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Astronomy News Flash

= Biggest solar flare
ever recorded went
off teday

Sun Is in the midst of
a period of very.
Intense solar activity

Coronal mass
ejection Is net aimed
at Earth (Unlike last
Week's muehiweak
flane)




Basic Paradigm

= | aplace intreduced:in the
1700's: the key elements
of the theory,

= A slowly spinning clouad
collapses and cool to form
the Sunirand a retating disk.
Jfhis retating disk
lliagments to form: the
planets

Key: element: Angular
momentum conservation

Laplace(1749-1827)




Key Solar System
Observational Facts |

Solar system planets are all nearly coplanar and
orbit the Suniin a prograde direction.

Planets occupy most of the stable orbits
Small plangets;, composed mainly of recky

material lie closest to the Sun. Mercury has the
highest density

Gas planets (Jupiter has 90%: H and HE, Saturn
~380%; Neptune and Uranus contain 5-20% H
and He)

Asternolds ocecupy. region hetweeni viars and
Jupiter.. Collisionally evolved pepulation




Key Solar System
Observational Facts Il

Comets: swarms of ice-rich; solid bodies: (10"%-

10"% 1 km size objects isotropically distributed at
~10% AU)

Satellite systems: mini-solar systems around

Jupiter and Saturn
Uniiiermi isotopic composition

Differentiating and meltings all the major planets,
MOeoNS anal many. asteroids

Impact craters;seen on most satellites,, Current
Impact rates can not explain number of craters.

Angular Mementuny Distrbutien




Star Formation

® Molecular clouds: sites of star formation

= Clouds compressed by spiral arms or by
shocks from supernova

= Cloud cores collapse

= pitially coresicani cool but eventually become too
dense to cool

= Angular mementuny consenvation limits collapse
= Fragmentation inte binaries, (moest stars in binaries)

= Central core reaches temperatures, greater: than
millien degrees,and begin terbur Deuterivm

=N ind iremiyoeung star may end collapse phase




Pre-Main Sequence Stars

l;og ;\-{crn-} B | _-‘103- M {_:3111)
= Stars that are still collapsing

= After ~millionryears, PMS enter I Frauri phase
= Broad spectial energy distribution (disk?)
= X-ray emission; lange sunspets; rapid rotatien

mStiengl bipolar outiiowsiseen inimany: PVIS




Proto-stellar disks
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Young Stellar Disks in Infrared
Hubble Space Telescope « NICMOS

PRC99-05a « STScl OPO - D. Padgett (IPAC/Caltech), W. Brandner (IPAC), K. Stapeffeldt (JPL) and NASA




Primitive Solar Nebula

= Based on converting observed solar system;intoe
gas disk (0.02 solar mass disk)

= |nfall stage

= Disk stage

= Evolutien gevermneadl by angularmoementum transport
= [Role off magnetic fields
= Gravitational tergues

= [DUSt grainsicondense In cooling disk
= After 100 -107 years, T Tlauriiwindsi cleangas




Dust Disks

[ ——
Size of Pluto’s Orbit

Warped Disk - Beta Pictoris HST - WFPC2

PRC96-02 - ST Scl OPO - January 17, 1995 - C. Burrows and J. Krist (ST Scl), WFPC2 IDT, NASA

Dust disks seen in infrared: excess above stellar
plackihoay

Corenagraphs have: detected dust disks anound neanby.
stars.

SOome!: stars have much more dust than our Sun

Variatoens Inrdust prepeties




Formation of Solid Bodies

= Grain condensation and growth
= Grains slowly separate from gas in disk

= Growth from 1 cm - 1 kmjiis not understood
= Draglproblem: 1 misize objects, spiral inwards; within 100: i
= Agglomeration growth: grains collide and stick

= Alternative approach: quiescent disk: dust coels ana coagulates
to fiorm planet

= Planetesimals to Planet Embryes
= Gravitatienal focusing|Is; new: Important
= Evelution sensitive to velocities, of planetesimals; in disk

= RUnaway: growith| starisience gravitational focusing Is Impoertant.
Embrye growthr stepsiwhen the planet has acecumulated nearly.
all of the nearby: mass. Needs new material scattered Into)its
accretion zone (ether embryes? Drag?)




Formation of Terrestial
Planets

= Self-limiting nature of
grewthrmay lead to
regularly spaced embryos

= Bombardment phase and
planetary differentiation

" Accumulation and!loss, of
volatiles




Formation of Jovian Planets

Large amounts ofi H and He suggest that Jupiter
and Saturn formed within 107 yr

Gas Instability hypothesis

= Massive disks are unstable to clumping

= Problems: Uranus and Neptune; Differentiation seen in outer planets;
asteroids, etc

Core Instability hypothesis

= [Eirst acerete planetesimals

= Planetesimallaccrete aniatmoesphere from the surroundinglgas nebula.
Accretion rate is rapid ence mass exceeds 10-20 Earth Masses

ITheory predicts gasi giants should only: femm in
QUIEr regions: of selar system.




Planetary Migration

= Planets. interact with
accretion disk. They.
excite waves in the disk
and transfer energy and
angular mementum te the
disk

= Tihis drag force pulls
planet inwards: Rapid
Process: Earthin a
gaseous disk Is draggead
iInwards;in 102 years ﬁ-}

[DOES! IS PreCESS AESIIBY
all-planets? Vultiple
generations; ol planets? Pan in Saturn’s ring




Small Bodies

= Fossils from solar
system formation

= Asteroid belt: Jupiter
strong gravitational pull
prevented the formation of a
planet. Heatealup erbits se

collisions are too) violent
"Quaoar's" Orbit

Comets: Formedlamong QuasRE ory
outer planets gravitationaily
ejecled eutwara

= Kuiper Belt
= Qort Cloud




Origin of Planetary Satellites

Jovian moons

Martian meons (captured
planetesimals)

Earth/lViloon system: giant
Impact medel

= Viarsi size object collides
with: Earthr after it has
differentiated

Ring o material areund
Earthicoagulates to form
Vieen

Explains similarities
petween Earth's crust and
moon




Are Earths Common?

= WWe don't know: how. to; fiorm planets so
hard: to tell.

= How Important I1S:migration? WWhere there
several generations of Jupiters?

= Didl the Sun ferm in an unusual
environment? Al?® suggests the presence
off nearby dying star.




