

average speed of about 108,000 kilometers per hour! In this section, you will learn how motion
affects the astronomical cycles we observe. Please
note that illustrations are not drawn to scale,

Rotation and reveolution

The shape of Recall that the orbits of the

' orblts  planets around the Sun are
slightly elliptical. What's mora
significant is that the Sun is at
2 point called the foeus that is

sy,

offzet from. the center of the

orbit. This causes the distance ,

from the Sun to vary asa For Eartp:
planet orbits. Figure 26.10 & revolulion=s
depicts Earth’s orbit and : .. BBEh days -

S -

distances from the Sun.

Retatlon An axis is the imaginary line
that passes through the center of a planet from pole ta pole, The spinning of a
planet on its axis is called its rotation. Earth, like most of the other planets,
spins from west to east. Onc complete rotation is called a dav. One Earth day
is cxactly 23 hours, 56 minutes, and 4.09 seconds long. This means it takes
Barth almost 24 howrs to complete one rotation on its axis. A day ot Jupiter,
the fastest rotator of the planets, is only about 10 hours long,

Revolutionand  All of the planets orbit, or revolve, around the Sun in the same direction
years {counter-clockwise). A year is the time it takes a planet to complete one
revolution around the Sun. A year on Earth takes approximately 365,25 days.
A year on Mars takes 686.98 Earth days, The farther a planet is from the Sun,
the longer it takes it to complete one revolution. One year on Neplune, the
outermost planct, is 164.81 Earth years long!

TEEA VOCABULARY B i tion a

axis - the imaginary line that p&ﬁﬁgﬁ
through the center of 3 planet framisz
pole to pole.
rotation - the spinning ofa Sla
ite axis.

yaar - the amouni of timé'it
a planet to complate one: revn]
around the Sun.

Earth"s Seasons i the Borthern Hemasphis Leap ye

150 million km
e time of o

149 millicn kim

cirenlar (ellipses). The Sun is
focus that is offeet from fhe ién
diagram above shows Earth’s
from the Sun at the start of ea
in the rorthern hemisphere.
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Calendars

ﬁé:_lt-_i_. i Years and tlays
&:revoll

crn Haemisphne

Wi he time of day

il kiv

Leap years

ttion and keeping track of time

A calendar is a means of keeping track of all the days in a year. Ancient
civilizations developed calendars hased on their observations of the Sun,
Moo, and stars, Many such civilizations independently invented almost
identical calendars. (See the sidebar at the right).

Recall that one year is the amount of time it takes Barth to complete one
revolution around the Sun. This is approximately 365.25 days. Each day is
one rotation of Barth on its axis. Since Earth spins from west to east, the Sun
appears to travel across the sky from east to west. Ancient observers thought
that the Sun really did move across the sky, Can you see why?

The ancient Egyptisn calendar described in the sidebar added up to 365 days
and evenivally evolved into the calendar we use today. However, because we
lnow that one year is approximately 363.25 days long, our calendar adjusts for
this. It has eleven months with 30 or 31 days each, and one month—February—
with 28 days. In a leap year, February has 29 days, The extra day every four
years makes np for the extra 0.25 day that occurs each year.

A clock js a device that i3 used to mark the division of the day into equal parts
{Figure 26.11). The sundial is the oldest known “clock.” A sundial uses the
shadow of a pointer that moves from one side of the base to the other as the
Sun appears to travel from east to west during the day. Markers arc placed
around the base to determine the hour. Water clocks were stone containers
with sloping sides that allowed waler to drip at a constant rale through a small
hole in the bottom. Markings on the inside surface of the container measured
the passage of “hours,”

Today, we divide each rotation of Barth into 24 equal parts called kours. Each
hour is divided up into 60 parts called mirutey and each minute into 60 parts
called seconds, Like the water clock, medern clocks use a constant, repetitive
action or process to keep irack of cqual increments of time. Where the water
clock used the constant dripping of water, modern clocks use a pendulum,
vibrating crystal, balance wheel, electromagnetic waves, or even atoms to
mark titne,

Calendars Throughout History

7,060 BCE, Babylonians kepta
calendar with 29- and 30-day monthz.
Thay naeded to add an extra month
avery sight years.

4,000 BCE. The Egyptians adopted a
calendar with 385 days in a year,
divided into 12 months, each with 30
days, and an extra five days at the end.

2,000 BCE. Mayans of Central America
calculated that there were 385.25 days
in a year.

00 BCE. The Roman calender
conzlsted of 10 months in a year of 204
days. It ignored the ramaining 61 days,
which fa!! in the middls of winter.

48 BCE. Romans adopted the Julian
calandar, named after Julius Caesar. It
is close to the Gragadan calandar,
adoptad in the 15003 and still used
today.

Figure 26.11: Three types of clocks.
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The lunar cycle

What Is the lunar  The revolution of the Moon around Earth makes the Moon appear as if it is

cycla?

What causes the
lunar cycle?

Moaon phases

The length of the
lunar cycle

gradually changing shape cach night. The cycle of change in the appearance
of the Moon is called the lunar cycle. The lunar cycle occuts becausc of the
rclative positions of Earth, the Moon, and the Sun.

The orbit of the Moon is tilted about 5 degrees from Earth’s orbit

(Figure 26.12). This means the Moon is not in Earth’s shadow except during
a tare funar eclipse. The Sun-facing side of the Moon is lit by sunlight
almost all the time. The lunar ¢ycle is caused by the angfe the Meon makes
with Earth and thc Sun as the Moon orbits Earth, not by Earth’s shadow
falling on the Moon.

