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What is the Moon?

A natural satellite

One of more than 150 moons
in our Solar System e

The only moon of the planet
Earth

e=0.55




’ Location

* About 384,000 km
from Earth

* mass=1/81 my

Volume=1/50 V




Moon Size : 3,468 km in diameter
> (about % the size of Earth)

N oA o, /i Gravity ~1/6 of
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The Moon’s Surface

* No atmosphere
* No liquid water

o Extreme temperatures

— Daytime = 150°C
Nighttime = -140°C




Moon Surface

* Mountains up to 7500 m
(25,000 ft) tall

* Rilles (trenchlike valleys)




Lunar Features - Craters

o Up to 2500 km (1,553 miles) across
* Most formed by meteorite impact on the Moon

* Some formed by volcanic action inside the Moon




Lunar Features - Maria

Originally thought to be
“seas” by early
astronomers

Darkest parts of lunar
landscape

Filled by lava after crash
of huge meteorites on
lunar surface 3-4 billion

years ago
Mostly basalt rock



http://antwrp.gsfc.nasa.gov/apod/image/0012/moon3rd_armstrong_big.jpg

Far Side of the Moon

o Firstseen by Luna 3
Russian space probe in

1959
o Surface features different

from near side
— More craters
— Very few maria

— Thicker crust




Craters

Can you see the rays?

Maria

‘*  Does this photo show
us a limb or terminator

| \ (g)-' ling?




(c) 1997 Sky Publishing Corp.




What would have happened if the

Earth did not have the Moon?

Without the Moon, we would still have high and low tides due
to the Sun, but these would be half as tall as the lunar high and
low tides. There would, however, be no Neap or Spring Tides
which occur when the Sun and Moon are on opposite sides of
the Earth, or on the same side.

The movements of the tide have always created special environments on
Earth. Many life forms have developed in these tidal pools and basins.
Without tides, the kinds of plants and animals on Earth would be quite
different than those we know today. So we can safely say that life forms
would have been different at all times of Earth’s history. If Earth didn't

have such a large satellite, it wouldn't have had dinosaurs in the Mesozoic

Era, and it wouldn't have people today.



Some people believe that tidal pools, with their combination of shallow, still water,
plenty of sunlight, and regular influx of fresh materials, plus evaporation to concentrate
the brew, might have provided the environment in which some of the first forms of life
on Earth might have developed.



If this is true, then the lack of a Moon would not have discouraged
the earliest forms of life on Earth.



In fact, no complex life of any kind would have ever
emerged. The evolution of complex life forms requires
long periods of stable conditions.

Without the Moon, there would have been no necessity for
breaking the calendar year into 12 montbs.

Recent computer simulations suggest that, without the Moon, the
Earth's axis tilt may have been very different than what it is today.
This would have caused very different seasons on the Earth, and the
impact that this could have had on the developing biosphere ranges
from moderate to catastrophic.



Without the Moon, there might not be any seasons, or the seasons might
be very different ones.

Without this tilt, the rays from the Sun would always strike the Earth's
surface at a fixed angle every day of the year. At the Earth's equator,
the Sun's rays would always be perpendicular to the ground all year
long. At a latitude of 45 degrees, they would strike the ground at 45
degrees every day, and at the North and South Poles, the Sun would
never make it above the horizon. There would be a belt around the
equator where it always felt like summer. At mid-latitudes it would
always feel like spring or autumn, and in the extreme latitudes we
would have winter all year around.

Without the Moon, there would be no change in the length of the day
due to the tidal friction between the Earth and Moon.



The Tides

e Tides caused by pull of Moon’s gravity on Earth
« High tide —

— Side facing Moon and side away from Moon

— Every 12 hours, 25 % minutes

 Low tide —
— On sides of Earth



Tides in the Atmospher'e
TIDE-PRODUCING FORCES

Earth + Moon = single system rotating about a common CM.
(T=27.3 days)

"

Moon

Earth


http://en.wikipedia.org/wiki/Image:Orbit3.gif

Gravitational forces on Earth due to the Moon

» Force decreases with increasing distance

o Force is directed toward the Moon’s center of mass




Centripetal forces on Earth due to the Moon

All points on and within the Earth will experience the same
centrifugal force.(Fc)

o Force is the same
everywhere on Earth

e Force is directed |
perpendicular to To Moor
Earth’s center
everywhere on Earth

—_ - = =

F_acting on the Earth-Moon system = Fg Earth-Moon ey

system in equilibrium



What causes tides?

Tides are created by the imbalance between
two forces:

1. Gravitational force of the Moon and Sun
on Earth

e Ifmass increases (N), then
gravitational force increases ()

e Ifdistanceincreases (1), then
gravitational force greatly decreases

(W)

2. Centripetal (center-seeking) force
required to keep bodies in nearly circular
orbits



Resultant forces

Resultant forces are:

The difference between gravitational (G) and
centripetal (C) forces

__ Gravitational attraction

— (Centripetal force

— Gravitational attraction of moon
—— Resultant force

Directed away from Moon on the side of Earth opposite Moon
Directed toward Moon on the side of Earth facing Moon


http://en.wikipedia.org/wiki/Image:Field_tidal.png

 Differences in gravity on different parts
of the Earth produce tidal bulges.

