Chapter 5:
Our Moon

Image Credit: APOD http://apod.nasa.gov/apod/ap120901.html
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Our moon is special. It’s the only one we have. A few key points:
 It is one of the larger moons in our system.
 It isn’t large enough, though, to have much gravity; only 1/6 the gravity as we have here.
 With that little gravity, it cannot hold onto an atmosphere; there is none.
 Its interior is “cool” so there is no plate tectonics like here on earth.
 It is covered with craters. Duh.
 It was probably formed by a large platetoid colliding with the early earth in what is called the “Big
Whack”.
 It periodically aligns with the earth and sun to produced eclipses; both solar and lunar.
 The gravitation from the moon causes tides here on earth.
 It is the only celestial object other than the earth where mankind has set foot.
So, there you have it. Everything you need to know. Well, almost…
Description The Moon is about ¼ the size of earth. Following is a scale image and data chart for the Moon. By
the way, when the word “moon” is capitalized as in “Moon”, I am referring to our moon.
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Age

4.527 Billion years (4.527x109 ( 0.02) yr)

Average Distance to Earth (Orbital Radius)

384,399 km (3.84x108m)

Orbital Period

27.321582 d (27 d 7 h 43.1 min[1])

Rotational Period

27.321582 d (synchronous)

Average Orbital Speed

1.022 km/s

Average Radius

1,737.10 km (0.273 Earths)

Equatorial Radius

1,738.14 km

Polar Radius

1,735.97 km

Mass

7.3477 × 1022 kg (0.012300 Earths[1])

Average Density

3346 kg/m3

Equatorial Velocity

4.627 m/s

Surface Gravity

1.622 m/s2 (0.165 4 g)

min

mean

Max

Equator

100 K

220 K

390 K

Poles

70 K

130 K

230 K

Surface temp.

Axial Tilt

6.687°

Atmospheric Composition

0% Anything

Surface Features The Moon is quite weird, yet common. It has features that weren’t known of till Galileo
pointed his telescope toward it and found out it is just a big rocky wasteland. Before that, there were all kinds of
wild ideas: cheese, God’s Eye, and a myriad of lesser gods.
We see the surface scarred by thousands of craters, left over from times gone by from violent collisions of
asteroids and comets. A few of the larger craters are even visible to the naked eye observer on a clear night.
One of the big ones is crater Clavius at 240 km (155 miles) wide. The earth has craters, too, so these are nothing
special in that sense. Many of you may have visited Meteor Crater east of Flagstaff, Arizona. Pictured below, it is
one of the largest impact craters still intact on the surface of the earth.
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Image: WikiCommons
Meteor Crater is 1.2 km (0.8 miles) wide and was caused by an iron meteor 50,000 years ago. However, if you
look closely at this crater and compare it to a typical Moon crater, something is very apparent.

Image: Side view of the Moltke crater taken from Apollo 11
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Meteor Crater on the left has been weathered over the past 50,000 years by, well, weather. Rain and wind have
cause some serious wall erosions and the water ditches are evident on the inside walls where water has run
down the sides carrying dirt and rock with it. The Moltke Crater on the Moon is smooth, no signs of weathering,
and the surrounding area is obviously bombarded by smaller meteors that are still there. Why the difference?
The earth has an active thick atmosphere with a Jabillion different weather patterns. The Moon, as due to its
small size, has absolutely no measurable atmosphere to speak of. That means there’s no weather on the Moon.
None. So, a mark on the surface stays there conceivably forever. Even Buzz Aldrin’s, NOT Neil Armstrong’s,
famous footprint from Apollo 11 shown below is still there in pristine undisturbed shape and will be for millions
of years in the future.

Image: WikiCommons

Another striking feature of the Moon’s surface is the maria (“maria” is Latin for “seas). These are the darker
smoother areas of the surface that Galileo thought were seas. That is why they are all called Sea of Something:
Sea of Tranquility, Sea of Galileo, Sea of Serenity. These darker spots are the features that make the famous
“Man In The Moon” face that some folks see.