What you see when you
look at the Moon
depends on its location
in relationship to the
Sun and Earth. As fhe
Moon revolves, we see
a different fraction of
sunlight being reflected
from the Maon to Earth.
Remember, the Moon
doesn’t give fo]ight; it Whaning Gibhous d Weaning ¢
reflects the light of the
Sun. Although the lnnar
cycle i a continuous
process, there aie eight recognized phases. Faxing means the lit portion of
the Maon is getting larger and waring means it is getting smaller

First Quoarler

Waxing Gibhouws b Waxing Crescent

Full

Last Chuanter

trnar.girels - ylswed irom ahoye Earlly* - Qulercircls - viewed whila oo Earln

The lunar cycle—from new Moon to new Moon—takes 29.5 days to
complete {abovc). This roughly corresponds to one month, However, if we
based our calendar on the lunar cycle, we would soon get ahead of an Earth
year. Why? Because a year of lunar cycles adds up to only 354 days, not
365,25, leaving a balance of 11,25 days each year!

lunar cycle - the cycle::
the: appearance of the Moan
the positions of Earth, the Mog
the Sun. "

Figure 26,12: Tﬁ.e.cir.x of g
i ffted ot a § degree angletom
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is tilted

lar eclipses

A lunar eclipse accurs when the Moon passes through Earth’s shadow. If
you look at the lunar cycle diagram on the previons page, you may wonder
why Earth’s shadow doesn’t cover the Moon when it is between the Moon and
(he Sun, Instead, you get a full Moon (Figure 26,13). The reason a lunar
eclipse doesn’t occur very often is because of the 5 degree {ilt of the Moon’s
orbit.

Becausc of its tilted orbit, in most months, Earth’s shadow does not block the
sunlight from hitting the Moon. However, sometimes the Moon’s orbit is
perfectly aligned with Earth’s cibit during a full Meon. Because of this
alignment, Earth’s shadow ternporarily blocks the sunlight from hiiting the
Moon, cansing a lunar eclipse. As the Moon continues to move in its orbit, it
gradually moves into a position where the sunlight hits it again. During a
tunar eclipse, the Moon is still visible and appears reddish because some of
the sunlight is being refracted into the shadow by Earth’s atmosphere.

LUNAR ECLIPSE

) 'r-.q oan

A lunar eclipse can be tofal or partial and all
obsarvers on the dark side of Earth can see it at the
same time. A partial eclipse (shown left) ocours when
only part of the Moon falls in Earth’s shadow.

Fhots gowdasy of ASA

Figure 26,14 shows an alignment for a partial eclipse.

i VOCABULARY

lunar eclipse - an svent that occurs

when the Moon passes through
Earth's shadow.

Full moon

- Bun's
L r'-ays_-

Figure 26.13: This ahgnment
results tn a Full Moon.

Partial

Lhanar elipse

Full Moo . -

s5un's
raysa

Figure 26.14: Thiz alignment

results in a partial lunar eclipse.

26.2 MOTION AND ASTRONOMICAL CYCLES

669

M, o Pk e b Lt — g o o e o

e




Solar eclipses

670

Solareclipsss A solar eclipse occurs when the Moon’s shadow falls on Earth. During a

Tofal solar
eclipse

Partlal solar
eclipse

new Moon, the Moon lies between Earth and the Sun. At this time, only the
vnlit side of the Moon faces Earth, Most of the time, however, the Moon
appears to be just above or below the Sun in the sky because of the 5 degree
tilt of its orbit 50 at least a portion of its lit side is visible, Duting a solar
eclipse, the new Moon is dircctly between Earth and the Sun and the Moon’s
shadow hits parf of Earth as shown below.

S0OLAR ECLIPSE

5 Tetal salar colipse : ] Partial solar eclipze

The darkest part of the Moon’s shadow is cone-shaped and Talls on only a
small part of Earth’s surface. Vicwers in this region experience a total eclipse
of the Sun because the light is completely blocked by the Moon. During a
tolal eclipse, the Sun gradually disappears behind the Moon and then
gradually reappears (Figure 26.15). This is because the Moon revolves
around Earth, so it gradually moves into the path of the sunlight, and then
gradually moves out again. The Sun is completely blocked by the Moon’s
shadow for about two or three rinutes.

In the diagram above, you can scc that the Moon casts a larger, lighter
shadow on Earth’s surface. Viewers in this region of the Moon’s shadow
experience a partial eclipsc. During this time, only part of the Sun is blocked.
Remember, you should NEVER look dircctly at the Sun—even during a total
or partial eclipse!

'-*iki&%ﬁ?%ﬁ?i’fﬁmﬁ ik

i ]

i e o : .-.,‘_--1_‘ ';r
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solar eclipse - an event that octl|
when the Moon's shadow falls of
Earth.

1st Day o
Winter

A heen Hemisy,

Figure 26.15: A total ecli
caused by the Moon blocking.out
Sun, S
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remains fixed.

{Figure 26.17).

tst Dayr aof Autumn
(Mo Lha o Hemnis e

1st Day of
Windar

Lot o 1 e S[Hhen

. Winter

Summor

T 1ot Dy of Syring
L (Morbinen Hemisphiers|

Seasons As Barth revolves around the Sun, we experience different seasons. The
seasons are causcd by the 23.5 degree tilt of Earth’s axis with respect to the
plane of its orbit around the Sun, As Earth rotates around the Sun, its axial tilt

. Tha axial it During summer in the northern hemisphere, the notth end of the axial tilt is
causes the  facing foward the Sun. This results in more diract sunlight and higher
3easOns  temporatures, Six months later, the nerth end of the axial tilt is facing away
from the Sun. The sunlight is more spread out and is less intense. This brings’
winter to the northern hemisphers (Figure 26.16). The opposite happens in the
southern hemisphere, The fact that Earth’s axial tilt is fixed also explains why
- the position of the Sun in the sky appears to change over the course of & year

Ooaint LIL

23.5"{

13t Doy of
Sumner
Jarthesn [ Do

trorth Pole

Sonth Fole

Figure 26.18: During winter in the
northern hemisphere, Barth’s axinl tilt
is faring awey from the Sun. This
means the sinlight in the northern
hemisphere is more gpread out and less
infenge, Therefore, temperaiures are
forver in tointer.

L ALtmn

Figure 26.17: The diagram shows
the apparent path of the Sun across the
akv in the northern hemispheres during
the year,
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Tides

Tides are
caused by the
Moon's gravity

Tihe center of
mass

Explaining the
‘macond” tide

+ Chapter.

As Earth rotates beneath the Moo, its mass feels a small, “Moonward” force
of 0.00003 N from the Moon’s gravity. Earth is made of rock that resists this
small force, but because water flows, the Moon causes water to slide toward
the place directly under the Moon on Earth’s surface (Figurc 26.18). In most
places, ocean levels rise and fall twice sach day as the Moon revolves around
Eaith and Earth rotates. The daily cycle of rising and falling ccean levels is
called a tide. The Moon passcs overhead onée every 24 hours. So, you
would expect the tide to rise only once every 24 hours. Bul the occans on the
side of Barth directly epposite the Moon also rise. What causes this “second”

tide?

