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[Pressure] = [Force] / [Area]
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http://www.jpl.nasa.gov/galileo/images/earthmo2.gif
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Tidal Force 3¢ s = FJJ?JEJ[_]J;—;

dF/dR = —2G M poon /R

To Moon

dF' is the differential gravitational force directed along
R, and dR is the diameter of a single solid body or the
separation between two bodies being acted upon by the
tidal forces.

The tidal force of the Sun relative to that of the Moon
is &~ 5/11.
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ftp://seds.lpl.arizona.edu/pub/images/apollo/old/misc/footprint.gif

Fission Theory --- Moon pulled out from a rapidly
rotating proto-Earth. Moon is receding from us.
But lunar samples showed no water in the rocks

g—— ' » Capture Theory --- Moon formed elsewhere,
/r\ but drawn into orbit about the Earth
: But the Moon and Earth’s surface have similar

geochemistries

Cocreation Theory --- Moon and Earth formed
near each other at the same time

But the Moon has less of the denser elements
(e.g., iron) compared to the Earth

, Giant Impact Theory --- young Earth
& struck at an angle by a Mars-sized asteroid.
Earth’s surface layer = orbit = Moon



WHAT IF the Moon Didn’t ExIst?

* Delayed Origins = [i'fj j B m’ e[ S 2k
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Mantle
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Mercury

Earth’s iron coreis
55% of the diameter
of the entire planet, or
17% of its volume...

B ] 1
SRR I

...whereas Mercury’s
iron core is about 75%
of the planet’s diameter,
or 42% of its volume




Messenger [~ 55

2005 Earth flyby

MESSENGER launched from Cape Canaveral Air Force
Station, Fla., on August 3, 2004. It returned to Earth for a
gravity boost on August 2, 2005, then it will fly past
Venus twice, in October 2006 and June 2007. The
spacecraft uses the tug of Venus’ gravity to resize and
rotate its trajectory closer to Mercury’s orbit.

Three Mercury flybys, each followed about two months
later by a course correction maneuver, put MESSENGER
In position to enter Mercury orbit in March 2011. During
the flybys — set for January 2008, October 2008 and
September 2009 — MESSENGER will map nearly the
entire planet in color, image most of the areas unseen by
Mariner 10, and measure the composition of the surface,
atmosphere and magnetosphere. It will be the first new
data from Mercury in more than 30 years — and
invaluable for planning MESSENGER’s yearlong orbital

missian. http://messenger.jhuapl.edu/
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Greenhouse effect

Incoming Radiated
solar radiation out to space

Absorbed in ahnnspllnri . ./
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http://www.tufts.edu/tie/tci/ClimateChange.html



Volcano (Maat Mons 8 km tall)
on Venus by the Magellan
radar, with the coloring based
on the Soviet Venera 13 lander

(1982). Astronomy Picture of the
Day, 28 September 1995



http://antwrp.gsfc.nasa.gov/apod/image/maat_mons.gif
http://antwrp.gsfc.nasa.gov/apod/image/magellan_sc.gif

A glaobal view of Venus by Magellan
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http://solarsystem.nasa.gov/multimedia/gallery/PIA06064.gif
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4 _ polar cap
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http://wapi.isu.edu/Geo_Pgt/Mod09_Mars/marspages/Valles_Marineris.htm
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What happened to Mars?



(¢ Pathfinder lander
%1 Sojourner
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http://marsrovers.jpl.nasa.gov/gallery/press/spirit/20050421a/1114044227_4922-1_dd_rad_456-A462R1.gif




(Jupiter)
o NEEEANEE (71%F B PR ;
AIHROT V- )
o fécﬁ'[?ﬁj»
. (€ reat Red Spot)
75§Fi<lj ITE‘L ng ) —.—Jju[ 3QO ,i’f‘ [JE
//“] [ﬁ Eﬁ%ﬁ:ﬁ : m%‘i*ij‘*ﬁxj%{ I
7@ :

= Tn %f F[ B ﬁeru~n
R

o Lt r,z:inﬁ't‘r‘pkzg R I Jl’lsﬁl :




F B9 5 FJILV‘??%{?] -> Z0nes

-2 belts

a Voyager 1 view

b Voyager 2 view

TS PG TREL S PR S RS ST




Zonal wind patterns
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| B | .
v V
Cool material Warm material

sinking? rising?

