Science ch. 19

Earth, Sun, and Moon
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Chaptér 19

You can visit a robotics competition
in Illinois. High school students from
lllinois and around the world build

robots. These robots and teams then '_FI n d ou t mQ Ee/ >

L let |
compete with each ofber to complete e Research to find out more about robofs
tasks. Sometimes, regional tournaments

are held in Illinois. Over 900 teams and
20 000 students from around the world
competed in the 2004 tournament.

k.

e Think of three dangerous jobs robots |
could do better than humans. Describe
each job and tell why a robot would be |
a better choice to do the job.

e On a separate sheet of paper, draw a
picture and write a description of a robot
doing one of the dangerous jobs.

Past Robotics Competition Goals

e move balls to your opponent’s side of the field

e gain control of the top of a sand pile

e pick up and hand balls to humans

e be first through a maze

e sort through garbage and retrieve objects
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What are the effects of the
movements of Earth and the Mo,

Chapter 19
Vocabulary

rotate poge 53¢
revolve page 53¢

orbit poge 54

' solar eclipse

lunar eclipse
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9 Yeu Are There!

A trip to the Sun wouldn’t be much fun! Even
the coolest regions are thousands of degrees
hotter than Earth. But if you could somehow
withstand the intense heat, you would see

a swirl of glowing gases. Nearby you might
see a tremendous ring of gases thousands of
miles high. Huge flares of unimaginably hot
gases would suddenly burst out into space
above you. What are these huge flares?

Lesson |

What are the

characteristics of
Earth’'s Sun and Moon?

The Sun provides Earth with the heat and
light needed to sustain life. The Moon revolves
around Earth. The Moon's phases are caused
by its position relative to Earth and the Sun.

Solar prominence

Our Sun

Our Sun is a star, just like all the stars
you see in the night sky. The Sun appears
iarger only because it is much clo‘ser to
Earth. The Sun looks like a ball of fire, but
it isn’t burning at all. The Sun is made of
hot gases called plasma. The plasma is s0 O
hot that it glows, like the glow of the wire in a light bulb.
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Earth’s Moon

Looking at the Moon on a clear night, you might B
think that it shines like the Sun. But the Moon has . '\‘.”'E“. -
no light of its own. The light you see is the sunlight Waxing Cftﬁ&nt
that ‘rcﬂccts off the Moon'’s surface. Unlike the Sun As the Moon
begins to wax,
a crescent of light

begins to show
on the side.

’ | ‘ . </

ing Gibbous Full Moon Waning Gibbous

About two weeks  The Moon begins
after a new moon, 1o wane. The
the Moon appears  gibbous shape is
fully lighted. Ithas  now on the left
completed half its side of the Moon.

Third Quarter

The Moon has now
traveled about
three quarters of
its path around
Earth. The lighted

Waning Crescent

The Moon is now

waning. Each night,
grows smaller until
only a thin crescent

First Quarter
AS the Moon
continues fo wax,

YOU can see half
of iis lighted side.

with its swirling hot plasma, the Moon is like a
' rock in space. The Moon has almost no .
giant I o““ s

atmosphere. cee is now called

The Moon rotates, or spins, on its axis while it
revolves around Earth. Revolve means to “move
on a path around an object.” Features of the Moon
are easy to spot because its same side always faces
Earth. Why do we only see one side? The time
for one rotation and one revolution of the Moon
are the same as Earth days. Each time the Moon
revolves around Earth, it also rotates one time.

Phases of the Moon

If you look at the Moon each night for a month,
you'll notice that it seems to change shape. Of
course, the Moon doesn’t really change shape.

path around Earth.

half you see is of light is visible.
now on the side
opposite that of
the First Quarter.

Learning About the Moon

Although the Moon has been known to humans
since prehistoric times, the first visit to tfzv Moon

by a spacecraft didn't happen until 1957. That year
the unmanned Soviet spacecraft Luna 2 landed on
the surface of the Moon. Ten years later, Apollo 11

The phases of the Moon are the different shapes : . Aswongut Buzz Afldnn P — .
S . nave. The > 1pes Clidnige | \ "i') toot::s Ph":‘?:he mtmn:}lﬁm humans to land on the Moon. Their
because the size of the lighted part that we can > P ‘ ms : fsz:;ndl:ring & were the < followed by five more Moon landings,
see from Earth changes. Only the half of the ax oon’s landing wa: .