The answer iz that the Moon does not
really orbit Carth as if Barth werc fixed
in place. Instead, Earth and the Moon
crbit around a common center of mass.
Imagine balancing Earth and the Moon
on a giant sce-saw. There 15 a point at
which the see-saw balances even
though Earth is much heavier than the
Moon. That point is the center of mass
of the Earth—Moon systetn,

l:arth's -

2 -clay kil

3]
_ {Farth and Meoon),”

When you turn a comer sharply in a cat, your body slides to the outside of
the carve, away from the center. This happens becausc your body wants to
move in a straight line in the direction it was going before the turn. This is
the explanation for the tide on the side of Earth that docs not face the Mocn.
As Earth revolves around fhe center of mass, the ocean on the opposite side
from the Moon is “flung outsvard” a little by its own inertia (Figure 26.19},

TN VOCABULARY

tide - a cycle of rising and fal
ocean lavels, .

of the Moon' s graﬁ.'rlty 5
putling o the ouean

Figure 26.18:
Moon-side tde,

: The far- BIdE Hele Is cavged;
by the ocean being. ""Elurlg'fﬁ%l
“outwards dus to jts owriner
| and Earth's 27-day. urb S

‘around the c:entEf of. Mass.

frdes.
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-26.2 Section Review

8.

9,

10, Match the letters on the diagram with the correct terms. You may use 4

The Sun 18 400 times Iargef in dizmeter

Study Figure 26.10. During which season in the northetn hemisphere is {han the Moon. !t ie also 400 times
Earlh closest to the Sun? farther away from Earih than the Moon.
What determines the length of a day ona planet? What determines the Because of this coincidence, the Sun

length of 8 year on a planet? and Moon appea {o be the same size
Approximately how long does it take Earth to make one revolution ok t_he_' sky. '
avound the Sun?

Approximately how long, in hours, does it take Yarth to make one
rotation on iis axis? '

What is a leap year? Why does a leap year occur every four years?

The Junar eycle is closely related to which parl of our calendar—a year, &
month, or a day?

True or false; The phascs of the Moon are caused by Barih’s shadow
falling on the Moon? : _

Explain how you could use the shadow of & streetlight pole to track the
time of day on a sunny day.

Bxplain the difference between solar and lunar eclipses.

The photo above shows g total sclipse .
of the Sun. Using the information

above, explain why a solar eclipss
letter more than once. OCoUrS. - '

____ First day of summer
__Firstdayof wintetr
__ Firstdayof spring
____ First day of autumn

11, What are tides? What causes tides on ihe Moon-side of Earth fo occus?
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On August 24, 2006, the Inteinational Astronomical Union {TAU) passcd a new definition of a
planet, The new definition excludes Pluto as a planet. According to the new definition, Pluto is
classified as a dwarf planet. Recently, astronomers have begun to find dozens of objects similar to
Pluto—all small, icy, rocky, and with similar orbits. The change in Pluto’s status as a planct isa
good example of the scientific method in progress. New discoveries sometimes cause scientists to
revige scientific knowledge. In this section, you will read about planets, moons, and other objccts
in the solar syster. The Sun will be discussed in Chapter 27.

Planets and moons

Dsfininga A planet in the solar system is a celestial bady that (1) is in orbit around the
planet  Sun; (2) is nearly round in shape; and (3) has cleaved its orbit of other
objects, What this last part means is that a planet is large enough that, as it
revolves around the Sun, the other objects in its orbit have either beeome part
of the planet by fusing with it or have collided with the planet atid moved out
of the planet’s orbit.

Classifylng the The planets are commeonly classified info two groups. The terresirlal
planets planets include Mercuty, Venns, Earth, and Mars, The terrestrial (rocky)
planets are mostly made of rock and metal, They have relatively high
densities, slow rotations, solid swfaces, and few moons. The gas planets
include Jupiter, Saturn, Uranus, and Neptune. They are made mostly of
hydrogen and helium. These plancts have relatively low densitics, rapid
rotations, thick atmospheres, and many moons.

Moons Farth has one moon which we call the Moon. Most of the other planets have
moons foo, A moon is a natural satellite that orbits & planet or other body,
such as a dwarf planet. The planct the moon orbits is called the primary. As of
this weriting, 240 objects in our solar system are classified as moons. Of those,
166 orhit the eight planets while the rest orbit dwarf plansts and smailer solar
system ohjects. Among the largest moons in the solar system arc Earth’s
moon; onc of Jupiter’s moons, Ie, Europa (shown in Figure 26.20),
Ganymede, and Callisto, Saturn’s moon, Titan; and Neptune’s moon, Triton.

h and 1

T VOCABLILARY

planet - a celastial body that 1
orbit around the Sun; (2) is neatl
raund in shape; and {3) has d
arblt of other objects.

terresteial planets - Marcu
Yenus, Earth, and Mars,

gas planets - Jupiter, Salum,
Uranus, and Nepiune. -

maon - a natural satelita orb ..~
planet ar other body, such asa dw
planet.

Gravitatim
' locki

length of
lunar ¢ycle
different th
.- the Moo

atation per

Figure 26.20; Jupiter’s moon
Europn, is one of the largest MW@@.EE:
the solar sysiem. '
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Earth statistics

oon statistics

such as a.

‘Gravitational
force

Gravitational
tocking

i

Photo courtesy of AT :
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-different than
the Moon’s
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h.and the Moon

Earth’s atmosphere is mostly nitrogen (78 percent} and oxygen (21 percent).
Barth is onc of only two bodies in the solar system known to have liquid water
(the other is Europa, a moon of Jupiter). As far as we know, Liarth is the only
planet in the solar syslem to support life. Although space probes have begun
scarching for life on othet bodies, no evidence has yet been found.

The Moon, which has no atmosphere, revolves around Earth at an average
distance of 384,400 kilometers. The Moon’s diamcter is 3,476 kilometers, or
about one quarter the size of Earth. The Moon’s mass is 7.3 x 1022 kilograms,
which is about one one-hundredth of Earth’s mass. Becausc of the Moon’s
relatively small mass, its gravity docs not atfract an atmosphere. Its density is
3.34 g/om®, which is much lower than Earth’s, Figure 26,21 compares Earth
and the Moon.