High Tides



Earth-Moon-Sun positions and the monthly tidal cycle

For example, particularly large tides are experienced in the
Earth's oceans when the Sun and the Moon are lined up with the
Earth at new and full phases of the Moon. These are called
spring tides (the name Is not associated with the season of Spring).
The amount of enhancement in Earth's tides is about the same
whether the Sun and Moon are lined up on opposite sides of the
Earth (full Lunar phase) or on the same side (new Lunar phase).

First Quarter
P T

Full Moon 0 New Moon



Earth-Moon-Sun positions and the monthly tidal cycle

Conversely, when the Moon is at first quarter or last quarter
phase (meaning that it is located at right angles to the Earth-
Sun line), the Sun and Moon interfere with each other in

producing tidal bulges and tides are generally weaker; these

are called neap tides.

First Quarter

Last Quarter
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Movements of the Moon

o Revolution — Moon orbits

the Earth every 27/32 days

o The moon rises in the east
and sets in the west

o The moon rises and sets 51
minutes later each day

o Rotation — Moon turns on
its axis every 27/32 days

* Same side of Moon always
faces Earth



It’s Just a Phase

Moonlight is reflected
sunlight

Half the moon’s surface is
always reflecting light
From Earth we see different

amounts of the Moon’s lit
surface

The amount seen is called a

“phase”



'

sunlight

=

The Phases of the Moon
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Lunar Eclipses

 Moon moves into
Earth’s shadow — this
shadow darkens the
\Y[o]e]g

eec
D .
-

« About 2-3 per year
i« Lastup to4 hours
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o
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Solar Eclipses

« Moon moves between
Earth and Sun

« Moon casts a shadow
on part of the Earth

 Total eclipses rare —
only once every 360
years from one
location!




Moon Rotation

Spins on axis (rotates) once every

27.3 days
Tilted -7 degrees (Earth = 23.5)




Moon Stats Moon’s orbit around Earth is
inclined about 5 degrees to
Earth’s plane of orbit

Ecliptic plane Moon’s orbital plane




The Moon rotates in 27.3 days.

The Moon orbits Earth in 27.3 days.

Because the Moon rotates and

/e

revolves at the same rate, we only | * . &%

see one side
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In one sidereal month, the Earth travels about
(0.985 degrees per day) x (27.3 days) = 26.9 degrees
along its orbit around the Sun.

The Moon moves at a speed of about 13.2 degrees per
day. So to get back to the same relative Sun-Earth-Moon
position, the Moon has to travel an additional

26.9/13.2 = 2.04 days.

This means that from one lunar phase to the next one a
month later, the time interval is 27.3 + 2.04 = 29.3 days.

This accounts for nearly all of the synodic month. The rest is
taken up by slight differences due to the fact that both orbits
(the Earth around the Sun and the Moon around the Earth)
are elliptical, not circular.



Because the orbits of the Earth and
Moon aren't circular, and hence the
two bodies don't move at a
constant speed, the actual time
between lunations may range from
about 29.27 to about 29.835
days.




Exploring the Moon
1950s to 1960s - probes

Neil Armstrong  First
man on the Moon — July
20, 1969

Six Apollo missions
(1969-1972)
— 382 kg (842 Ibs) rocks

12 Americans have
walked on the moon
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Plane of earth’s orbit



What have we learned?

 Why are there two high tides on Earth each day?

o The Moon’s gravity stretches Earth along the Earth-
Moon line, so that it bulges both toward and away

from the Moon.

o Why are tides on Earth caused primarily by the Moon
rather than by the Sun?

o Earth’s gravitational attraction to the sun is stronger
than its gravitational attraction to the Moon, but
tides are caused by the difference between the strength
of the gravitational attraction across Earth’s

diameter. This difference is greater for the
gravitational force due to the Moon, because the Moon

is so much closer than the Sun.



Inclination

The moon does not rotate around the earth’s equator, but follows an orbit

that is inclined in relation to the earth’s axis.

Because of this, northern and southern latitudes commonly face only one high tide
and one low tide in a day, called dinrnal tides.

The inclination of the moon changes in relation to the earth on a 19 year cycle.

The earth's inclination in relation to the sun also effects the tides. The
sun's inclination follows a year-long cycle, and is in highest inclination in
the summer and winter months. During these months the "bulges” in the
ocean are offset the most from the equator, and it is most likely to

encounter only one tide cycle per day, or diurnal tides. —

P - dlurneﬂ' (one tide a day)

==~ semidiurnal

-~ (two tides a day)

-~




