What Youll Learn

& Examine Earth’s physical
- characteristics.

and revolution.
@ Discuss what causes seasons
to change.

Wéy It’s Important

Your life follows the rhythm of
Earth’s movements.

-

D Review Vocabulary
orbit: the path taken by an object
revolving around another

New Vocabulary

® sphere o ellipse
® axis ® solstice
® rotation ® equinox
e revolution

Figure 1 Formany years, sailors
have observed that the tops of
ships coming across the horizon
appear first. This suggests that
Earth is spherical, not flat, as was
once widely believed.

Differentiate between rotation
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Properties of Earth

You awaken at daybreak to catch the Sun “rising” from the
dark horizon. Then it begins its daily “journey” from east to west
across the sky. Finally the Sun “sinks” out of view as night falls.

- Is the Sun moving—or are you?

It wasn’t long ago that people thought Earth was the center
of the universe. It was widely believed that the Sun revolved
around Earth, which stood still. It is now common knowledge
that the Sun only appears to be moving around Earth. Because
Earth spins as it revolves around the Sun, it creates the illusion
that the Sun is moving across the sky.

Another mistaken idea about Earth concerned its shape.
Even as recently as the days of Christopher Columbus, many
people believed Earth to be flat. Because of this, they were afraid
that if they sailed far enough out to sea, they would fall off the
edge of the world. How do you know this isn’t true? How have
scientists determined the true shape of Earth?

Spherical Shape A round, three-dimensional object is called
a sphere (SFIHR). Its surface is the same distance from its cen-
ter at all points. Some common examples of spheres are basket-
balls and tennis balls.

In the late twentieth century, artificial satellites and space
probes sent back pictures showing that Earth is spherical.
Much earlier, Aristotle, a Greek astronomer and philosopher

-who lived around 350 B.C., suspected that Earth was spherical.

He observed that Earth cast a curved shadow on the Moon
during an eclipse.

. In addition to Aristotle, other
individuals made observations
that indicated Earth’s spherical
shape. Early sailors, for example,
noticed that the tops of ap-
proaching ships appeared first on
the horizon and the rest appeared
gradually, as if they were coming
over the crest of a hill, as shown
in Figure 1.
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Additional Evidence Sailors also noticed changes in how the
night sky looked. As they sailed north or south, the North Star
moved higher or lower in the sky. The best explanation was a
spherical Earth.

Today, most people know that Earth is spherical. They also
know all objects are attracted by gravity to the center of a spher-
:cal Earth. Astronauts have clearly seen the spherical shape of
Earth. However, it bulges slightly at the equator and is somewhat
flattened at the poles, so it is not a perfect sphere.

Rotation Earth’s axis is the imaginary vertical line around
which Earth spins. This line cuts directly through the center of
Earth, as shown in the illustration accompanying Table 1. The
poles are located at the north and south ends of Earth’s axis. The
spinning of Earth on its axis, called rotation, causes day and night
to occur. Here is how it works. As Earth rotates, you can see the
Sun come into view at daybreak. Earth continues to spin, making
it seern as if the Sun moves across the sky until it sets at night.
During night, your area of Earth has rotated so that it is facing
away from the Sun. Because of this, the Sun is no longer visible to
you. Earth continues to rotate steadily, and eventually the Sun
comes intG view again the next morning. One complete rotation
takes about 24 h, or one day. How many rotations does Earth com-
plete during one year? As you can infer from Table 1, it completes
about 365 rotations during its one-year journey around the Sun.

@ Why does the Sun seem to rise and set?

Diameter (pole to pole) 12,714 km

Diameter (equator) 12,756 km
Circumference (poles) 40,008 km
Circumference (équator) 40,075 km
Mass | | 5.98 X 10*kg
Average density 5.52 g/em?®

 Average distance to the Sun | 149,600,000 km

Period of rotation (1day) | 23h, 56 min

Period of revolution (1 year) | 365days, 6h, 9 min

Earth's Rotation
Suppose that Earth's
rotation took twice as
long as it does now. In
your Science Journal, pre-
dict how conditions such
as global temperatures,
work schedules, plant
growth, and other factors
might change under
these circumstances.
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Figure 2 Earth’s magnetic field
is similar to that of a bar magnet,
almost as if Earth contained a giant

magnet. Earth’s magnetic axis
is angled 11.5 degrees from its
rotational axis.

Making Your Own

. Magnetic Field

Compass Scientists hypothesize that the movement
Procedure « = of material inside Earth’s core, along with
B e Earth’s rotation, generates a magnetic field. This magnetic field
WARNING: Use care when is much like that of a bar magnet. Earth has a north and a south
handling sharp objects. magnetic pole, just as a bar magnet has opposite magnetic poles
1. Cut off the bottom of a at each of its ends. When you sprinkle iron shavings over a bar

plastic foam cup to make
a polystyrene disk.

magnet, the shavings align with the magnetic field of the mag-
net. As you can see in Figure 2, Earth’s magnetic field is

2 ‘I:A:eg(;(;tg; ?0;?:::::)%5,), similar—almost as if Earth contained a giant bar magnet.
stroking the needle in the Earth’s magnetic field protects you from harmful solar radiation
same direction with a by trapping many charged particles from the Sun.
magnet for 1 min.

