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Thanks to the nice weather, |
guess everyone saw the Moon
on the Mid Autumn Festival.
Perhaps you have heard from
the News that the full Moon on
the holiday was biggest
compared with the Moon saw
on the previous Mid Autumn
Festivals in the last 9 years.
This means that the full Moon
was closer to us this time. You
should not be surprised about
this because | told you in class
that the orbit of the Moon is not
circular. In other words, the
separation between the Earth
and the Moon varies with time.
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http://times.hinet.net/news/20061001/internationality/9924c5e10647.htm
http://www.chron.com/disp/story.mpl/front/4225505.html|

LY

1969 7/20

"That's one small step for (a) man,
one giant leap for mankind."
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THE MOON: VITAL STATISTICS

Distance from Earth
(center to center):

Mass:

Radius:

Average density:

Eccentricity of orbit:

Inclination of lunar equator to orbit:
Inclination of orbit to ecliptic:
Sidereal period:

Synodic period of revolution
(cycle of lunar phases):

Albedo (average):
Escape speed:
Surface gravity (Earth = 1):

Average surface temperatures:

Figure 6-11
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company
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Average: 384,400 km (238,900 mi)
Maximum (apogee): 405,500 km
Minimum (perigee): 363,300 km

0.012 M, (7.35 x 1022kg)
0.272 R, (1738 km or 1079 mij

3340 kg/m?  EE 3LIRAK,
0.055 K g

6.68°

515 B ~ B &k

27.32 days

29.53 days

0.07 3ER R 4+ £0.37
2.4 km/s*&.%}iiail 1 . ka
07 R E AR

Day: 130°C = 266°F = 403 K
Night: -180°C = -292°F = 93K
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note

The albedo of the Moon is much smaller than that of the Earth (and
other planets as you will learn later in this semester). It is because
the Moon has little atmosphere.

Whether the atmospheric gas can be retained on a planet/satellite
depends on two competing factors: one is the surface gravity
described by the so-called escaped velocity, and the other is surface
temperature. In the case of the Moon, the escape velocity is low due
to its low surface gravity. A long time ago the atmospheric gas was
heated by the Sun and moved faster its escape velocity. As a result,
there is little atmosphere on the Moon.
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Earth Side

Figure 6-19
Discovering the Universe, Seventh Edition
©2006 W.H.Freeman and Company

Mare Basalt (XE5)
& (iron)gE(manganese)

It is lava, so it’s heavy.

9006/10/4 e ﬁf@(calcmm)ﬁﬂ(alumlm}m)
It is light.



Mare
Imbrium & !
Surrounding o X QA i
Highlands

A mare is the low
land caused by
an asteroid/comet
impact at a later
time. During the
impact, the
underground lava
emerged to the
surface and
cooled to form
dark basalt rocks.

| Surroundmg I|ght colored terrain:

more craters, so relatively oId

T TRTA ,
i B 4 .
.‘fs‘?nrl'.’§ !

Figure 6 14
Discovering the Universe, Seventh Edition
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~ Rate of Crater Formation

P i _ : : The Moon now

i & __~Hypothetical cratering maximum : . .

j ! has little geological
(the Solar System activity and
was full of asteroids & comets) weak magnet

]
Ei . fields; ie lack of
| | Internal heating.
%
1

Earth is alive,

Rate of formation of impact craters

%,/cfateﬁng of highlands - But Moon is almost
1 dead!
!
5{ Smaller objects
; fmbrium and Drientai_e impacts

cools faster because

Eih Formation of maria smaller volurr_le
IaM Recent craters to surface ratio.
bom ?( (Tycho, Caparnicus)

e = last heavy
.fl 1:1 t2 1E | g bombardment?

Times betore present (in billions of years)
2006/10/4 i 22 - Ao K 9



note

The Moon has been losing internal heat more quickly than the Earth
because its smaller size allows any internal heat to escape very
quickly. This explains why the Moon has not been showing much of
geological activities and preserves the surface features which are
almost 4.6 billion years old.

There should be a small increase in the crater formation rate around
3.5-4 billion years ago on the plot of the previous slide (denoted by the
phrase “last heavy bombardment” on the plot). Astronomers so far do
not exactly know what caused the last heavy bombardment in the
early history of the Solar System.
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radioactive elements S METTE

O some isotopes (4 %) of some elements are not
stable and will transform to a stable daughter element by
emitting fast-moving particles such as an alpha particle
(nucleus of He) or an electron.