To Jupiter’s Centerl Belts and zones are caused by
rising and falling gases.

'Upper
~atmosphere
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http://home.houston.rr.com/gschaeffer/astropix/sat 3-19-04.html



http://www.jpl.nasa.gov/galileo/ganymede/P47971_full.jpg

7 K Elfjffﬁ;l 5= | (Europa)

-

AP R



http://pds.jpl.nasa.gov/planets/jpeg/jup/europa.jpg

T 744 i (Gan

@ 35262 ‘g‘m’ede)

i*f%-r Fl

E\Jfﬁf_ | T TR
EJT@?‘%IJP‘J@W ]g[
CIHTIE

EIN BE"EIJFU ’ ﬁ[’w
i) FIEE: ﬁf
6 3 EJ“\E}BE*{[
B > F=. P‘J@Tﬂ[ B

SN




Callisto Copyright @ 2004 Calvin J. Hamilton
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Encke
Division
Cassini
Division

D Ring
J CRing , w
J B Ring

Moonlets Perturb Saturn's F Ring,

N—

Cassini (2006)



http://www.planetary.org/saturn/images/saturn_rings_b_v1_movie.mpeg

Rings and Shepherd Moons

Pandora

Prometheus

Fring

A ring

\Epc.k:e
F ring and 2 shepherds division

Each moon
~ 50 km

Pandora

Prometheus
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By Voyager 2
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http://saturn.jpl.nasa.gov/home/index.cfm

Enceladus
(D=500 km)
Dione
(D=1120 km lapetus
D=1460 km)




(Uranus)
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e William Herschel
Musician, optician and
astronomer; found
Uranus

e Caroline Herschel,
sister of William,
became one of the
pioneering woman
astronomers in history;
found 2500 nebulae
and 8 comets before
she died at an age of 97




Uranus and rings o

Occultation path s
across Uranus system 3

Unobstructed

star
/ QOuter Middle Inner Inner Middle Quter

ring rings rings rings rings ring
. e " Aatypusosaschin e, »

A B o [Pt o e e !

Uranus g
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L P,
W W -".{

Intensity of starlight —

Figure B-32b
Discovering the Universe, Seventh Edition
i 2006 W, H. Freeman and Company




Miranda --- Uranus’s
moon
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Saturn, Rings and Aurora
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Neptune:
1979

eptune: Neptune:
1999 1989 1999

\1?°

Copynight @ 2004 Pearson Education, publishing as Addeson Wealay

http://www.physast.uga.edu/~jss/1010/ch13/13-14.jpg
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Most asteroids orbit

the Sun in a belt about
X e 1.5 AU wide between the

/Ceres orbits of Mars and Jupiter.

-

T

Earth

HMars-, 4

¥ | '
ea il po L
e L
Tl
-
:

Juno i “Pallas
AN %2 E](ﬂj J ,—:EFI
‘_ R/ [il:l
\wg‘ H Apollo and Icarus
. e ;
supiter asteroids have Earth-

crossing orbits.



Trojan .
asteraid;?ff e

.a'/

St 00 Pl rojan asteroids have
_—the same orbit as

m Jupiter.

Trojan 7
asteroids




Stable Lagrange
points (leading and
trailing)

Some ~1700 Jupiter
Trojans have been
catalogued.

Neptune is known to
have at least one
Trojan asteroid.

Trojan asteroids
M (leading group)

point

Lagrange \\ ;,

22" Trojan asteroids
(trailing group)
Fi:guregﬁ

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




Kirkwood gap --- simple fractions of Jupiter’s
orbital periods = harmonics/resonance

Number of known asteroids

Distance from the Sun (AU)

2

- = = = = Orbit of Earth +======= =
- = = = = Orbit of Mars *=======

Orbital period (Jupiter’

3

r

ita

4

Kirkwood gaps are regions
where there are relatively
few asteroids.