The Moon’s gravitational force is about one sixth as strong as Barth’s. Earth
exeris a gravitational force of 9.8 newions on a 1-kilogram object while the
Moon exerts a force of only 1.6 newtons on the same object. This means that
a 1-kilogram ohjcct weighs 9.8 newtons {2.2 pounds) on Earth and the same
object weighs only 1.6 newtons {0.36 ponnds) on the Moon.

If you have ever observed the Maoon, you may have noticed that the same side
of it fuces Earth at all times, This does not mean that the Moon does not
rotate. The Moon rofates much more slowly than Earth. Over millions of
years, Eatth's gravily has Jocked the Moon's rotation to its otbit around Earth,
Oue lunar “day” takes 27.3 Earth days, cxactly the same tine it takes the
Moon to compleie one orbit around Earth (Figure 26.22).

Why is Lhere a difference between the lunar cycle (29.5 days) and the Moon’s
rotation period (27.3 days)? As the Moon orbits Eatth, the Eqrih-Moon
system orbits the Sun, In the 27.3 days it takes the Moon to rotate and orbit
Earth, the Earth-Moon system has revolved about 27 degrees (out of 360
degrees in a cirele) of its total orbit around the Sun, It takes a few more days
for the Moon to move along ifs orbit to compensate for the change in angle of
the Sun’s rays. In the meantime, the Earth-Moon system has moved even
farther in its qrbit around the Sun.

Diameter

12,756 km 3,476 km
Gravity | 9.8Nkg - | 1.6 Nkg
Mass  |6.0 x 10?4 kg|7.3 x 1022 kg
Density | 552 gfom? | '3.34 gfom®
Rotallon
pariod 1 day 27.3 days

Figure 26.21: Comparing Earth and

fhe Maoon.

Figure 26.22: The amount of time if
takes the Moon to complete o rotation is
the same emount of titme it takes if o

revolve around Earth. Can you see why
only one side of the Moon faces Earth ot
all times?
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Howy ihe Moon was formed SRR ELENS vamﬂumﬁ‘f

Where didthe Throughout history, there have been many different theories about the origin glant impact thaory __
Moon come  of the Moon, Before the Apolic landings that began in 1969, there were threc theory that explains:how thie
frem?  tnain theories. . was formed. -

Metrct

1. Some scientists hypothesized that the Moon split off Earth during a
period of very Fast rotation.

2. Others thought that the Moon formed somewhere elsc and was
“captured” by Eatth’s gravity.

3. Still others proposed that the Moon and Earth were formed together
from a group of smailer chunks of matter when the solar system formed.

When scientists analyzed lunar rocks, they found
that they were composed of much less iron and
nickel than Earth, Recall that Earth’s core is
composcd mostly of iton and nickel. The
composition of lunar rocks closcly resembled that
of Barth’s mantle. They also found that the
Moon’s density was the same as Earth’s- manile
and crust combined.

Callizion

Analyzing lun ar Va1

rocks

Phato courlesy NATA

The giant impact These discoveries gave rise to the giant impact theory that is widcly

theoty accepted today. This theory proposcs that about 4.3 billion years ago, an
object about the size of Mars collided with Farth, causing material from
Earth’s mantle and crust to break off. This material, combined with material
from the colliding object, was thrown into orbit arcund Earth and became the
Moon. The Moon’s spherical shape was a result of gravity and the remaining
particles impacted the Moon to form craters. Figure 26.23 shows how the
Moon was formed based on this theory.

-
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Mercury

Venus

wrivid froimn

{arcedoiz i oiff

s o bHnes

Mars

Mercury, the closest planet to the Sun, is the smallest in both size and mass.
Mercury appears to move quickly across the night sky because its period of
revolution is the shortest of all of the planets. Mercury rotates on its axis very
slowly—only one and a half times for every revolntion around the Sun. This
makes onc day on Mercury about 59 Earth days, although its year is not much
longer—about 58 Earth days! Only 40 percent farger than Barth’s maon,

‘Mercury is a rocky, cratered world, more like the Moon than like Earth. Like

the Moon, Mercury has almost no atmosphere (except for traces of sodiums).
Mercury has no moons. The side of Mercury that faces the Sun is very hot,
ahout 400°C, while the other side is very cold, about -170°C.

Venus appears as the brightest planet and the third brightest object in our sky
(after the Sun and the Moon). Ii has a very thick atmosphere and an
atmospheric pressure at its sutface that is 90 times that at Earth’s surface.
Because the atmospherc on Venus is 96 percent carbon dioxide, the
greenhouse cffect males it the hottest planet in the solar sysiem, with a
surface temperature of more than 500°C. Venus rotafes “backward,” that is,
east to wesl, Its rotation is the slowest of all of the planets; Venus makes a
fittle less than one rotation for each revolution around the Sun. This means
that 1 day on Venus is 243 Earth days, while 1 year is shorter—225 Earth
days! Like Mercury, Venus has no moons.

Mars appears as a reddish point of light in'the night sky. It has a widcly varied
surface that includes deserts, luge valleys and craters, and volcanic
mountains that dwarf these on Barth. The atmosphere of Mars is very thin
{about 0.7 percent as thick as that of Earth) and is composed mostly of carbon
dioxide, while the rest is nitrogen and argon. The temperatures are below
freczing most of the time. Like Earth, Mars has polar ice caps, but they are
composed of a combination of water and frozen carbon dioxide. Because it
has an axial tilt, Mars experiences seasons like Earth. A day on Mars (24.6
hours) is similar in length to Earth, while a year (687 days) is not. Mars has
two small moons named Phobos and Deimos.

