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18.1 Earth’s shape and orbit
 • Since the invention of spacecraft, our knowledge of Earth and the Moon has grown tremendously.
 • Earth’s shape is almost spherical except for a slight bulge at the equator.
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18.1 Earth’s orbit
 • The Sun is not at the center of Earth’s orbit.
 • Because of this, the distance from Earth to the Sun changes as Earth revolves.
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18.1 Comparing the Earth and the Moon
 • The Moon is about one quarter the size of Earth and its mass is 7.3 × 1022 kg.
 • Because of the Moon’s small mass, its gravity does not attract an atmosphere.
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18.1 The moon
 • Earth’s single rocky moon is about one-quarter the diameter of Earth.
 • At a distance of 385,000 kilometers, the moon is about 30 Earth diameters away from the planet, completing one orbit every 29 days.
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18.1 The Moon’s orbit
 • The same side of the moon faces Earth at all times.
 • This does not mean that the Moon does not rotate.
 • It rotates much more slowly than Earth.
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18.1 Where did the moon come from?• Before the Apollo
 landings that began in 1969, there were three main theories.
 1. The Moon split off Earth.2. The Moon formed
 somewhere else.3. The Moon and Earth
 were formed together.What evidence did Apollo moon rocks supply?
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How the moon was formed
 • Apollo discoveries gave rise to the giant impact theory that is widely accepted today.
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18.1 Surface features of the moon
 • Craters are large, round pits that cover much of the Moon’s surface.
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18.1 Surface features of the moon
 • Brighter areas are called highlands because they are higher in elevation.
 • Maria are low, dry areas that were flooded with molten lava billions of years ago.
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18.1 Tides• The daily cycle of rising
 and falling ocean levels is called a tide.
 • If the Moon passes overhead once every 24 hrs., you would expect the tide to rise only once.
 • As Earth revolves around the common center of mass, the ocean on the opposite side from the Moon is “flung outward” a little every 12 hrs.
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Motions of the Moon• 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 the Earth is responsible for the changes in its appearance.
 22
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Motions of the Moon• The Moon’s rotation 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.
 22
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Reflection of the Sun• The Moon seems to shine because its surface
 reflects sunlight.
 • Just as half of Earth experiences day as the other half experiences night, half of the Moon is lighted, while the other half is dark.
 22
 • As the Moon revolves around Earth, you see different portions of its lighted side, causing the Moon’s appearance to change.
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18.2 The lunar cycle
 • The gradual change in the appearance of the Moon is called the lunar cycle.
 • The lunar cycle occurs because of the relative positions of Earth, the Moon, and the Sun.
 • Although the lunar cycle is a continuous process, there are eight recognized phases.
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Phases of the Moon
 • Moon phases are the different forms that the Moon takes in its appearance from Earth.
 • The phase depends on the relative positions of the Moon, Earth, and the Sun.
 22
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18.2 The lunar cycle
 • The orbit of the Moon is tilted about 5 degrees from Earth’s orbit.
 • The lunar cycle is caused by the angle the Moon makes with Earth and the Sun as it orbits Earth.

Page 19
                        

Phases of the Moon
 • A new moon occurs when the Moon is between Earth and Sun.
 • During a new moon, the lighted half of the Moon is facing the Sun and the dark side faces Earth.
 22
 • The Moon is in the sky, but it cannot be seen.
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Waxing Phases• After a new moon, the phases begin waxing.
 • Waxing means that more of the illuminated half of the Moon can be seen each night.
 22
 • About 24 h after a new moon, you can see a thin slice of the Moon.
 • This phase is called the waxing crescent.
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Waxing Phases
 • About a week after a new moon, you can see half of the lighted side of the Moon, or one quarter of the Moon’s surface. This is the first quarter phase.
 22
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Waxing Phases
 • When more than one quarter is visible, it is called waxing gibbous after the Latin word for “humpbacked.” A full moon occurs when all of the moon’s surface facing Earth reflects light.
 22

Page 23
                        

• When the Moon’s phases are waning, you see less of its illuminated half each night.
 Waning Phases• After a full moon, the phases are said to be
 waning.
 22
 • Waning gibbous begins just after a full moon.
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Waning Phases• When you can see only half of the lighted
 side, it is the third-quarter phase.
 22
 • The Moon continues to appear to shrink.
 • Waning crescent occurs just before another new moon.
 • Once again, you can see only a small slice of the Moon.
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Waning Phases
 • It takes about 29.5 days for the Moon to complete its cycle of phases.
 22
 • Recall that it takes about 27.3 days for the Moon to revolve around Earth.
 • The discrepancy between these two numbers is due to Earth’s revolution.
 • The roughly two extra days are what it takes for the Sun, Earth, and Moon to return to their same relative positions.