Chapter 5 P a g e | 5

Chapter 5 P a g e | 6

The Man in the Moon: Image GoogleIma

American Indian Rabbit in the Moon: Image Google Images
The maria are smoothed over sections of the surface after large collisions early in the Moon’s life where it was
still hot. Large asteroids slammed into it, creating a hole that filled in with molten lava and cooled to a smooth
surface. See image below:

Highlands These are the brighter areas that surround the maria. They are the rims of ancient craters. The maria
are mostly iron, magnesium, and titanium silicates whereas the highlands are mostly anorthosite, a type of rock
rich in calcium.
Rilles and Rays Rilles are cracks in the surface, rays are the splash marks left over from impacts. Below:
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Rilles, left, called Hadley Rille, found at the base of the Apennine Mountains in the eastern part of Mare
Imbrium.
Rays, right image, obvious from Crater Tycho near bottom of Moon.
Orbit & Motion of Moon Probably, the weirdest thing about the moon is its orbit around us. If you ever paid
attention, which is something you should do in class and in your regular life, you noticed that the Moon always
looks the same. That means we can only see one side from here. How can that be? It orbits us AND rotates on its
own axis just like we do, but one side faces us all the time? What’s up with that?
The Moon has fallen into what is called a synchronous orbit around the earth. The means since it takes roughly
28 days to go around us it also takes 28 days for it to rotate one time around its axis. That means its day and
month are the same thing!
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Notice in the above diagram (taken from Arny’s Explorations textbook we used to use) that fictional “Lunar
Peak” faces the earth all the time. While the Moon orbits us, it also rotates. Both revolution and rotation take
exactly the same amount of time. Why?
It is now known the Moon has a center that is offset. The earth’s core is dead center in the sphere of the earth.
The Moon’s core is not. The center of mass is closer to Earth than the center should be. This means the gravity
from Earth keeps tugging at that center of mass pulling it closer to the earth.
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Image: http://www.oglethorpe.edu

Image: Tufts.edu
So, what does the other side, the so-called “Dark Side”, of the Moon even look like since we’ve never seen it
from here? Well, we have seen it. From behind the Moon. Here is what it looks like compared to the “near” side.
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Dark Side of the Moon; Pink Floyd
Just kidding…

Near and far side of the Moon
Notice anything strange? No maria. The far side is pock-marked with a bajillion craters with only one small maria
visible. Why is this? There are two theories. One simple, one not so simple.
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Simple theory is that since that is the side that faces away from the earth, it gets hit by space rocks more
frequently than the near side. Anything coming toward the earth and the Moon is in the way will hit that back
side. Anything coming toward the earth and the Moon is on the other side of the earth in its orbit will hit the
earth since it’s the big kid on the block.
Not-So-Simple theory is a huge collision late in the Moon’s life called the “Big Splat”. Something really big
smacked into the back side and all the ejecta layered onto the back side. This actually explains why the core is
off center. Sorta. As you can see below, a large mass smacked into the back side of the Moon. It must have been
a slow smack since all it did was break apart and fall back down on the surface. This predicts the different
composition and look of the far side.

Image: Air & Space Magazine; January 2012 [50]

Origin of the Moon Where did this guy come from? Before the Apollo missions where we brought back tons of
rock samples, there had been three good theories over the years that explain it. Here they are.
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The Capture Theory This states that the Moon is actually another planet back when the Solar System was young.
Actually, there were 63 planets at one time. The Moon simply traveled a little too close to the earth and our
tremendous gravitational pull grabbed it and kept it; thereby the term “Capture”.
If captured, that means the Moon was made somewhere else and would be made of totally different stuff.

The Twins Theory This one states that Earth & the Moon were both made at the same time at the same place.
If a “twin”, the Moon would be made of exactly the same stuff as Earth.

