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D~ 5 pc D~ 20 — 60 pc D~ 10 — 20 pc D~ 0.05 - 0.2 pc
M~ 50M sun M~ 105 — 108 Msun M~ 10% — 10*Msun M~ 0.3 — 10M sun
ne~1cm 3 n~ 10% cm—3 n > 10% cm—3 n ~ 10* cm—3

Diffuse Clouds [—* GMC — Dark Clouds —* Dense Cores

Win ds“ Cloud-cloud collision Pressure
Density Waves (SN; H II; PN) D~ 0.01 — 0.001 pc
Radiation T~10K
' M < 60 Msun v n~10%—107 cm—3
Massive MS Stars |« Herbig Ae/Be Stars |« Protostars
(Star Clusters)
M > 0.05 Msun
Sunlike Stars [« T Tauri Stars Outflows; HH Objects
Winds; Jets
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Stars are formed in groups out of dense
molecular cloud cores ...

whereas planets are formed,
contemporaneously, In young
circumstellar disks.
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Cosmogony

» Nebular Hypothesis
1755, Immanuel Kant; 1972, Victor Safronov)

Tidal Theory (1917, James Jeans)

p Fission (1951, Louis Jacot)

p Capture (1964. M. M. Woolfson)




Star Formation




FIGURE 15 The spiral
structure of the Milky Way
galaxy as inferred from the
positions of HII regions (clouds
of ionized hydrogen) in the
galaxy. The Sun and solar
system are located at the upper
center, as indicated by the ®
symbol. (Reprinted with kind
permission from Kluwer
Academic Publishers, Forbes
and Shuter, in “Kinematics,
Dynamics, and Structure of the
Milky Way,” p. 221, Fig. 3,
copyright @ 1983.)
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Molecular clumps/ _
clouds/condensations =2 ¢ ;:l Giant Molecular Clouds
n~103% cm3, D~5pc, - T D=20~100 pc
M~ 103 Mg S ; M =10°~10° Mg
Dense molecular cores -"""', p ~ 10~300 cm™3
" T =~ 10~30K

n>10* cm3,D ~0.1 pc,

M - 1-2 M@ http://www.bu.edu/galacticring/outgoing/PressRelease/

At =~ 5~15km™1







Pre-Collapse Black Cloud B68 (visual view) Seeing Through the Pre-Collapse Black Cloud B68
(VLT ANTU + FORS 1) (VLT ANTU + FORS 1 - NTT + SOFI)
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http://dilbert.physast.uga.edu/~derek/ASTR1020/images/Barnard68_vis.jpg
http://dilbert.physast.uga.edu/~derek/ASTR1020/images/Barnard68_IR.jpg
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Virial theorem

/e
So for a cloud on the verge of the gravitational collapse
0. 3 M 4 3GMT iz 2 REERH 2

This is the Jeans mass. If M .4 > M., =2 collapse

Jeans

In reality, thermal pressure + magnetic field + rotation +
turbulence, etc.
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Solar System Overview

Overview of the Solar System
v'Sun at center, 99.9% mass, 2% angular momentum
v'Three types of planets

Inner, small, dense, and rocky (terrestrial)
planets (Mercury, Venus, Earth, Mars)

[ Outer, giant, gas (jovian) planets (Jupiter, Saturn)
O Outermost, icy giant planets (Uranus, Neptune)



v'All planets orbit in the same direction, almost
in a common plane

v'Most planets spin in the same direction as
their orbits, with a large range of inclinations

v Giant planets have many moons; large moons
orbit in the equatorial plane of their planet

v'A swarm of small bodies exist beyond
Neptune (Edgeworth-Kuiper belt)
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http://infinity-imagined.tumblr.com/post/54065841977/the-gravitational-orbit-of-any-moon-planet-star



http://infinity-imagined.tumblr.com/post/54065841977/the-gravitational-orbit-of-any-moon-planet-star

Name

Mercury
Venus
Earth
Mars
Ceres?
Jupiter
Saturn
Uranus
Neptune
Pluto?

Eris (2003 UBs3)?