Mercury

Irrdgest ot bo Srale Photoa courtegy of MATA
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The gas planets

Jupiter Jupiter i the largest of the planets, and the fastcst rotalor, spinning on its axis

678

Saturn

Uranus

Neptuna

about once every 10 hours. A year on Jupiter is about 12 Earth years, Jupiter
is more liquid than gascons or solid—morc than half of its volume is an
ocean of liquid hydrogen. [ts atmosphere is about 88 percent hydrogen and
11 percent helium. It has a stormy atmosphere and one storm, knowit as the
Great Red Spot, has been obscrved for more than 300 years, Jupiter has 63
moons and a scries of rings that were first found by Foyager 7 in 1979,

Saturn, af almost 10 times the size of Earth, is the second largest planct
Saturn’s atmosphere is made mostly of hydrogen and helium, Saturn is a fust
rotator, though slightly slower than Jupiter, with 2 day on Saturn lasting just
longer than 10 Barth hours. A year on Saturn is about 29 Earth years. The

most striking featurc of Satum is its system of rings, which are visible from

Earth with a telescope. Saturn’s rings are made up of billions of pariicles of
rock and ice ranging from microscopic to the size of a house. Although they
are hundreds of thousands of kilometers wide, the rings are less than 100
meters thick. Saturn has 47 moons.

The seventh planet from the Sun, Uranus can barely be scen withoul a good
telescope and was not discovered until 1781. 1t rotates “backward” and has
an axis that is tilted 98 degrees to the plane of its orbit. A day on Uranus is
only I8 Rarth hours, but a year takes 84 Liarth years, Uranus has at lcast 27
moons, all of them relatively small. Titania, the lmgcst has only 4 parcent of
the mass of Earth’s moon. Uranus also has a series of faint rings.

Neptung, the eighth planet from the Sun, is the outermost of the gas planets.
It was discovered in 1846 and its discovery almost doubled the diamcter of
the known solar system because of its great distance from the Sun, A day on
Neptune is only 16 hours long, but a year takes 165 Rarth years! Neptune has
a series of faint rings invisible from Earth but that have heen seen in
photographs taken by space probes. Neptune has 13 known moens, 6 of
which were found in photographs taken by Foyager 2 in 1989. Of the 13
moons, only Triten is bigger than a few hundred kilometers in diameter.

Jupiter

Saturn

Uranus

MNeptunsa

Phates Goovtan )
Artict intarpratatien of i v of Juitag Lams, end N

LUnim ® MATTER AND MOTION IN THE UNIVERSE




G B

Tt <
TR

FraEET e
e e

6,792

| Jupiter.

Saturn

Uranus: Meptune . ;

“Dlameter| 4,879 12,104 12,756 142,084 120,536 51,118 49,528
(k) | -
Mass! 3.3x10% 4.9 x 107 6.0 x 10% 6.4 x10™ 1.9 x 10% 5.7 x 10 8.7 » 10% 1.2 x 1058
(ko) | _
Density 5.42 5.24 5.52 3.83 1.32 0,58 1.2¢ 1.84
fertemd)
ge distance { 58 miliion 108 million 150 milllan 228 million 778 million . 1.43 Rilllan 2.87 hillion 4,50 bllllon

B3

&0 27 13

3.7

8.4

0.8

3.7

23,9

9.0 8.7 11.0

=170 to +450

+485

—B6 to +48

-84 o -31

-110

138 ~196 -200

ation perlod 50 243 1 1.03 0.41 0.44 0,72 0.67
{Earth cays) .
ution perlod 0.24 0.62 1 1.9 12 29.5 84 185
(Farth ysars) o :
Major gases in Trace cQ, N,, O, CQ, H,, He, H,, He, H,, He, . H He,
" . atmosphera | He, H;, O, Na CH,, NH, CH,, NH, CH,, NH, CH,, NH,
Ortital vologity | 47.89 "85 29.80 24.14 13.1 0.7 6.60 543

Plaast phins cowesy OF MASALPL. Planals not shole b aCRIE,

25.3 OBJECTS IN THE SOLAR 3YSTEM

679




Triton, Pluto, and the Kuiper Belt

Triton and Plute  Triten is Neptune’s largest moon (Figure 26.24). Pluto is a dwarf planet, and

680

Pluto

The Kulper Bait

most of the time it is the farthest object from the Sun. Triton and Pluto are

similar objects in both composition and size, In fact, Pluto is slightly smaller

than Triton and only a fraction larger than Earth’s moon. Some asironomers
believe Pluio may actually be an “cscaped” moon of Neptune. In this scetion,
you will learn about dwarf planets like Pluto and other solar system objects
like asteroids and comets.

Discovered in 1930 by Clyde Tombaugh,
Pluto was named for the Reman god of
the underworld. The first dwarf planct
discovered, Pluto rotates slowly—one
turn every six Earth days—and bacloward,
Tts orbit is strongly elliplical and Pluto
crosses the path of Neptunc for about 20
years ouf of the 249 vears if takes to
revolve around the Sun. Their orbits are
not in the same plane, 50 Neptune and Plute will never collide. Because it is
g0 far away, little is known about Pluto, The immage abovc, from the Hubble
.space Tclescope, shows Pluto and its single “moon,” Charon.

Pl eatirfasy of MASA

Outside the orbit of Neptune is a region called the
Kuiper (thymes with viper) Belt (Figure 26.25). The
Kuiper Belt siretches from 50 to 1,000 AU ot from
the Sun and is believed to contain a few Pluto-size
objccts and many smaller ones. Kuiper Belt Objects
(KBOs) are icy bodies found inside the Kuiper Beli
and include the dwarfplanets found there, Ag of this
writing, it contains at least three dwarf planets;
Pluto, Haumea, and Makemake, Quaoar (above left)
is the second largest object in the Kuiper Belt at ahout half the size of Pluto.
Unlike Pluto, Quacar’s orbit around the Sun is ngarly circular. Quacar was
recognized as a KBO in 2002 by Astronomer Mike Brown and hig
colleagucs who also sugpest it is made of ice and rock.

Attt Soncenl inape couwtesy

Figure 26.24: Triton is Neptagi

largest moon. Some astronomers

that Plute may be on HESCI!IPE{E.‘ Pttt

Neptune. Phota courtesy of M.

Figuxe 26.25: The Ku:‘per_h_ée;p'_t

beyond Neptune. It is named after
gstrenomer Gerard Kuiper (1865
1973). Co
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rolds and comets

Between Mars and Jupiter, at a distance of 320 astarold - an object that orbits the

Asteroids ) )
' -""'-]';:D“E’r million to 495 million kilometers, there is 8 Sun but is too smiall to be conslderad
) huge gap that cuts the solar system in two. This & ptanat.
gap is called the asteroid belt becausc it is filled comet - an object in space made
with thousands of small, rocky bodies called mostly of lce and dust.

asteroids. An asteroid is an object that orbits
the Sun but is too small to be considercd a
planet. So far, more than 10,000 asteroids have
- peen discovered and more are found each year
(Figure 26.26).