Moon that faces the Sun at any time is lighted.
The phases you see depend on the positions of
the Moon, Earth, and the Sun.

A NEW moon is the dark phase of the Moon.
During a new moon, the side of the Moon facing

Earth is not lighted. On nights just after a new
moon, the Moon begins to wax. Wa

“ Xing means
gradually growing larger.” g

The Moon is waxing

= Apollo 11 mission.

the last in 1972.
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Lesson 2

What are the ettects ol
‘he movements of Earth

and the Moon?

Davs, vears, and seasons are caused

by Earth’s rotation, revolution, and

tilt on its axis. The changing
positions of the Sun, Moon,
and Earth can cause

solar and lunar eclipses.

In the evening,

the Sun appears
to sink below the

western horizon.

Earth on its Axis

Think about a time thousands of years ago, before telescopes
had been invented and before astronauts had ever traveled into
space. What did people think of Earth and its Sun? If you look
at the daytime sky, the Sun rises in the east and sets 1f] the west.
People naturally thought the Sun was moving around Earth.

We now know that the Sun is the center of our solar system and

that Earth and other planets revolve around the Sun. Earth also
rotates on its axis, an Imaginary line between its poles. A day is
the total time for a planet to make one complete rotation. The
5‘:;]"\('em;x to revolve around Earth because of Earth’s rotation.
A — 4 the\m(:t)g\’,(.) the egstcm horizon. The Sun always
Because you Spin ul()h ('(}(:u‘w e S[‘)in.\ from west to east.
the east. You cxpericn(gczl(:y'tiLr:Ztl(]l' e ﬁbt \'ii\il)l_(‘ 'm

s long as the Sun is visible

arth. Daytime ends when Earth has

S NeTs) . ]
Sun un seems to set in the west. Nighttime
SUNIs no longer visible to you.

from your location onE
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At midnight, the side
of Earth opposite to

you experiences the
noon Sun.

To understand Earth’s
rotation, picture Earth
spinning on a pole.
The speed of Earth’s
rotation at the equator
is about 1,670 km/h.

Heat from the Sun ”
most infense aroyn d
noon When the Sun e
at its highest point.

As the Sun rises
in the eastern sky,

sunlight begins fo
warm Earth.

When you wake up on a winter morning, it may still be
dark outside. If you wake up at the same time In summer, it
may have been light outside for hours. The number of hours
of daylight changes throughout the vear. Notice on the globe
how Earth is tilted on its axis. One half of Earth is usually
tilted slightly toward the Sun. That side has more daylight
hours and fewer nighttime hours. The other half of Earth has
lewer daylight hours and more nighttime hours

The tilt of Earth’s axis has an even greater effect al the
pPoles. When the northern part of Earth is tilted toward the
Sun, the Sun never fully sets at the North Pole The same
IS true at the South Pole when it is tilted toward the Sun
D(]ylisi}ll and darkness at the poles each last six months
You may have noticed that the Moon is sometimes visible

du““‘J the day. The Moon can be seen
' - an
your side of Earth. This 1s sometimes during daytime

whenever 1t 1s ON
d

S0 )
Metimes during nighttime

rise In the
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| '~h on the Moon
EOMh about how much would it weigh ©

Comparing Sizes

If you stand on the top of
Q mouniain or on an ocean
shore and look toward the
horizon, you realize that
Earth is unbelievably large
Compared to the Sun,
however, Earth is just a dot in
space. The Sun is more than
two hundred times wider than
Earth. If the Sun were hollow,
more than a million Earths
could fit inside. The mass of
the Sun is about 330,000
times the mass of Earth. Its
gravitational pull is almost
30 times greater than on
Earth’s surface.

