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Star's life: Protre
pressure iy
gravity -<—

1cted

Ocll

MOSTLY ALWAYS

'tle witn gravity

To support weight:
= need high pressure

= need high temperature
= will loose energy

= need energy source:
: Grawtatlonal contraction
- Nuclear fusion

Ultimately,

Can something else than
thermal pressure balance
gravity?



Evolutionary
tracks:

what happens
depends on
mass

log L/Lg
0

X =070
7 = 0.02
4 M, <1 Mg _
ho-g
(=] =
= E-4H'E| 5
¢ 4 -8Mg 'ﬁ
* 8 — 16 Mg e 1
¢ 16 - 32 M, %
| | 1 .
4.5 4

log T,y (K)

T 3.5
Pols et al., 1995,
MNRAS, 274, 964



Open issues

; ff Il }
As it coniracts, the cloud heats, Large, diffuse interstellar gas cloud

flattens, ang_SEin;a éastter. Ié-ecﬂming g sula"r;czurarmrtrat;ts e grani have to form planets IN
a spinning disk of dust and gas un will be born in center
Planets will form in disk. ~ feW MyrS
e 1) how did the gas disk

' ?
Wam;: t:—:.-n;peraésjrea allow gnly dlsperse :
metlalfrock “seeds” lo condense :
in inner solar system. 2) how are planeteSImaIS

1 ._' Cﬂid tgmpgrgtufgg made.? Are d.USt grains
.| allow "seeds” to sufficiently sticky?

contain abundant ice

in outer solar system, 3) what makes chrondrules?

4) How do planetesimals
survive collisions?

Hydrogen and helium remain gaseous,
qul olher materials can condense inlo
solid “seeds” for building planets.

Terrestrial planets are built from

metal and rock. i i ' i
S0l "seeds” collide and stick together. The seeds of jovian 5) What IS Jup|ter S role In,?
Larger ones attract others with their , planets grow large the fate of other planets .
gravity, growing bigger still. . %" lenough o attract .
1 hydrogen and hefium 6) Do giant planets only form
‘-. : == gas, making them into

.=~ glant, mostly gaseous outside frost lines? If so,

L ' : ) lanets: moons form in I -
& --..h — = i“f g e gl how to explain the extra-solar

- that surround the planets. hot Jupiters?

Solar wind blows remaining gas Terrastrial planets remain 7) .
into interstellar space. in inner solar system.  Javian planets remain

/ in outer solar system
. “Leftovers” from the
i formation process
become asteroids

: (metaljrock) and
Not lo scale comets (mostly ice).

. ® g X




Distance
magnitudes
Doppler shift
Gravity & tides

Kepler

Virial Theorem

|deal gas
Degenerate gas

Photon propagation
Black body
Hydrostatic eq.

Radiative transfer

Timescales

Hydrogen fusion

Hydrogen atom

d [pc]=1/xn [arcsec]
m=C—-2.5logf,
AN _ V ad

m,—m,=—2.5log(f,/f,); M—m=5-5logd

275 3, a VvV

GM=Q%*a’= a’: =1
a v

En=—2E,0; Eq=Ewm+Eo==E

2 pot tot kin 2 pot

KT,

GM

m . .
=—2- for circular orbit, v=

GM, M,

GMZ]

[where E and E

potstar >

en. density e= g nkT = % P

potbin —

P=nkT=—F
wmy,

AXAp ~ h;

typical kin. en. per particle <e>:ng ;

E :lp_ioan/S-
F 2 me e 7
_RR

random / C

Mpeak 11T

Pun, E ocn5/30c(p/u)5/3-)RocM_1/3

lp=1lon=1/xp; t
mfp

L=4nR’°c T

dP GM 21 4
=— ;> PcM’IR
dr X r2 *

dT_ 3xp L, . 452 Lmip

_ 5> LocT'R
dr 16672 dnr?’ TR

.

E=mc?;

GM °IR

p-p start withp+p->D+e*+v,;
CNO catalyst, start with “C+p>"N+y

E =-13.6eV/n?
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