The size of Most astetoids are small—less than a kilometer in diameter—but many have

asteroids becn found that are over 250 kilomelers in diameter. The largest asteroid,

named Ceres, is 933 kilomelers across. While the majority of asteroids arc

found in the asteroid belt, many have highly elliptical orbits that allow them _ :

{0 come close to Mercury, Venus, and even Darth, About 65 million years 2go, f;lilg‘-‘:ff 26.26: gh;! aste mibﬂi ngmg l:?’;:ﬂ
Sl : : g £ is picture, nomed dg, 1§ ADOU m

a large asteroid hit Earth near Mexico, leaving a huge crater. Some scientists e Phota courlesy of NASA.

welieve this event led to {he extinction of the dinosaurs.

Aataroid belt

Comsts Scientists believe comets are made mostly of ice and dust. Comets revolve
around the Sun in highty elliptical orbits. In 1997, the comet Hals-Bopp could
be clearly secn in the night sky without a telescope. However, we still know
tittle about the composition and structure of comets. geveral recent spacecraft
have made close approaches to comets and each new pisce of evidence they
gather has lead to now ingights about what comats are made of and how they
formed. '

“Evolution ofa As a comet approaches the Sun, some of its ice turns into gas and dust and

' comet forms an outer layer called a coma. The inner core of the comet is called the
apcleus. As a comet nears the Sun, {he solar wind (charged particles emitied
by the Sun) causes the formation of a fail, Comet tuils can be over 1 million S e
kkm long! A comet’s tail always faces away from fhe Sun (Figure 26.27) Figure 26.27: A comet’s tail faces

hecause of the forces caused by the solar wind. Bach time a comet passes the awey from the Sun and can stretch for
Sun, it loses some of its mass. mitlions of kilometera i spoce.
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ileteors and m@tmriteg

Meteors Occasionally, chunks of tock er dust break off from a comet or asteroid and

6382

Mateor showers

Mateotltes

form a meteor. Tmaginc a tennis ball traveling at about 43,000 kilometers
per hour. That’s about the size and speed of most metcors. These chunks of
dust or rock fravel through space and some of them end up hitting Earth’s
atmosphere, When this happens, mefcors rub against air particles and create
friction, heating them to more than 2,000°C. The infcnse heat vaporizes most
meteors, creating a streak of light known as a “shooting star.” Occasionally,
larger meteors causc a brighter flash called a firebafl. These sometimes cause
an explosion that can be heard up to 48 kilometers away. If you live or find
yourself away from any eity lights, look at the sky on a clear night and
chances are that, if you look long enough, you will see a meteor. On average,
a meteor can be seen in the night sky about every 10 minutes.

When 2 comet nears the Sun, a trail of dust and other debris burns off and
remains in orbit around the Sun. As Barth orbits the Sun, it passes through
this debris, creating a meteor shower as the small bits of dust burn up in the
atmosphere. During a meteor shower, you can see lens and even hundreds of
meteors per honr. Because Earth passes the same dust clouds from comets
each year, meteor showers can be predicted with accuracy.

If 2 meteor is large cnough to survive the passage
through Earth’s aimosphere and strike the ground,
it becomes a meteorlie. Meteorites arc thought to
be fragments from collisions involving asteroids.
Most meteorites weigh only a few pounds or less
and cause litiie damage when they hit. Most fall
inte the oceans thal cover almost 75 percent of our
planet’s surface. Meteor Crater in Winslow, AZ (above), 15 believed to have
been caused by a giant, 50-meter-diamster meteorite-about 50,000 years ago.
The Holsinger meteotite (Figure 26.28) is the largest known piecc of this
300,000-ton meteorite, most of which vaporized on impact.

Frisia by David . Foddy, LGES

{ﬂﬁjgﬁfﬂy i

A VOCABULARY [

mMeteor - a chunk of buming rock”
traveling through Earth's atmosphsi

meteoiite - a meteor that passés
through Earth's atmosphere and
strikes the ground.

|-:—— 1m
A largo meleorile

Figure 26.28: The Holsinger .
meteorite 18 o large piece of @ much’
larger melteorite that blested ont Mefsi
Oroter tn Artzonc abeut 50,000 yeu
age. Thia meteorite, while no taller
your thigh, weighs 1,400 hs.
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26.3 Section Review
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L ope o

Use the table on page 679 to answer the following questions.
a. Which planet has the largest diameter? The smallest?
. On which planet is gravity the strongest? The weakest?

c. A day is the time it takes a planel to rotate once on its axis, Which
planet has the longest day? The shortest day? -

d. A yearis the time it takes a planet fo revolve once around the Sun.
Which planet has the longest year? The shortest year?

e. Which planet is thc most dense? The least dense?
Which planct is approximately 10 AU from the Sun?

g. Make a graph of orbital velocity vs. average distance [rom the Sun.
Does your graph supporl Kepler’s ideas about the orbital velocity of
planets that you resd about on page 6627 BExplain your answer,

Why are we able fo see a certain comet one year but not again until many

years latcr?

What is the difference belween a meteor and a metcorite?

‘What is the asteroid belt and where is it located?

Which planet has an atmosphere that consists mostly of carbon dioxide?
Compared with Earth’s diameter, Satuen’s diameter is roughly:

a) the same b) 5 times larger ¢) 10 times larger d) 50 timces larger

What is the Kuiper Belt and where is it locaied?

Which former planet is now considercd a dwarf planet?

Whal is a planet?

. The giant impact theory proposes that about 4.5 billion years age, an
object about the size ol Mars collided with Earth, causing material from -

Earth’s mantle and crust to break off. This material, combincd with
materia! from the colliding object, was thrown into orbit around Earth and
became the Moon. Describe the scientific evidence that supports this
theory.

Use the data from ths table on

page 679 to make a graph of surface
tamperatura vs. distance fromthe Sun
for the alght planets. Graph the
distance on tha x-axls and the
tempetature on the y-axis. Use these
values for the surface temperature of
the four inner planets.

Meroury 1ET°C; Venus 465°C, Earth
16°C, Mars —65°C.