The differences between
Earth and the Moon are not
as great. Earth is about four
times wider than the Moon,
and about 50 Moons could
fit inside a hollow Earth.
Earth’s mass is about 80 times
the mass of the Moon. The
gravitational pull on Earth’s
surface is about six times
stronger than on the Moon'’s
surface. That's why an object
that weighs 60 newtons on
Earth would only weigh 10
newtons on the Moon.
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7 h’s Orbit and Seasons The direct Sl ‘f“‘[‘):‘:‘:‘:r:z;t =
Earth’s Or pake is very small. As each day pq

ly toward yoy qt

Like all objects in space, Farth tends to move in a straight line. The reatel dnd el sses, the Sun'’s rays strike
o of the Sun’s gravity, however, pulls Earth toward the Sun out of 'ahgless iy &afrom ﬂ? €—we say the Sun is lower in the
;1 straight-line path As a result, Earth revolves around the Sun. An it e SIS Dets o € Sun, the dQYS are not as warm.
orbit is the path of an object that revolves around another object oon o 3:! nger.anq lqnger' You bape wh i
Farth’s orbit around the Sun 1s an ellipse, a slightly flattened circle the pa Sa of th ere 'you llV.G Is tilted away from the Sun.
\ vear. about 365 days, is the total amount of time Earth takes to ipon, the angle of the Sun's rays is large, and you make a long
make one orbit around the Sun . A Yec.“' can be defined as the time between the days when
Because Earth’s orbit is an ellipse, 1t is sometimes slightly closer shadow is at its shortest.
to the Sun than at other times. People often think summer is when :
Earth is closer to the Sun, but is this really true? To answer this ‘3 Eoahoutiha eoH:,;w does your noonfime shadow Ch""9e
question, think about standing close to a heater so that your face 9 4 : g
feels warm. If you step just a few centimeters back, the warmth 2. Descriptive Write o porograph describing
vou feel doesn’t change. If you turn around, however, your face seasons if Earth were not filted on its axis
no longer feels warm
Late March
The Tilt and the Seasons Neither hemisphere is pointed toward the
In a similar way, the slight difference in the distance to the Sun Late June Sun. The Northern Hemisphere is experiencing
, spring. It is foll in the Southern Hemisphere
as Earth moves around its orbit has no effect on seasons. In fact The north end of Earth’s

Earth is slightly closer to the Sun when the northern half has winter - A t-ilied towcl-'d e
Earth’s tilt on its axis causes seasons. The Sun warms the side of - - 7l o
Northern Hemisphere.
The Southern Hemisphere

s having winter.

Earth that tilts toward it more than it does the side tilted away

When the North Pole tilts toward the Sun, the northern half of Earth
has summer and the southern half has winter. When the South Pole
tilts toward the Sun, the seasons are reversed. In spring and in fall,

neither pole tilts toward the Sun. Both the northern and southemrn
halves of Earth have mild temperatures

The tilt of Earth’s axis
affects how directly the
Sun shines on Earth as
it travels in its orbit.

When the North Pole filts
away from the Sun, the
Sun’s light is very spread
out here. The Northern
Hemisphere receives the
least amount of energy

at this time of year. y - , Earth’s axis is pointed

1 tures drop, N toward the Sun. It is

v:’::: ':m in. Late Sep winter in the Northern
Neither hemisphere is pointed Hemisphere ond

The Sun’s light strikes the toward the Sun. The Northern summer in the Southern

Earth more directly south

1 Hemisphere is experiencing Hemisphere.
of the equator. The light 1 fall. It s spring in the

concentrated, not spread
out. Concentrated energy

gives this region worm
summer weather

Southern Hemisphere.
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‘Total Solar Ecl;
Solar Eclipses e

picture of Earth’s orbit around the Sun on a piece ‘ | G

“\U“(i]\l\\ A : ‘ . P
vou can't draw the Moon'’s true orbit around Earth on - '

o
;‘}:f‘:}”:; paper. The Moon'’s orbit is t_nltcd slightly at an angle t’rQIn
Farth’s orbit. You can see the effect of this during a new moon. If
the new moon occurs in daytime, you can see the Sun. The Moon
i< a little above or below the Sun because of the tilt of its orbit.
Sometimes, however, the orbit of the Moon crosses exactly between
the Sun and Earth. The Moon eclipses, or covers, the Sun. A solar
eclipse occurs when the Moon blocks the light of the Sun.

