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GIIENSEN AN0lizEeS almostallimaierial.

WIigiFIFEIements condense

‘ooli‘ﬁ '0f the gasiallows condensation of molecules

e erature gradient in the disk
__:? Warmer near sun: silicate rich (rocky) inner planets
** Cooler away from sun: volatile rich (gaseous) outer planets
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SOLAR NEEULA TEMPERATURE GRADIENT
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5 llzates and Siileates, irer compadtids,
ron compatnds - ~ lees and hozen goses.

Inng- disk heated by young Sun,
lcas and gases cannot condense. Mercury
Perticles that condense bere are

mainly sil cates und ron compounds.. _

Vose Earth Mors lupiter  Saturm

Cold auter disk
lces and goses condense hers, o5
well ¢y silicctes end iran compaounds.

FIGURE C¥4.5

Heat fram the young Sun prevented ice from condensing in the innar parts of the Salar Nebula The planetesimals—and
ultimately the planets—that formed there are therelore composed mainly of rock and iron,
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SlIENSENAnolizes almostallimaterial.a

pIGIRIREIEMENTS CONGENnse:
Loy '__Eity collisions cause adhesion of
P:lr"r'c‘ oS

—i] Jecess preduces fewer numbers of larger bodies:
— == mm =1 cm > 1 km, in ~10°years, at1 AU
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-~ (this happens slower at greater distances from the sun)
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Interple jetanyADust Fartici

They stick together because they are “fluffy”
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OlIEpsE Vanorizesialmostiallimaterial.
IIIIRIREIEMENISICONTENSE
IGWEVACOllisions > Adhesionofi Particles

Gliavity takes over & Planetesimals form

e V\hienithe collision process creates larger aggregates,
- .:: fgrawtatlonal forces begin to dominate accretion

— 1km > 1000 km, with M ~ 0.01M

- & Runaway Growth Process: larger bodies accrete faster
than smaller bodies
e Bytimet~ 10°years, few hundred protoplanets in the
Terrestrial Zone

= earth
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NglEIRelementsicondenser
IGWAVIGollisions)=> Adhesionof Particles
eravity/takes over & Planetesimals form

. Pk ’fesnmals accrete to form planets

= ~'”As planetesimals become larger, impacts become
+"—'1f:li_ rarer and more violent

* Protoplanets are heated by collisions
= (differentiation
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ACCrEtonary DISKS
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atellite FoMation: -
- CapturediSatellites™

MIONES B DEIMoes (IViars)™

SOIMEN0NtHE outer
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-~ CatastroptiiciCollision™

Formation of Earth’s moon by
collision with a Mars-size object

Happened after Earth differentiated



*-‘..-_:

> — —
SatelliieFormal on’w;

ASieroidlBe
Cifz vlrf naI pPerturbations prevent the asteroids from
LGOIl g \into'a planet.

Q;Lj aplanets have perturbed many icy
=== aﬂeteS|maIs to the edge of the Solar System
_:-: = Kwper Belt (source of short period comets)
~— Oort Cloud (long period comets)
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SMICIES thiat Were unable to form a Satellite
SAalliteiBreakup
BDUe toitidaliforces
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Pradicted

Act_ual Distance

Mercusy 0.4 0.39
BEs - (044103 0.7 0.72
Zhne 044203 1.0 1.00
SWars [04+44.03 1.6 1,52

Asieroids  [0.4+8-03 28 2.77

= -J_uplie'r 0.4+16-0.3 5.2 5.20
Saturn 0.4+32-0.3 10.0 9.54
Uranus 0.4+64-0.3 19.6 19.19
Neptune 0.4 +128-0.3 38.8 30.07
Pluto 39.4




