News and Reminders

Homework 3 is due now

Mid-semester proposal due dates:

- Proposal due: Monday, October 28
- Proposal review: Wednesday, Oct. 30
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At the high pressures and temperatures in planet
Interiors, hard to predict the state of the materials.
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Temperature [1000 K]

Phase diagram of H:

Pressure [Mbar]




Atmospheric composition of

the giant planets

80 - 90% Hydrogen (by volume)
10 - 15% Helium (by volume)

Protosolar| Jupiter Saturn Uranus | Neptune
H 83.5% 89.8% 926.3% 83% 82%
He 16.2% 10.2% 3.2% 15% 15%

But would expect 84% H and 16% He, like the protosolar nebula
(unless some of their cores mixed into the atmospheres, or ingested
planetesimals after forming).



Atmospheric composition of
the giant planets

Jupiter
165-170 K
1bar Molecular H,
Helium poor, Z
Saturn
~ 6,500 K 135-145 K
1-2 Mbar 1bar
Molecular H
Helium poor, 22Out He/H s 137 %
In Jupiter
~_Helium "»“i,'t.jl},' | _6000K VS
W R J,ﬂw,‘,““ 1-2 Mbar y
He/H = 16 % in
Saturn

15,000 — 20,000 K

40 Mbar 8,500-10,000 K

__ Compact/dilluted cores 10 Mbar

composed of heavy elements
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Interior of Jupiter

Models predict a wide
range of core masses
(0 - 30 MEarth)

But is this still the
picture today?

Aurorae Cloud layers (50 km thick)
North polar region
. _ Northnorth temperate zone

Gaseous hydrogen -
ydrog - _ North north temperate belt

Liquid hydrogen y <
i a y g P N _ North-temperate zone
Helium-neon rain North-temperate belt

North tropical zone

North equatorial belt

Metallic hydrogen

Rock &
ice core

Equatorial zone
75— South equatorial belt

Great Red Spot

South tropical zone
South temperate belt
South temperate zone

= South south temperate belt
e - South south temperate zone

=~

South polar region




Interior of Jupiter

Parameter Value

(G* (global parameter) 6.672598 x 1071 £ 2 x 101" m3kg—1s~2
G x Mj® (126686533 & 2) x109m3s~2

M 4 1.89861 x 10%7 kg

Rey© 71492 4+ 4 km

Rpotar© 66854 + 10 km

W 1.7585324 x 10™% +£6 x 1071V g1
0 1326.5 kgm ™

m = 3w?/47Gp 0.083408

q=w’R,/GM; 0.0891954

Jo x 100¢ 14696.572 £+ 0.014

—J, x 10%¢ 586.609 £ 0.004

Jg x 109¢ 34.198 £ 0.009

—Jg x 10%¢ 2.426 £+ 0.025

Jio X 10°¢ 0.172 + 0.069

and I/(MR”2) = 0.276
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Interior of Jupiter

A collision may have left Jupiter with a fuzzy core

Before impact Just after impact Present day

Envelope Enriched
envelope
SOURCE: T. GUILLOT / NATURE NEWS & VIEWS 2019 Liu et al. (2()2()) KNOWABLE MAGAZINE

Mass of the diffuse core is between 10 and 24 Mear



Magnetic Field of Jupiter




Interior of Saturn

Aurorae
North pole hexagon

Cloud layer (125 mi)
Gassy hydrogen |\
Frenkel line
Liquid'hydrogen

2lium rain

allic hydrogen
elium




Interior of Saturn




Magnetic Field of Saturn

Saturn




Interior and Magnetic Field of Uranus

Outer Atmosphere,
the upper cloud layer

Atmosphere
(hydrogen, helium,
methane gases)

Mantle
(water, ammonia,
methane ices)

Core
(silicate/Fe-Ni rock)

Equator North pole

(rotational
- south pole)

Sun

South pole
(rotational 39
north pole)



Interior and Magnetic Field of Neptune

NEPTUNE

Upper atmosphere,
cloud tops

Atmosphere

(hydrogen, helium,
methane gas)

- Mantle

(water, ammonia,
methane ices)

Core
(rock, ice)



Gravitational Moments

A, I/MR* Cy Refs

Body J> J3 J4 Jo dr
(>2107%) (x1079) (x1079) (1075 (x107°)

Mercury 60 + 20 1.0 x 107 00 0.33 1

Venus 4.46 +0.03—1.93 + 0.02 —2.38 £ 0.02 6L 1ORE 73 0.33 1
Earth 1 082.627 L 5sas 10002 —1L6201% 00037021 3.45 x 167% OGS 1
Moon 203.43 4+ 0.09 76x10°% 268 0393 22300
Mars 1960.5+02 315405 —15.5+0.7 457 x 1073 0.429 0.365 1
Jupiter ~ 14696.4 £0.2 —587+2 34 +5 0.089 0.165 0.254 1
Saturn 16290.7 £ 0.3 —936 + 3 86+9 0.151 0.108 0.210 4
Uranus 3343.50.1 —28.94+0.2 0.029 0.114 0.23 1
Neptune 3410 £9 =35z 10 0.026 0.136 0.23 1
Io 1860 + 3 17 %1073 1.08 0378 5588 =4
Europa 436 + 8 5.02 x 107* 087 0346 1315
Ganymede 128 =3 1.91 x 10~* 067 0312 3837
Callisto 3341 3.67x 1075 090 0355 1021
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Size Distribution
Small Planets Are Common

H

typical
uncert.

Number of Planets per Star
(Orbital period < 100 days)

'MI _I Foo
0.7 1.013 1.8 24 3545 6.0 80 120 20.0
Planet Size [Earth radii]

Fulton & Petigura (2018)