The Moon makes two types of shadows on Earth during an
eclipse. The umbra is the darker, inner part of an eclipse shadow. : 4
The penumbra is the lighter, outer part of an eclipse shadow. .' -'I'.unar Rli .
You can see these on the picture at the right. Even though solar . .
eclipses occur several times a year, each place on Earth only
experiences one every few hundred years.

During a solar eclipse, a place on Earth may experience a total
or partial eclipse of the Sun or no eclipse at all. A total eclipse
is when the umbra passes over an area. For several minutes,
the Sun is completely blocked from view. The sky darkens, and
the stars are visible in daytime. Because the Moon'’s shadow is
so small, only a small part of Earth experiences a total eclipse.
Nearby areas that are in the penumbra experience a partial
eclipse. A partial eclipse can also occur when the umbra
completely misses Earth and only the penumbra passes over.

[t's important to remember that you should never look directly
at the Sun. A good way to view an eclipse is by using two pieces
of white cardboard. Place one piece of cardboard on the
ground. Place a pinhole in the center of the other piece.
Point the pinhole at the Sun so that you see a round
‘mage on the other cardboard. The round spot of light

)’()U See on thl' pu,)(,‘r 1S Q })lnh()](’ llnuge ()f t}]c Slln

Time-lapse
photo of a
lunar eclipse

Lunar Eclipses

| different kind of eclipse can occur during a full moon,
whe - i :
ien Earth is between the sun and the Moon. A lunar

: jP : PPens when the Moon passes through Earth'’s a0y V' 7} : R an Grea can experience o partial eclipse?
adow S . o : a8 . . : a2\ ! oA : . :
el Ou can safely watch a lunar eclipse. During a total : : % . o o, S0 DN 1. What are Iwo ways _ils Write delails to support this main

A \(,’ - . ) : . 5 A . - -

You might see the ' ec and Det . Sun.
Easiilats ght see the 2. ‘g Main Idec liose, the Moon blocks the light of the
. idea: During  solor eCiP*= During a total lunar eclipse, the

lightly red- Research fo find the cause of this effect
X oh explaining it

Moon passing through Earth’s shadow
hours. The time
a lunar e lipse
where it js nighttime
year, t

Is shorter for partial eclipses. Unlike
an be seen by most parts of Earth , | : Ly O 3
Lunar and solar eclipses occur about twice a s ; L cin b g o .
ir eclipses are visjble |
ly to see one

s N e it (RN R e T

QA S( nlur €( llp\(‘.
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are much more |, from half the Earth, you
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1
l
1
5

.
g

Objects in space travel great distances at speeds much faster
than humans travel on Earth. The Moon travels around the
Earth at a speed of about 3700 kilometers per hour! o Earth travels around the Sun ot g speed of 30,000 meters per
second. Express this speed in kilometers per hour

Use the information on page 546 to answer each question

One of the world’s fastest runners set a record in a 100 meter race

with an average speed of 10.2 meters per second Compare this speed o As Earth rotates on its axis, a point on the equator
with the speed of the Moon given above s traveling at 1,674 kilometers per hour. Express

Speed is one type of rate. To compare rates, it is usually necessary this speed in mefers per second. Round your
to express them using the same units. One way to do this is to analyze anawer 10 1he neakm ke

the units used for one of the rates and use them to divide and simplify lut
the rate. o The Moon makes one revolution

27 days and
To change 10.2 m/s to km/h, first change 10.2 m to km around Earth in about 2 3
¥ 7 hours. About how far does the

= 00102 km Moon travel in that time?