Page 26
                        

18.2 Phases of the Moon• The lighted side of the Moon faces away
 from Earth.• How the moon appears to Earth dwellers at
 different positions in its orbit is shown below:
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18.2 The lunar cycle
 • The Moon is not in Earth’s shadow except during rare eclipses.
 • The Sun-facing side of the Moon is lit by sunlight almost all the time.
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Eclipses—What causes an eclipse?
 • Eclipses occur when Earth or the Moon temporarily blocks the sunlight from reaching the other.
 22
 • Sometimes, during a new moon, the Moon’s shadow falls on Earth and causes a solar eclipse.
 • During a full moon, Earth’s shadow can be cast on the Moon, resulting in a lunar eclipse.
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Eclipses—What causes an eclipse?
 22
 • An eclipse can occur only when the Sun, the Moon, and Earth are lined up perfectly.
 • Because the Moon’s orbit is not in the same plane as Earth’s orbit around the Sun, lunar eclipses occur only a few times a year.
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18.2 Lunar eclipses
 • A lunar eclipse occurs when Earth’s shadow falls on the Moon.
 • Because of its tilted orbit, in most months, Earth’s shadow does not block the sunlight from hitting the Moon.

Page 31
                        

18.2 Lunar eclipses• A lunar eclipse can be total or partial and all
 observers on the dark side of Earth can see it at the same time.
 • A partial eclipse occurs when only part of the Moon falls in Earth’s shadow.
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Eclipses of the Moon
 22
 • When Earth’s shadow falls on the Moon, a lunar eclipse occurs.
 • A lunar eclipse begins when the Moon moves into Earth’s penumbra.
 • As the Moon continues to move, it enters Earth’s umbra and you see a curved shadow on the Moon’s surface.
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Eclipses of the Moon
 22
 • Upon moving completely into Earth’s umbra, the Moon goes dark, signaling that a total lunar eclipse has occurred.
 • Sometimes sunlight bent through Earth’s atmosphere causes the eclipsed Moon to appear red.
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18.2 Solar eclipses• A solar eclipse occurs when the Moon’s
 shadow falls on Earth.
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Eclipses of the Sun
 22
 • A solar eclipse occurs when the Moon moves directly between the Sun and Earth and casts its shadow over part of Earth.
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18.2 Solar eclipses• A total solar eclipse is
 caused by the Moon’s shadow blocking out the Sun.
 • The Sun is completely blocked by the Moon’s shadow for about two or three minutes.
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18.2 The Seasons• The seasons are caused by the 23-degree tilt of
 Earth’s axis of rotation relative to its orbit.
 • During summer in the Northern Hemisphere, the north end of the axial tilt is facing toward the Sun.
 • This results in more direct sunlight and higher temperatures.
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11
 • 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.
 What causes changing seasons?— Orbiting the Sun
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A Tilted Axis
 11
 • 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.
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18.2 The Seasons
 • The path of the Sun across the sky in the Northern hemisphere during the year shows the positions of the 1st day of each new season.
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Radiation from the Sun
 11
 • 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.
 • It receives more total solar energy than the hemisphere tilted away from the Sun, where sunlight strikes at a lower angle.
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Radiation from the Sun
 11
 • 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 experiences winter.
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Solstices
 11
 • The solstice is the day when the Sun reaches its greatest distance 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.
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• Then the hours of daylight increase again.
 Solstices
 11
 • In the southern hemisphere, the winter solstice 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.
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• At an equinox the Sun strikes the equator at the highest possible angle, 90°.
 Equinoxes
 11
 • An equinox 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.
 • Two times each year the Sun is directly over the equator, resulting in the spring and fall equinoxes.
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Equinoxes
 11
 • During an equinox, the number of daylight hours and nighttime 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.
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Equinoxes
 11
 • 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.
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