3. Tape the needle to the Magnetic Axis When you observe a compass needle point-
center of the foam disk. ing north, you are seeing evidence of Earth’s magnetic field.

4 :ll(i‘a: fg:ﬁs‘g't:e‘g;ze;g:d Earth’s magnetic axis, the line joining its north and south mag-
up, in the water. ne'tic.p(?les,.does not align with its rotational axis. 'l'“he magr'xetic

Analysis axis is inclined at an angle of 11.5° to the rotational axis. If

1. What happened to the

2.

the open seas.

needle and disk when you
placed them in the water?
Why did this happen?
Infer how ancient sailors
might have used magnets
to help them navigate on

you followed a compass needle, you would end up at the mag-
netic north pole rather than the rotational north pole.

The location of the magnetic poles has been shown to change
slowly over time. The magnetic poles move around the rotational
(geographic) poles in an irregular way. This movement can be
significant over decades. Many maps include information about
the position of the magnetic north pole at the time the map was
made. Why would this information be important?
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What causes changing seasons?

Flowers bloom as the days get warmer. The Sun appears
higher in the sky, and daylight lasts longer. Spring seems like a
fresh, new beginning. What causes these wonderful changes?

Orbiting the Sun You learned earlier that Earth’s rotation
causes day and night. Another important motion is revolution,
which is Earth’s yearly orbit around the Sun. Just as the Moon is
Earth’s satellite, Earth is a satellite of the Sun. If Earth’s orbit
were a circle with the Sun at the center, Earth would maintain a
constant distance from the Sun. However, this is not the case.
Earth’s orbit is an ellipse (ee LIHPS)—an elongated, closed
curve. The Sun is not at the center of the ellipse but is a little
toward one end. Because of this, the distance between Earth and
the Sun changes during Earth’s yearlong orbit. Earth gets closest
to the Sun—about 147 million km away—around January 3.
The farthest Earth gets from the Sun is about 152 million km
away. This happens around July 4 each year.

2 Whatis an ellipse?

Does this elliptical orbit cause seasonal temperatures on
Earth? If it did, you would expect the warmest days to be in
January. You know this isn’t the case in the northern hemi-
sphere, something else must cause the change.

Even though Earth is closest to the Sun in January, the
change in distance is small. Earth is exposed to almost the same
amount of Sun all year. But the amount of solar energy any one
place on Earth receives varies greatly during the year. Next, you

will learn why.

A Tilted Axis Earth’s axis is tilted
23.5° from a line drawn perpendicular
to the plane of its orbit. It is this tilt that
causes seasons. The number of daylight
hours is greater for the hemisphere, or
half of Earth, that is tilted toward the
Sun. Think of how early it gets dark in
the winter compared to the summer. As
shown in Figure 3, the hemisphere that
is tilted toward the Sun receives more
hours of sunlight each day than the
hemisphere that is tilted away from the
Sun. The longer period of sunlight is
one reason summer is warmer than
winter, but it is not the only reason.

Visit earth.msscience.com for Web
links to information about orbits
and ellipses.

Activity Scientists compare
orbits by how close they come to
being circular. To do this, they use
a measurement calied eccentricity.
A circle has an eccentricity of zero.
Ellipses have eccentricities that are
greater thanzero; but less than
one. The closer the eccentricity is
to one, the more elliptical the
orbit. Compare the orbits of the
four inner planets. List them in
order of increasing eccentricity.

Figure 3 Insummer, the north-
ern hemisphere is tilted toward the
Sun. Notice that the north pole is
always lit during the summer.
Observe Why is there a greater
number of daylight hours in the
summer than in the winter?

o NorthPole —\

SECTION 1 Earth 663



Figure 4 During the summer
solstice in the northern hemi-
sphere, the Sun is directly over the
tropic of Cancer, the latitude line
at 23.5° N latitude. During the
winter solstice, the Sun is directly
over the tropic of Capricorn, the
latitude line at 23.5°S latitude. At
fall and spring equinoxes, the Sun
is directly over the equator.

Winter solstice
- for horthemn hemisphere

Radiation from the Sun Earth’s tilt also causes the Sun’s
radiation to strike the hemispheres at different angles. Sunlight
strikes the hemisphere tilted towards the Sun at a higher angle,
that is, closer to 90 degrees, than the hemisphere tilted away.
Thus it receives more total solar radiation than the hemisphere
tilted away from the Sun, where sunlight strikes at a lower angle.

Summer occurs in the hemisphere tilted toward the Sun,
when its radiation strikes Earth at a higher angle and for longer
periods of time. The hemisphere receiving less radiation experi-
ences winter.