102m + '900m _ 102m _ 1km 10.2 km

- X ~

| km 1 1000 m 10

The average distance from Earth
0 Ol z G | "
9]_02 kf" .. OO? “ 60 mun 0 t\\OZ km x 60 x 60 = 36.72 km/h to the Moon is 384 400 km I

A o & boe you could travel to the Moon—a

- t 384,400 km—at
Running 36.72 km/h is very fast for a human, but the distance of about 384,4U

{ l an
reeds, about how maily

Moon travels more than 100 times as fast! e o0 oy
weeks would it take? Ihe speed i

- h hwQvs S Cb:L"
on many American Nignwe

100 km/h




Chapter 19 Review and Test Prep
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. . - - 17, During which th rt of Earth
. ~ Ma|n Idea and , g which season is the part o
Use VocabUk“'Y Explaln Concepts E‘» DE"O“S : where you live tilted toward the Sun?
. 6. Why are you more likely to see g | : ® fall
i tates (p. 536 : yarey Y unar - : |
Iunar;c;)lpse e P ) : eclipse than a solar eclipse? 14. Make a graphic organizer like the one : ® spring
’ Aaariehpie : 7. How does Earth’s motion relate to a d below for each lesson in this chapter. Fill S o
. . W A o . "
orbit (p. 540) (p- 542) : and a year? B in the main idea and supporting details © winter
revolve (p. 536) for each lesson. - 18, The Sun is made up of
' 8. What causes seasons? ® okl ek
Use the vocabulary term from above that best : 9+ Explain why your shadow is shorter in : o aureres
completes each sentence : summer than in winter. : ® liquids
' : : @ plasma
1. The Moon on its axis. - 10. Create a drawing to explain the phases , “ ‘ :

occurs when the Moon

| completely blocks out the Sun's light. Process Sk’"S
' 4. The time for Earth to around the .

: ~ hose for
. : f th . 19. Explain why the answer you ¢
2. The ___of Earth is its path around . b m m m : Question 16 is best. For each of the
the Sun. : answers you did not choose, give a
3. Aln) : :

reason why it is not the best choice.

© 20. Narrative Write |
TeSt Prep : a Journol entry about a visit to the Sun .

Sun once is a year. : 1. Inhfer V\/Ihy orz Tc'enngj,o?: :)cachre?dvct Choose the letter that best completes the E.xplo;zn WhOLZ?:OS?:CE:ﬁ f::'c(t)r;;j:;e |
3. Aln) ____ occurs when the Moon passes i folement or answers the question. . el:;r(nfrom the Sun and the sky |
through Earth’s shadow. - 12. Model Make a model that shows how 15. Which of the following is reasonable i i |
: Earth revolves around the Sun. time that a total solar eclipse might take? |
- 13. Predict The picture shows the setup for an ® 5 minutes ;
experiment to see how the angle of light 30 minutes |
hitting a surface affects temperature. Which © 1 hour |
thermometer on the globe do you predicf © 2 hours
will have a higher temperature? Why? 16, Which phase can you see when the |
Moon is waning?
® first quarter moon |
© half moon Z |
® new moon :
D third quarter moon
548 ¢ q.\indpoinfgg: R il i




p trucks glide through air instead of push
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king on the effects of drag

aircraft and the space shuttle.
f large trucks. The researchers
ot its corners and

When you think a
?xplomﬁon. Howev::l:;]:j:ij(' ;’;’U probably think of space travel and )
Improve travel right here on Earth ;C;me NASA scientists has helped , The scn-entist decided to hel
You see on the road has been infl. fezxomple, the shape of some trucks < S through it. In the process, the trucks would enc

Until the 1970s, truck cabs w % by, NASA technologies. P e more fuel-efficient. NASA researchers were wo
These sharp-cornered trucks woelr:j3 shaped like boxes with sharp corners. - " and wind resistance on different kinds of
he rode his bike to and from w 3 k pass a NASA aerospace engineer as . " They applied this knowledge to the design ot forg"
thfa trucks resulted in very stro ork every day. The speed and shape of —_ . changed the box-shaped cab of the truck by roonding © |
;:entist and his bike toward tﬁg :Zd U?even wind gusts that pushed the . % edges. Then they observed the changes if dr‘og TruCkS with the new cab

W.OUId get pulled back t e of the road. After the trucks passed, | | 3 design used much less fuel. This new design 1s NOW widely used
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