O This is a nuclear process and is described by statistics
in terms of half-life t,, ¥ 3% #3.

O fast-moving particles from radioactive elements
provide heating. One of the main factors gives rise to
differentiation of the interior of an asteroid, a satellite,
and a planet. In an old planet like Earth, long-lived
radioactive elements such as uranium 44238 (t,,=4.5Gyrs),
thorium 4:232 (t,,=14Gyrs), and potassium $740
(t,,=1.2Gyrs), are mostly responsible for the internal
heating.

O can be used for dating a rock, but if the rock is re-
melted, its radioactive clock is reset.

2006/10/4 =hhE BE - A% - K
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Radioactive dating: Clock within Atoms

lljslseages " Uranium ¥ Lead
LR 1.0kg

Half life
(“PEH)

Note that

the oldest

rock on earth

is about 4.4
billion years old,
which is younger
than the rocks
found in highlandg 0-125 kg |-

0.5 kg |-

0.25 kg |-

Amount of matter

of the Moon (4.6 0 kg
billion years). 0 4.5 9.0 13.5

Time (Byr)

Unnumbered Figure pg 107
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company
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Earth side

& far side

ARG A
> BB
= EE

Light from Sun

Moon's orbit

Light from Sun

Light from Sun

At all points in the orbit,
the red crater is visible
from Earth but the blue

crater is not

Earth/nea
side

Figure 6-25
Discovering the Universe, Seventh Edition
©2006 W.H.Freeman and Company
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Figure 6-11 part 2
Discovering the Universe, Seventh Edition
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Phases of the Moon (

Waxing
crescent

. moon
First

quarter

Moon'’s orbit moon

Waxing
gibbous
moon

Full \&
moon

E(#/]15)

quarter

gibbous moon

moon

Figure 1-23
Discovering the Universe, Seventh Edition
© 2006 W. H.Freeman and Company
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dereal(27.3days) & Sgglc Month(29.5days)

S
}

To same distant constellation
| Sidereal month:
NGB =
27,3k

Earth’s orbit

Sun | 3. After one sidereal month, the
moon is located here. As seen
from Earth, it again appears to
be in the direction of the same

2.As seen from Earth,

when the Moon is at Synodic month:

point 1 it appears to be : AHEE H
in the same direction as a constellation. ESS
certain constellation. 29.5°K

1. At new moon, the
Moon lies between the New %E

Sun and the Earth. New moon _. . H30%
N !moon / _,\ /JNR29K

4, After one synodic month, the Moon is again
new and lies between the Sun and the Earth.

Figure 1-25
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company
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Conditions for Eclipses

Eclipse can occur Full Mpon

Lineof 4% Earth’s orbit

nodes
New Moon

No
eclipse

P possible

. New Moon

New Moon

_ / New Moon /

Full Moon

No
eclipse
Full Moon Line of nodes possible

Eclipse
can occur

Figure 1-26
Discovering the Universe, Seventh Edition
© 2006 W. H. Freeman and Company
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&

Lunar Eclipse He
| Moon = e .. e Pe'num‘brﬁa :
j— To penumbral eclipse T \
Penumbra ¥ ol | =

To total eclipse

Umbra 2%

To partial eclipse

Figure 1-27
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company
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Umbra £5£& Penumbras:gs

http://www.learner.org/channel/workshops/sheddinglight/highlights/highlights1.html

2006/10/4 2hhE BEE - H5E - KB
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Lunar eclipse

http://antwrp.gsfc.nasa.gov/apod/ap031107.html

Total €clipse November 8-9,
of the Moon 2003

carth's Umbra

The Moon does not appear
completely invisible as it
crosses Earth’s'Umbra. It
is because the Earth’s
atmosphere acts like a lens
focusing the sunlight onto
the Moon.

€arth's Penumbra

o 2003 L::-.rrlTl Hoehn

2006/10/4 HihE - 22 - HE - K5 19



Solar Ecllpse H gt

' Ecﬁbse
path

Figure 1-30
Discovering the Universe, Seventh Edition
© 2006 W. H. Freeman and Company
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Solar eclipse

Total Solar Eclipse of 1999 August 11

Pay attention
to solar
corona (H#&)
when

the sunis
totally
blocked

by the Moon.

