Formation and Evolution of the Solar System
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Solar Nebula - Composition



Nebular Model

Planets gradually form

out of the rotating disk Beyond ;he fros;cllmg , iIces
of gas & dust can condense, allowing more
massive planets to form

Refractories
(rock,
metal)

volatiles
(ices & gas)
and
refractories



Two possible sequences of
formation of terrestrial (rocky)
planets:

Merge homogeneous collection
of planetesimals, then
differentiate

Form planets while
condensation is still happening

Tahle 5-3 The Condensation Sequence

Planet
(Estimated
Temperature Temperature of
(K) Condensate Formation; K)
1500 Metal oxides Mercury (1400)
1300 Metallic iron
and nickel
1200 Silicates
1000 Feldspars Venus (900)
680 Troilite (FeS) Earth (600)
Mars (450)
175 HO ice Jovian (175)
150 Ammonia—water ice
120 Methane-water ice
65 Argon-neon ice Pluto (65)

Two Models of Planet Building

The first
[ planetesimals
ontain mostly metals.

Planetesimals
contain both rock
and metal.

Later the
planetesimals
ontain mostly rock.

A planet grows slowly
from the uniform
particles.

A rock mantle forms
' around the iron core.

The resulting planet
is of uniform
composition.

Heat from rapid
formation can melt

Heat from radioactive
decay causes
differentiation.

The resulting planet
has a metal core and
ow-density crust.

The resulting planet
has a metal core and
low-density crust.



TWO PLANET FORMATION SCENARIOS

Accretion model

Central'star

Dust disk

Orbiting dust grains accrete
into "planetesimals" through
nongravitational forces.

Planetesimals grow, moving in
near-coplanar orbits, to form
"planetary embryos."

Gas-giant planets accrete gas
envelopes before disk gas
disappears.

Gas-giant planets scatter or
accrete remaining planetesimals
and embryos.

Gas-collapse model

A protoplanetary disk of gas

and dust forms around a
young star.

Gravitational disk instabilities

form a clump of gas that be-

comes a self-gravitating planet.

»Gas giant
e

-~
o "
. siab b,
& \,
. »
S

Dust grains coagulate and
sediment to the center of the
protoplanet, forming a core.

The planet sweeps out a wide

gap as it continues to feed on
gas in the disk.

For Jovians:

e Accrete cores first, then lighter
material

® Rapid catastrophic disk
collapse



Planets, asteroids (minor planets), Kuiper Belt

Obijects (another form of minor planet)

ORBIT OF URANUS

Pluto’s orbit

THE OORT COMET CLOUD

e
o cabjects



The History of the Solar System is Written on the Face of the Moon

What Does the Moon Tell Us?
Two views
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Billions of years before the present
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Scattered Kuiper Belt Population
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We will come back to some of these topics when looking more deeply
into asteroids, comets, "exodisks", and the like.



The Zodiacal Light




Real Star & Planet Formation will be Messy!

Simulation & visualization by Matthew Bate, University of Exeter.

http://www.astro.ex.ac.uk/people/mbate/Animations/


http://www.astro.ex.ac.uk/people/mbate/Animations/