- = Orbit of Jupiter ===

Trojan
asteroids 1

1
2
3

period=1)
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Halley’s comet, first seen on the 24 April 1066,
was considered a bad omen by the Saxons.
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http://nssdc.gsfc.nasa.gov/image/planetary/comet/giotto halley.jpg




DEEP IMPACT

Firet Lok nelde A Comeet - Py SEN0S

4 DEEP IMPACT ;%

Mo\
; ﬁ."-‘lll?

(Temple

PP PP (Impactor)

w= == == Spacecraft Transfer Orbit (from Earth to Tempel 1)

e o 36000

(flyby spacecraft)
500

NASA Deep Space Network K-


http://deepimpact.jpl.nasa.gov/index.html
http://deepimpact.jpl.nasa.gov/gallery/jpg/Anatomy1.jpg
http://deepimpact.jpl.nasa.gov/tech/dsn.html

T=-5min

T ﬁﬁﬁ [tf] 2005/7/4
£ : 15 pm

T=-90s



http://deepimpact.jpl.nasa.gov/gallery/nhvcaxf9000910-PIA02131.html
http://deepimpact.jpl.nasa.gov/gallery/jpg/ITS_PressRelease2.jpg

PROMINENT YEARLY METEOR SHOWERS

Date of Typical
Shower maximum infensity rafe Constellation
Guadrantids Jonuary 3 40 Boditny
Lyrids April 22 15 Lyra
Eta Aquarids May 4 20 Aquariun
Delta Aquarids July 30 0 Aguarius
Porseids August 12 80 Perseus
Orionids Oxctober 21 0 Orion
Taurids Mevember 4 15 Taurus
Leonids Movember 16 15 Loo Major
Geminids December 13 50 Gemring
LUrsids Ducomber 22

Figure 9-27
Discowvering the Universe, Seventh Edition
© 2006 W.H. Freeman and Company




Leonids in 18337

http://star.arm.ac.uk/leonid/Meteor-Shower.jpg
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Sedna

B0O0O-1100 miles
in diameter

Quaoar Pluto Moon Earth
[800 miles) (1400 miles) [2100 miles] [8000 miles)

L SHRERN


http://www.spacetoday.org/images/SolSys/KuiperBelt/Sedna/SednaComparedWithEarth.jpg

UB313  Pluto/Charon /s
3000 km  2300/1200 km A\ FH

Moon N

3500 km.
Earth "Ny . 0
12800 kmNOW




2 arcsec

Keck Telescope image of Eris (2003 UB313,
dwarf planet ¥ = k') and its moon Dysnomia.
The pair had been tentatively nicknamed ""Xena
and Gabrielle" at the time the picture was taken.



. ] Kuiper Belt
The surplus material and plantesimals Pluto's orbit

become the Kuiper disk or Kuiper belt.

THE OUTER PLANETS
AND THE KUPIER DISK Neptune’s orbit

Orbit of Binary
L e Kuipar Belt Object

Plijole . e a e SOOI Y]
J.:.“_’F'." o i L | t, y

— =i

Kuiper Belt and outer ; s
Solar System planetary orbits

(Oort
cloud)

: The Oort Cloud
e (comprising many
PLUTO'S ORBIT billions of comets)

Oovt Clowd cutaway
drawing adagted from
Danald K. Yeaman's
Miwstraton (NASA, JPL)

-100AU  S0AD 0 SDAU 100 AU




Uranus (20 au)
Meptune (30 au)
Pluto (40 Au)

Jupiter (5 au)
Saturn (10 au)

Kuiper belt and Oort cloud region
scattered disk region (becomes spherical beyond about 5,000 Au)

| I | |
100 au 1,000 au 10,000 au 100,000,4u

Asteroid belt

Objects in this diagram are not to scale

The Kuiper belt is the remnant planetary disk
extending beyond Naptune to perhaps >1,000 AU.
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Earth 100 minutes after a G-Sized impact

G impact scar reprojected onto Earth, to scale



Barringer Meteor Crater, Arizona, USA

1927
(Tunguska)
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http://www.space.com/scienceastronomy/leonids_update_011115.html
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