Solstices

The solstice is the day when the Sun reaches its greatest dis-
tance north or south of the equator. In the northern hemisphere,
the summer solstice occurs on June 21 or 22, and the winter
solstice occurs on December 21 or 22. Both solstices are illus-
trated in Figure 4. In the southern hemisphere, the winter sol-
stice is in June and the summer solstice is in December. Summer
solstice is about the longest period of daylight of the year. After
this, the number of daylight hours become less and less, until
the winter solstice, about the shortest period of daylight of the
year. Then the hours of daylight start to increase again.

Summer solstice
for northem hemisphere

~Spring equinox
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Equinoxes

An equinox (EE kwuh nahks) occurs when the Sun is directly
above Earth’s equator. Because of the tilt of Earth’s axis, the Sun’s
position relative to the equator changes constantly. Most of the
time, the Sun is either north or south of the equator, but two
times each year it 1S directly over it, resulting in the spring and fall
equinoxes. As you can see in Figure 4, at an equinox the Sun
strikes the equator at the highest possible angle, 90°.

During an equinox, the number of daylight hours and night-
time hours is nearly equal all over the world. Also at this time,
neither the northern hemisphere nor the southern hemisphere
is tilted toward the Sun.

In the northern hemisphere, the Sun reaches the spring
equinox on March 20 or 21, and the fall equinox occurs on
September 22 or 23. In the southern hemisphere, the equinoxes
are reversed. Spring occurs in September and fall occurs in March.

Earth Data Review As you have learned, Earth is a sphere
that rotates on a tilted axis. This rotation causes day and night.
Farth’s tilted axis and its revolution around the Sun cause the
seasons. One Earth revolution takes one year. In the next sec-
tion, you will read how. the Moon rotates on its axis and revolves

around Earth.

Topic: Seasons

Visit earth.msscience.com for Web
links to information about the
Seasons.

Activity Make a poster
describing how the seasons differ
in other parts of the world. Show
how holidays might be celebrated
differently and how farming might
vary between hemispheres.

Summary

Properties of Earth

@ Earth is a slightly flattened sphere that rotates
around an imaginary line called an axis.

o Earth has a magnetic field, much like a bar
magnet.

e The magnetic axis of Earth differs from its
rotational axis.

Seasons

e Earth revolves around the Sun in an elliptical
orbit.

© The tilt of Earth’s axis and its revolution cause
the seasons.

@ Solstices are days when the Sun reaches its
farthest points north or south of the equator.

@ Equinoxes are the points when the Sun is .
directly over the equator.

R

. Explain why Aristotle thought Earth was spherical.
. Compare and contrast rotation and revolution.
. Describe how Earth’s distance from the Sun changes

. Explain why it is summer in Earth’s northern hemisphere

. Think Critically Table 1 lists Earth’s distance from the

. Classify The terms clockwise and counterclockwise are

Self Check

throughout the year. When is Earth closest to the Sun?
at the same time it is winter in the southern hemisphere.

Sun as an average. Why isn’t an exact measurement
available for this distance?

Mmmmmm
.. Applying Skills.

used to indicate the direction of circular motion. How
would you classify the motion of the Moon around
Earth as you view it from above Earth’s north pole?
Now try to classify Earth’s movement around the Sun.j

Sl w«’(\,:'( R R
Sc?gnc rling earth.msscience.com/self_check_quiz
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What You'll Learn

E Identify phases of the Moon and
their cause.

# Explain why solar and lunar
eclipses occur.

E Infer what the Moon's surface

features may reveal about its

history.

Wéy It's Important

Learning about the Moon can teach
you about Earth.

D Review Vocabulary
mantle: portion of the interior of
a planet or moon lying between
the crust and core

New Vocabulary

® moon phase e waning

® new moon e solar eclipse
® waxing ® lunar eclipse
o full moon ® maria

Figure 5 In about 27.3 days,
the Moon orbits Earth. It also
completes one rotation on its

axis during the same period.
Think Critically Fxplain how this
affects which side of the Moon faces
Earth.

The Moon—
Earth’s Satellite

Motions of the Moon

i Just.as Earth rotates on its axis and revolves around the Sun,

the Moon rotates on its axis and revolves around Earth. The
Moon’s revolution around Earth is responsible for the changes
in its appearance. If the Moon rotates on its axis, why can’t you
see it spin around in space? The reason is that the Moon’s rota-
tion takes 27.3 days—the same amount of time it takes to
revolve once around Earth. Because these two motions take the
same amount of time, the same side of the Moon always faces
Earth, as shown in Figure 5.

You can demonstrate this by having a friend hold a ball in
front of you. Direct your friend to move the ball in a circle
around you while keeping the same side of it facing you.
Everyone else in the room will see all sides of the ball. You will
see only one side. If the moon didn’t rotate, we would see all of
its surface during one month.

~ Moon’s rotation
| “y T —

Moon'’s otbit
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