Solar corona
is the
outermost
part of Sun’s
atmosphere

2006/10/4 21



Solar eclipse

http://www.flycapers.com/tours/voyages/2006/2006Eclipse/eclipse.html

Central
duration
m S

2006/10/4 2ihE  BEE - R - KB
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Crater '; i formation

FaANK

Meteoroid Ejectablanket “€condary
(% . craters
Ejecta

Crater wall
b

c d
Figure 6-12

Discovering the Universe, Seventh Edition

© 2006 W.H.Freeman and Company
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Some Craters on Earth

« Arizona: A EFHij, 200m
« Gulf of Mexico: 6500&2Hij, 10km

« Siberia: 1908 A.D., no crater??
(exploding before hitting the
ground ), 70m , SRR

o  BIRERFEHHEI? 1-284FHij, 10-20m (ChMTE)
o TEHIEEE? 2000E 4R, 500m Y

2006/10/4 ST
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Origin of the Moon

AR "R, R&&H TR,  ARPREKFLERR
* Its density is smaller than the Earth

» lack of volatiles #&##4 'g (element or
compounds with low melting/boiling
temperatures & water)

* same oxygen isotope ratios
* too big to be captured

-> collision+ejection model
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Moon Formation

2006/10/4




Tidal force (7% /)

Sl R R TS R R (R R o (R )
HEREE > —KRAERXEHRXIEH
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Ellipse

Major axis

e & eccentricity BE({R) [»=R

Minor axis

N |
\/ |

e=0 e=0.66 e=0.87 e=0.96 e=0.999

Discovering the Universe, Seventh Edition
200 © 2006 W.H.Freeman and Company




Moonquake HE

The Earth lies at one of the focus of the elliptical orbit of the Moon.
elliptical orbit (eccentricity =0.055 >0) >
separation varies - distortion - internal heating > moonquake

The elliptical shape of the orbit shown here is
exaggerated for a better viewing effect.
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Galactic tide E RRIEIW{EH

IC2163

& o & it ;
- W i X
. Pl s,
: "":.-‘“" .

— Stars and gas pulled out of IC 2163
by tidal forces from NGC 2207

 NGC2207

2006/10/4 Z2hhE 2R - AR - KX 31



Spring (K#

1) & (/|\#H) Neap Tides

2006/10/4
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Outcome of tidal interactions

O You can regard tidal interactions as a friction force (such
as the friction between ocean water and sea floor) that slows
things down (remark: not exactly, but this explanation is
easier for beginners)

O The Moon is already tidally locked by Earth: we can only
see one side of the Moon now.

OO0 However, the Earth is not yet tidally locked by the Moon;
i.e. an observer on the Moon can see different parts of the
Earth at different times (not just one face all the time). As a
result, the rotation of the Earth is being slowed down by the
tides excided by the Moon. This means that the days are
getting longer and longer. Meanwhile, the Moon is slowly
moving away from us! (does it sound terrible to you that
gravity in this case actually pushes two things apart?)
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Lunar Ranging

The Apollo missions did not just bring rock
samples back to earth, but also installed a mirror on
the Moon to reflect the laser emitted from the Earth.
So astronomers can estimate the distance by timing
the laser traveling time. The result is....

The Moon is moving away from us
at a rate 3.8 cm/sec!

Figure 6-28
Discovering the Universe, Seventh Edition
© 2006 W. H.Freeman and Company
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2006 countdown: B @

Due to the fact that the

Moon’s tides slow
down the rotation of the
Earth, we have to add
one second last year to
account for the correct
length of a day!

www.boggy.idv.tw
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summary

- ABHEBAKEBR A ERTAES?

- AHBAKAAEARARA?

« BT ARG R RBIK?

- ARG BABILLARK L) ?

« dwfTIERE LW FE T

c AHBEoR B ERFRER?

- AHEBARLER(B)HERLEAR(SH)HERH L F&8°7
- AHEMEEIEREYH ELLARLERENEAFR?

- HBHEABBEARNYE » W BEREPEENN ?

- BAHBA SR T E% 25 ¥ 08 E e 684K (penunbra) ?
s BHAEBBRI IR —HBAETNETQAORN ? ABTBATRZARE ?
+ ##(spring tide)#AH B EFESE L ?

- ARARECATE ERAKLLEE "E  R?

- AHBEARBUE — @A ZHIK?

- AHBEAKESMKEEL? AHEMK —ROFR¥ K ?

« AH A KT E LR ?
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