The Washing Machine Theory In this one, Earth simply flung off a bunch of its own mass like a washing machine
during spin cycle will fling water out of wet clothing. This flung off stuff then coalesced into the Moon.
If flung off, the Moon would be made of exactly the same stuff as our crust since it would have come from our
outside.
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Well, after the Apollo missions, geologists and astrophysicists had to scrap all three theories and start all over
again. The Moon rocks brought back showed that in some ways we are the same, but in others we are different.
We both share many of our crust elements like titanium and aluminum. However, there’s very little iron and
nickel on the Moon and we have lots of it. So, back to the proverbial drawing board.
In 1898, George Darwin, son of Charles Darwin of evolution fame, made the suggestion that the Earth and Moon
had once been one body. He’s the one who said that a molten Moon had been spun off from the Earth because
of centripetal forces and this became the dominant academic explanation of the time. Using Newtonian
mechanics, he calculated that the Moon had orbited much more closely in the past and was drifting away from the
Earth. This drifting was later confirmed by American and Soviet experiments, using laser ranging targets placed
on the Moon.
Nonetheless, Darwin's calculations could not resolve the mechanics required to trace the Moon backward to the
surface of the Earth. In 1946, Reginald Aldworth Daly of Harvard University challenged Darwin's explanation,
adjusting it to postulate that the creation of the Moon was caused by an impact rather than centrifugal
[7]
forces. Little attention was paid to Professor Daly's challenge until a conference on satellites in 1974, during
which the idea was reintroduced and later published and discussed in Icarus in 1975 by Drs. William K.
Hartmann and Donald R. Davis. Their models suggested that, at the end of the planet formation period, several
satellite-sized bodies had formed that could collide with the planets or be captured. They proposed that one of
these objects may have collided with the Earth, ejecting refractory, volatile-poor dust that could coalesce to form
[8]
the Moon. This collision could potentially explain the unique geological and geochemical properties of the Moon.
A similar approach was taken by Canadian astronomer Alastair G. W. Cameron and American
astronomer William R. Ward, who suggested that the Moon was formed by the tangential impact upon Earth of a
body the size of Mars. It is hypothesized that most of the outer silicates of the colliding body would be vaporized,
whereas a metallic core would not. Hence, most of the collisional material sent into orbit would consist of silicates,
leaving the coalescing Moon deficient in iron since it hit at a glancing blow and didn’t hit head on so the core
where most of the iron and nickel is was undisturbed. Ward even named the offending small planet; Theia.Theia
was the Greek Titan who gave birth to the Moon goddess, Selene.

So, was born The Big Whack Theory.
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All images above dealing with the Origin of the Moon: Google Images

Eclipses One of the coolest astronomical events folks can witness are eclipses. An eclipse is simply when one
celestial object gets in front of and blocks the view of another. For us here on Earth, there are two biggees:
Lunar and Solar eclipses. Lunar eclipses occur when the Earth gets between the sun and the Moon. The Earth’s
shadow then blocks light from getting to the Moon. The other type, solar eclipse, is when the Moon gets
between the Earth and the sun and casts a shadow on the Earth, thereby blocking our view of the sun. Images:
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A Lunar Eclipse
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APOD: http://apod.nasa.gov/apod/ap111215.html
Above is a great montage of 5 different images put together to show the Moon’s path through the Earth’s
shadow during a lunar eclipse. Can you say, “Wow”?

A solar eclipse
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Total Solar Eclipse 1991 – APOD
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Total Solar Eclipse of 1991 July 11
NASA - GOES images courtesy of MrEclipse.com
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http://apod.nasa.gov/apod/ap121115.html
Total solar eclipse
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Annular solar eclipse
Why are there so few eclipses? Our Moon orbits Earth at an angle of about 5o to the ecliptic. SO, that means, as
shown below, that there are only two locations along Earth’s orbit where all three objects – Sun, Earth, Moon –
are all lined up on the same plane. These occur at the north and south positions in the diagram below. At all
other positions, the Moon is either above or below the Sun-Earth plane.
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Phases of the Moon Take a look below.

Note the light side of the Moon does not change relative to the Sun; the side of the Moon facing the Sun is
always bright and the side facing away from the Sun is always dark. So why do we see different things from here
as is witnessed by the top images? Because we are in the middle of that Moon orbit and see the Moon from
different angles all the time. When the Moon is at position ‘E’, we one Earth see a full moon. When the Moon is
at position ‘C’, we see a “quarter moon”, what most folks call a “half moon.”
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Chapter 5 Resources
Powerpoint: http://dtfizzix.com/AstroPPTs.html
DIRECT LINKS: Full PPTX - http://dtfizzix.com/PPTs/Moon-2011.pptx
PDF Format (Smaller) - http://dtfizzix.com/PPTs/Moon-2011.pdf
Narrated Video - http://dtfizzix.com/PPTs/Moon-2011/
Homework:
http://dtfizzix.com/AstroHWSchedule.html

LABS:
Phases
Craters
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