What does your graph show about the
relationship belween temparature and
distance from the Sun?

Do the plansis parfectly follow this
relationship?

What other factors might affect the
surface temperaturs of the planets?

JOURNAL RS

Supposa you wera given the
apportunity to travel to another planet
&r a moon of anothar planst. Would
you go? ¥Why or why not? Would you
ga to Neptune, knowing the trip would
last 20 years? YWhat if you could bring
along anything and anyone you
wanted? Write an essay exploting
your answers to these guestions.
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Stargazing is un awe-inspiting way to cnjoy the night sky, but lumans can learn only so

much about stars from our position on Earth. The Hubble Space Telescope
{TIST) is a schoo!-bus-size telescope that orbits Earth every 97 minutes at an altitude of
568 kilometers and a speed of'about 28,000 kilometers per hour, The Hubble Space
Telescope teansmits images and data from space to compuiers on Earth. In fact, IIST
sends enough data back to Earth sach weel to fill thousands of books. Scientisis
store the data on special disks. In January of 2006, HIST captured images of the
Crion Nebula, a huge area where stars are being formed. HST’s detailed images
revealed aver 3,000 stars that were never seen before. Information from the
Hubble will help scientists understand more about how stars form. In this

" chapter, you will learn all about the star of our solar system, the Sun, and
about the characteristics of other stars.

E%’ Why do stars shine?
7 What kinds of stars exist?

&7 What is the life cycle of a star?
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27.1 The Sun

Can you imagine life withont the Sun? The Sun is the source of energy that sustains all life on
Earth. What is the Sun? Why does it produce so much eneray? Read on to find the answers to
thesa questions, anﬂ mAany more,

The Sun is a star |
The Sun is astar A siar is an enormons, hot bail of gas held together by gravity. Gravity

Tha Sun's dense
care

A medlum-slze
star

What is the Sun

made of 7

squeezes the density of a star so tightly in fhe core that the electrons are
stripped away and the bare nuclei of atoms almost touch each other. At this
high density, nuclear fusion accurs, releasing tremendous amounts of energy.
The nuclear fusion that powers the Sun combines 4 hydrogen atoms to maks
helium, converting 2 protons fo neutrons in the process (Figure 27.1). The
minimum temperature required for fusion to occur is 7 million degrees
Celsius. The Sun’s core reaches a temperature of' 15 million degrees Celsing,

The high densily and temperaturc needed for fusion ocours in the center, or
cm'e of a stat (Figure 27.2). The density at the Sun’s core is about 158.0 gf
em?®. This is about 18 times the density of solid copper. In order to reach this
high density, a star must have a mass much larger than a planet. For example,

the Sun has a mass that’s around 330,000 times larger than the mass of Earth,

The Sun is medium-size star. 1ts diameter is about 1.4 million kilometers.
Approximately 1 million Earths could fit inside the Sun! By contrast, cne of

the star “supergiants™ called Betelgeuse semetimes reaches g diameter that is-

almost 600 times that of the Sun. If the Sun prew fo the size of Betelgeuse, it
would swallow up Mercury, Venus, Harth, and Mars!

The Sun is about 75 percent hydrogen and 25 percent helium, with very
small traces of other elements, Unlike Barth, the Sun does not have a solid
surface—instead, it is made completely of gas. Because of its size, the Sun
confaing 99.8 percent of the mass of the solar system, Because of its mass,
the Sun’s gravitational foree is strong enough to hold the eatire solar
system—including the planets, dwarf plancts asteroids, and comets—in
orbit,
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: :at@my of the Sun

S - The Sun has  The apparent surface of the Sun that we can see from a distance is called
- three regions  the phatosphere, which means “sphere of light.” Just above it is the

chromosphere, This is a very hot layer of plasma, a high-encrgy state of
matter. The corona is the outermost layer of the Sun’s atmosphere, extending
millions of kilometers outward,

Anatomy of the Sun

Convection zone
Heat transfer threugh
motion of hot gas

Corona —~
Cuter atmosphere
2,000,000°C 3

- Chromosphere
Inner atmosphere
5,000 - 10,000 °C

Racdlatlon zong
Heat transfer mainty
through light energy

Photosphere
vislble "surface™
5,500°C

Core
Wuclear fusion

Sunspots A safe methad for viewing the Sun is to use a telescope to project the Sun’s

image onto a white surface (Remember, you should NRVER look directly at
the Sun). When the Sun is observed in this way, smali, dark areas can be seen
on its surface. These arcas, called sunspots, may look small, but they can be
a3 large as Farth. A sunspot is an area of gas that is cooler than the gases
around it. Because they don’t give off as much light as the hotter areas,
sunspots appear as dark spots on the photosphere (Figure 27.3).

chromosphere - the innar .
atmospheres of tha Sun which conslets
of a very hot layer of plasmaz.

corona - the autermost layer of the
Sun’s atmosphera that extands
milllons of kilomaters outward.

8UNSPOt - an area of gas on the Sun
that is coolsr than the gages around it;
sunspots appear as dark spots on the
Sum's photogphera.

Sunspaots.,

Figuxre 27.3: Surspots appear as
duark spots on the photogphere.
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Features of the Sun

Prominences Sunspots arc linked to other features of the Sun. Occasionally, large “loops”

angd solar flares

Solar wind

Magnetlc storms

Auraras

of gas called prominences can be seen jumping up fiom groups of sunspots,
These can be observed during eclipses and appear as loops that extend
beyond the chromosphcere. Sometimes prominences from different sunspot
regions suddenly connect, releasing very large amounts of heat and light
known as solar flaves (Figure 27.4).

The Sun gives off more than just
heat and light. It also gives off
something called solar wind. Solar
wind is an electrically charged
mixture of protons and electrons.
Evidence of solar wind comes fiom
the tails of comets, which always
: face away from the Sun. A comet’s
o tail, which is made of vaporized
pases, acts like a “wind sock™ and
O shows that there is a continuous
\_ flow of particles coming Trom the
Sun.

{.';c_-;..:.m[:ﬁ_.i :5/ l\ ,

tail

Solar flares can greatly increase the amount of solar wind given off by the
Sun. These solar wind particles can affect Earth’s upper aimosphere, causing
magnefic sforms. Magnetic storms can disrupt radio and television signals,
interfere with telephone and cell phone signals, aud even cause electrical
power problems for homes and businesses.

