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Geophysics

Has lo always How long has Why did rock separate from
had volcanoes? Europa had ice more fully at Ganymede
liquid water? than at Callisto?




Where did the
Galilean Satellites Form?

Why Important?
Ganymede

lo Europa

Planetary Formation

Satellite Systems of the giant planets are local
analogs to Planetary Systems




Four Things to Know About
Satellite Dynamics

1. Tides move Satellites Radially Outward,;
damp eccentricities, but not inclinations

2. Diverging Orbits lead to Resonant Kicks;
Converging Orbits lead to Resonant Trapping

3. Resonant Strengths depend on e,i

4. Precession Splits Resonances



Diverging Orbits: lo & Amalthea

Jupiter

2:1 lo Resonances lo

>
Tides push
lo outward

resonances move with

lo & are much closer
than depicted!
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2 satellites

lo-Amalthea 3:1,
diverging

2. OR7TR

=527
<.2<08
2.5266

Y B
2.5264

0.015

b, Q.01
D R

0.005

0

0.4
0

— 0.
0.

>
N

al

o — T 00

Un

L ]

N~
24

r b

~ )

» WA

0.00398

a5
¢hoehn

0.0039886
0.04001
0.04

N 0.03999
0.03998
0.0389%7

Amalthea

] I I I I ] I I I I

lllllllllllllllll[

pa—
—
-d
-
-
—
—
-
-
-
—
-
-
-

IIIHIIHI]HH]HH]I IIHI]IIIIIHII]IHI IIHIIIH]IH]IH]

llllllllllllllllllllll 1 1l lllll llll llll 1l

- -
- -
- -
- -
.. -
— -
e —
- -
oo -
— -
.o -
.—- e
—
B
—
—
—
B
—
—
—
-
—

IIHII]IIII]IHIIHHI | ] ITT ] I ] I

—
-

llllllllllllllllllllll

.;:)
(M |

<108 109



2 satellites

lo-Amalthea 3:1,
diverging

2. OR7TR

=527
<.2<08
2.5266

Y B
2.5264

0.015

b, Q.01
D R

0.005

0

0.4
0

— 0.
0.

>
N

al

o — T 00

Un

L ]

N~
24

r b

~ )

» WA

0.00398

a5
¢hoehn

0.0039886
0.04001
0.04

N 0.03999
0.03998
0.0389%7

Amalthea

] I I I I ] I I I I

lllllllllllllllll[

pa—
—
-d
-
-
—
—
-
-
-
—
-
-
-

IIIHIIHI]HH]HH]I IIHI]IIIIIHII]IHI IIHIIIH]IH]IH]

llllllllllllllllllllll 1 1l lllll llll llll 1l

- -
- -
- -
- -
.. -
— -
e —
- -
oo -
— -
.o -
.—- e
—
B
—
—
—
B
—
—
—
-
—

IIHII]IIII]IHIIHHI | ] ITT ] I ] I

—
-

llllllllllllllllllllll

.;:)
(M |

<108 109



2 satellites

2. OR7TR

=527
<.2<08
2.5266

Y B
2.5264

0.015

v 001
0.005

0

0.4

0.3

al

| | | | I | | | |

Amalthea

lllllllllllllllll

p—
-
—
-
—
-
-
-
-
-
-
-
-
—

lo-Amalthea 3:1,
diverging

>
=t U «

0.1

5 28

L

N~

0.ad

)
Ny

0.00399
%5.003988
0.003588
0.04001
0.04

N 0.03998
0.0399B
0.03897

ae
(9]

n

llllllllulllllllllll l 1l lllll llll llll |

llllllllllll

lllllllllll

IIHII]IHI]HIIIIHII | ] ITT ] ITT ] I ]II I] I l]l Il '[TTTT['ITITIT[TTITTTT‘[T IIIHIHIIIHH]IHI IIHIIIH]HI]IHI
Y -

—
-
—

lhllllllﬂlllllhllll

0 5x1089 107



2 satellites

lo gives
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New Moons P4 and P5 just Discovered
Orbiting Pluto!

WL 1.




The 4 small moons are evenly spaced

P5 i1s near Charon’s 1:3 resonance

Nix s near -4 These resonances hint at
P4  isnear 1:5 how the system formed.
Hydra is near 1:6

Charon



Saturn’s Phoebe Ring
Discovered in 2009

T Verbiscer, Skrutskie, Hamilton 2009.
Dust Ring Saturn’s Largest Ring, Nature.




Ring Extent
> 250 Rs

300 Rs
]

Raw WISE Image, 22 microns



Radial Structure of the Phoebe Ring
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Interactions w/ Titan

Phoebe’s Apocenter -
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Now add
Poynting-
Robertson
Drag




_Power Law: 4—100 um’

Power Index: .
Power Index: Big Dust

Power Index: ¢
Power Index: o
Power Index: Small Dust

Only Steep Power
Laws (4,5,6) fit
well

.
=
e

o]}
=
o

Fill in with
Bigger
Particles?

100 200
Y (Saturn Radii)




2nd-Year Projects

Galilean Satellites
(Dr. Katie Philpott)

Phoebe Ring Pluto




2nd-Year Projects, continued

Planetary Rings

(Dr. Daniel Jontof-Hutter) ~ ranian Satellites
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