Semimajor Axis (AU)

0.38710
0.72333
1.00000
[.52366
2.7665
5.20336
9.53707
19.1913
30.0690
39.4817
68.1461

Orbits of the Planets and Dwarf Planets”

Eccentricity

0.205631
0.006773
0.016710
0.093412
0.078375
0.048393
0.054151
0.047168
0.008586
0.248808
0.432439

Inclination (°)

().0000
[.8506
10.5834
[.3053
2.4845
0.7699
[.7692
[ 7.1417
43.7408

Period
(vears)

0.2408
0.6152
1.0000
[.8808
4.601
[1.862
29.457
84.018
164.78
2454
562.95

412000, Epoch: January 1, 2000. '
] poch: January Encyclopedia of the Solar System

"Dwart plauwt.
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Kuiper belt
objects
(KBOs)
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The Kuiper Belt Neptunian
objects
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Pointing to Planet X

<—Pluto

«———  Jupiter

Saturn ——4 L

Uranus = <———Neptune
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Planet Formation




v'Planetesimals (1-100 km) --- building blocks of planets

Growth versus destruction

€ Gravitational interactions — Elliptical orbit

€ Physical collisions 4—'

!

v'If relative velocity small - coalesced

v'If relative velocity large - shattered



Large bodies: stronger grav. to sweep up debris,
resisting shattering, withstanding larger impacts

Terrestrial planets formed by
coalescence of rocky materials.

Giant planets formed cores by collisional
growth as the inner planets

Once the core is large enough - accrete
gas (H, He) + ices

= Runaway growth




Dynamical Friction

+ Gravitational Focussing

. - @

Fast

Slow
s ~@

= Runaway Growth

FIGURE 17 Runaway growth of a few large planetesinmls takes

place due to a combination of dynamical friction (which gives E N Cyc | O p ed iO Of

large planetesimals circular and coplanar orbits), and
gravitational focusing (which increases the chance of a collision S O | qar SYS'I'e[ N

between bodies moving on similar orbits).




Keplerian orbit = outer, slower, smaller shear force
—> accrete from a larger surr. region

Giant planets formed by runaway
accretion of gas and ices.

Supporting evidence: giant planets have excess
heavy elements relative to Sun,
Jupiter, Saturn, Uranus/Neptune = 5, 15, 300

... outer orbits had less gas available for accretion.

Timing is critical
[f collisional build-up too long =» disk dissipated




ACCRETION PHASE POST—-ACCRETION DEBRIS DISKS
cas giant formation —_— ="
errestrial planet formation - — ="
| ice giant formation | — ——?

log time |yr|

Ficure 1. Images of disks at various evolutionary stages scaled to a time line showing our
general understanding of the basic phenomena. Data are courtesy of J. Stauffer and B. Patten
(left panel, Ori 114-426 optically thick “silhouette disk” as imaged with HST/WFPC), Kalas
& Jewitt 1995 (middle panel. 3 Pic as imaged by a ground-based coronagraph), and P. Kalas
(right panel. our own zodiacal dust disk along with a comet, as photographed from Calar Alto).

Hillenbrand (2005)




Young circumstellar disks --- where planets are
formed out of --- are gone in < 10 Myrs
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Haisch, Lada, & Lada (2001)




P Extrasolar planets (exoplanets) ubiquitous
http://www.exoplanet.eu

»So far some 1000s exoplanets found
» Unlike our Solar System, there are many
hot Jupiters = selection biase Super Earths

piterrestrial planets yet to be found with next-
generation instruments, e.g., adaptive optics,
interferometry on large ground-based telescopes, ELTs




T T T T T

log,, Rel?tive Flux
o

|
—
(o0

< Al

_20 L groigreg iging peasl 1 [ I W O O W OA O |

0.1 1 10
Wavelength {microns)

Exoplanets easier to detect at long wavelengths

FIGURE 3  The relative flux of planets compared to the Sun’s
emission as a function of wavelength. Four planets of our
solar system and three extrasolar planets (51 Peg b, 70 Vir b,
and 47 UMa b) are shown. The difference in flux ranges from
107% to 10712 in the optical (< 1 um) and generally improves
toward the infrared (> 1 pm), where the planet’s thermal
emission dominates.

Encyclopedia of Solar System
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