Solar winds sometimes cause a mysterious phenomenon known as an
aurora to oceur. Aurcras (known in the northern hemisphere as the northern
lights or aurora borealis) occur when the protective laycrs of our atmosphere

are energized by golar winds. This energy causes atoms and molecules in the

upper atmosphets to give off light, The most common coler produced is a
yellow-green cavsed by oxygen atoms at an altitude of about 60 miles. The
aurora appears as curtains of light above the horizon (Figure 27.5).

VOCABULARY |

AuroTa - a phanomenon that o
when the sotar wind anerglzes the.

Bl

Fﬁuduuowiﬁf.ﬂ.r A Cir
Figure 27.4: Solar flares refease
large amounts of heat and light

B o L 3
Figure 27.5: Solar winds cai'cdige
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3 . Solarenergy Solar energy is a term ihat refers to radiant energy from the Sun. The radiant

A and cnergy of the Sun reaches Earth in the form of electromagnetic waves. Recall

: %’} electromagnatic  that we classify these waves according to their energy as shown in Figure 27.6.

waves The type of electromagnetic wave we can detect with our eyes is called visible
light, a tiny portion of the electromagnctic spectrum. We can use solar energy to
heai buildings and generate clectricity.

. Passive solar Buildings that use passive solar

: haating  heating are designed to trap sunlight.
Houses can be built with large glass
windows that face the direction of the
Sun. Sunlight passes through the
windows and heats the air in the
room. The glass traps the warm air
inside, cansing & “greenhonse effect.”

Figure 27,6 The Sun emits waves in
ail freguencies of the electromagnetic
spectrum. The only waves we can detect
with our eyes we call vieible light.

Circulated solar A building that uses circulated solar heating has large glass panels covering
heating panrt of its roof, Underneath the glass panels, a liquid is cireulated through
tubes, The liquid is heated by radiant energy from the Sun and flows into the
building. The heated liquid can also be stored in an insulated tank for use at
night.

Solar cells Photovoltaic (or P¥) cells, also called sofar cells, are devices that convert
sunlight directly into electricity, You may already be using solar celis on
calenlators, watches, or some outdoor light fixtures. They are made out of at ..

~ least two lavers of a scmiconductor material such as silicon, One layer has a
positive charge, and the other has a negative charge. When light falls on the
cell, some of it is absorbed by the semiconductor atoms, freeing electrons
from the solar cells’ negative layer. These electrons then flow through an
external circuit and back into the positive layer. The flow of electrons
produccs electric current (Figure 27.7).

Figure 27.7: Sunlight enters the PV
cells, causing elecirons io flow through a
circutt to prodice electric crirrent.
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More about the Sun’s energy

How much Each second, about 700 million tons of hydrogen inside the Sun are solar constant - the amount
energy does the  converted to about 695 million tons of helium through nuclear {usion. Notice energy from the Sun that ?qu?i_l_l
Sun produce?  that the total mass of helium produced is slightly smaller than the total mass "i;‘;‘;ﬁ:}g edge of Eartis " "
, a .

of hydrogen used, The “missing™ mass (about 5 million tons) is converted
directly into energy. This mass creates an energy output of 3.9 x 1075 watts!

In 1905, Albert Einstein proposed that matter can be converted into energy. A
His famous equation (£ = mc?) shows how huge amounts of energy can be EINSTEIN'S
created from a smaller mass (Figure 27.8). This helps explain why such a FORMULA
huge amount of energy is produced by nuclear fusion.

Energy — =

The solar The amount of this energy from the Sun that resches the outer edge of

constant  Earth’s atroosphere is known as the solar constant. While the solar
constant varies slightly, the accepted value is 1,386 walls per square meter
(W/m?), To visualize this amount of energy, imagine the sniergy of thirteen

100-watt light bulbs spread over a square meter surface (Figure 27.9). Figure 27.8; Einstein's faﬁmﬁ
' equation for energy. )

Theories about The number of sunspots seems to vary over an average of 11 years and is e
sunspets  known as the sunspot cycle, Many scientists speculate that there is 4 0
relafionship between the sunspot cycle and variations in our global climate.
Two decades of satellite research have shown that at times when there is a
higher number of sunspots, the value of the zolar constant increases slightly.
While sunspots are cooler areas of the Sun, as their numbers increase, so
does the number of solar flares that release large amounts of heat,

The Sun powers  Except for nuclear power, the original source for aimost all of our encrgy
our enargy comcs from the Sun. Sunlight causes water to evaporate, which later falls as
naeds rain into rivers and streams. This flowing water can be used to generate

electricity. Encrgy from the Sun alzo drives the wind (created by uneven
heating of Barth), which also can be used to generate clectricity. Even the
energy we get from coal, natural gas, petroleum, and wood comes from the
Sun. That is because fhese fuels are created from photosynthesis. In this '
process, plants store energy from the Sun in the form of carbon compounds. Figure 27.9: While the solar- -
The foods you eat alsa contain energy from the Sun thal was trapped by constant varies slightly, its accepled

. . value i3 1,386 watfs per squire me
plants using photosynthesis. Farth’s atmosphere. e
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. 27.1 Section Review
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What is a star? How is a star different from a planet or a moon?

Why does the Sun give off heat and light? _

The Sun is made mostly from which of the following elements?

a. helium

b. lead

¢. hydrogen

d. nilrogen

On the diagram below, label the following: photosphere, chromosphere,
¢ore, corona.

Anatomy of the Sun

Lixplain the meanings of the following terms,
a. sunspot
b. magnetic storm
¢. solar flare
golar wind
¢. aurora

Solar Energy Research

Thers are many ways to collect
sunlight and use it to produce energy
for our everyday needs. When we use
ghergy fram the Sun, it is called sofar
energy.

Photovoltaic (or PV) cells, also called
solar cells, ara devices that convert
surlight directly into alacirlelty. You
may have seeh solar calls on
calculators, watches, or some outdoor
light fixtures. Research solar cells and
find the answars to the following
gueastions.

1. How do solar cells work?

2. How efficlant are sclar calls at
convarting sunlight Inté energy?

3. What are the drawbacks to using
solar energy? '

4. How are scientists trying to make
solar cells mora afflclent?
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