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water rock? water  rock?
core of rock, metal, and
hydrogen compounds
Jupiter Saturn Uranus Neptune
Jupiter Saturn
Diameter = 143,800 km Diameter = 120,540 km
5.2 AU's from Sun 0.5 AU from Sun
Year = 11.9 Earth Yrs Year = 29.5 Earth Yrs
318 Earth Masses 05 Earth Masses

Density = 1.3 gm/cm3 Density = 0.7 gm/cm3
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What are these planets made of?
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A View Into Jupiter and Saturn
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« Compared to the Sun, both Jupiter and Saturn are enhanced in non H/He elements
* “metals” (to an astronomer) or “heavy elements”



Heavy elements: How much
and where are they?

*Knowledge of the H EOS
from 1-10 Mbar limits our
knowledge of Jupiter

The core masses and total
abundances of heavy
elements are our main data
in understanding the
formation of giant planets.

In total...
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Uranus and Neptune

convecting ZObK
H,/He+ices o

0.1 Mbar convecting ices

stably stratified
ices + rocks
8000 K

rocks/
8 Mbar

Uranus Neptune
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Neptune

Giant Planets are Not Static




Voyager:

the first “grand tour”




Galileo Entry
Probe, 1995




Probe Mission
— Probe entry (0/min, 1077 bars, 450 km)
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Ratio to Solar
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Visible (left)
UV emisgion (right & bottom)
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Isolating a single pole

of a magnet is not possible.
According to Maxwell's
equations, there are always
as many field lines going
into an isolating sphere as
the number coming out.

| —

Jupiter Aurora HST - WFPC2

PRC96-32 - ST Scl OPO - October 17, 1996
J. Clarke (University of Michigan) and NASA







While Saturn looks visibly blander than Jupiter,
it has very similar atmospheric structure
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Pressure-Temperature (P-T) profiles from Jupiter to a 3000K M dwarf star



Earth’'s Interior

Eart‘h ' ° Core: hlgheSt

rocky crust denSIty, nleeI
(lower density) and Iron

. * Mantle:

(medium density) mOderate

density; silicon,
oxygen, efc.
foid lihosphers * Crust: lowest

part of mantle) denSIty, granlte,
basalt, etc.

metal core
(highest density)



Radial Density Distribution
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Terrestrial Planet Interiors

Earth Venus Mars Mercury Moon

rocky crust
(lower density)

mantle
(medium density)
metal core . ‘
(highest density) lithosphere lithosphere lithosphere
rigid lithosphere lithosphere
(crust and
art of mantle
P ) Key: crust B nantle T lithosphere B coc

* Applying what we have learned about Earth’s
Interior to other planets tells us what their
interiors are probably like.



Titan: A Model Icy Moon

VO o

he i COTS
""‘“:’wd: in“.go' e
a0 -

-

p
D ™
TATO huimy e ¥

lcy Mant\e
2200 km

Tt cryatanizaton i not PO

2600




density, kg m™

Jupitler

o T rocky
| Saturn m satellites .
Lranus * oo
Neptune o i
Triton
o
B +
Charon  Titania transition  Titan
Ariel ¥ " Callisto
L Diore  Oberon zZone |
3 *
Minda)| - Umbriel . e large icy satellites
Mi E ladus
Tethys lapetus
small
| icy medium-sized )
satellites icy satellites
| 1 1 1 1
0 500 1000 1500 2000 2500 3000
radius, km oE T
30%
IE E
© 20}
Z
SO
10¢
of

Fe




My favorite image of Mars

2005, Opportunity rover heat shield



“No Greenhouse” Temperatures

TABLE 10.2 The Greenhouse Effect on the Terrestrial Worlds

Greenhouse Warming

“No Greenhouse” Actual Average (actual temperature
Average Distance Average Surface Surface minus “no greenhouse”

World from Sun (AU) Reflectivity Temperature* Temperature temperature)
Mercury 0.387 12% 163°%C day: 425°C; —

night: —175°C
Venus 0.723 75% —40°C 470°C 510°C
Earth 1.00 29% —16°C 15°C 317G
Moon 1.00 12% =2 day: 125°C; —

night; —175°C
Mars 1.524 16% —56°C —50°C 6°C

*The “no greenhouse” temperature is calculated by assuming no change to the atmosphere other than lack of greenhouse warming. For

example, Venus has a lower “no greenhouse” temperature than Earth even though it is closer to the Sun, because the high reflectivity of its bright
clouds means that it absorbs less sunlight than Earth.
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