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MNASA and The Hubble Heritage Team {(STScl/AURA)
Hubble Space Telescope WFPC2 = STScl-PRC01-07




I  Nuvem Molecular x Estrela

8 Dens (cm?3): 10%(~H;) X 102 (~H)
B Temp (K): 10 - 30 X 107
Raio (cm) : 10" X 10%



Gravity ~ M/R?
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Initial Mass Function
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Frotostar Formation

zas clump E

A dense gas clump breaks off
from molecular cloud and collapses
Angular momenium turns the
irregular chump into a rotating dislk

The ceniral region is denser and
forms into a protostar, the nebular
disk forms slower to become a
planctary system. Infalling matter
increases the size of the protostar
by a factor of 100

Infall is stopped when the protostar
begins thermonuclear fusion and
produces a sirong stellar wind
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luminosity (solar units)

0.1
107
1073
1074

107°

3. Surface temperature 2. The protostar shrinks and heals as
rises when radiation gravitational potential energy is
becomes the dominant converted into thermal energy.
mode of energy flow
within the protostar.

1. A protostar assembles from
a collapsing cloud fragment.
It is concealed beneath a
shroud of dusty gas.

4, The fusion rate increases
until it balances the energy
radiated from the slar's surface.

30,000 10,000 6,000 3,000
surface temperature (Kelvin)
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Palomar Observatory Hubble Space Telescope
- Discovery Image Wide Field Planetary Camera 2
"~ October 27, 1994 November 17, 1995

PRC95-48 - ST Scl OPO - November 29, 1995
T. Nakajima and S. Kulkarni (CalTech), S. Durrance and D. Golimowski (JHU), NASA



(1) — Hidrostatico: volume ~ cte

(i) — Térmico — luminosidade ~ cte
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Main-Sequence Stars

Spectral
Type

05
BO
A0
FO
GO
KO
MO

. € 2006 Brooks/Cale - Thomson

Mass
(Sun =

40

15
550
is7
1.1
0.8
0.5

Luminosity
1) (Sun = 1)

405,000
13,000
30
6.4
1.4
0.46
0.08

Years on Main
Sequence

<408
11 X 10°
440 X 106
3 X 107
8 X 10°
177 5% 1l
56 X 10°



Mass-Luminosity relation on
the main sequence

Bright, high-mass stars
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Massa : 2x10°*° Kg ~ 333000 X Mrerra
Raio : 7x10° Km ~ 100 x Riera
Fop: 274 M 52~ 28 X Frema
Lum : 3.9x10* erg s* ~ 10 W
Tempeen: : ~ 14x10° K
Temps, : ~ 5.8x10° K
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high-mass star

1Mg,,, star very low

mass star

Copyright @ Addison Waskay



o J proton
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Nuclear Fusion
B The proton-proton chain /
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HMydrogen-burning

Shell —————

Helium-rich core

Increased 7
radiation 4
pressure

Hydrogen Shell Burning on the Red Giant Branch
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Comparison in size of Sun as a main sequence star
and a red giant

Sun as a main sequence
star :

Sun as a red giant,
R=100R.






Stellar Evolution (o.s-sm)
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: White Dwarf
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Stellar evolution

Helium core fusion

He fusion
(He = C)

( sizes not to scale! )

Hydrogen shell fusion

Hydrogen core fusion kg i

Thomas Kallinger, University of British Columbia and University of Vienna



| Close-up of core region fora 1 M fﬁ;'
radius ~ 1-1.5 Al Asymptotic Giant Branch star

Hydrogen-burning
shell

Helium layer

Helium-burning
shell

Carbon-oxygen core
(no fusion) (not to scale)



nonburning hydrogen
hydrogen fusion
helium fusion

inert carbon fusion
Iron core

.15>)
oxygen fusion

neon fusion
magnesium fusion
silicon fusion




| 1.6 billion kilometers

|
I | About 10,000 km

Hydrogen-tfusing shel

Helium-fusing shell

Carbon-fusing shell

A supergiant star

Neon-fusing shell

Oxygen-fusing shell

Silicon-tusing shell

Central
regions of a
supergiant star

[ron core (no fusion)

Jupiter’s orbit
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NASA and The Hubble Heritage Team (STScl/AURA);
Acknowledgment: Dr. Raghvendra Sahai (JPL) and Dr. Arsen R. Hajian (USNO)
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IC 3568 NGC 6826 NGC 3918

Hubble 5 NGC 7009 NGC 5307

Planetary Nebula Gallery
Hubble Space Telescope * WFPC2

PRCAT-380 + 5T Scl OF0 + December 17, 1997 « H. Bond (5T Scl), B. Balick (University of Washinglon) and NASA,







“Sun’s Post-Main SEne Evolutiona r Track

4,000

Planetary Nebula
stage

SUPERGIANTS (1)

] exposed core remnant
cools rapidly and
contracts to white dwarf
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Birth of a Neutron Star and Supernova Remnant

(not 1o scale)
-’- e B < . >
néutron star

red grant

v V

Core Implosion —» Supernova Explosion —— Supernova Remnant
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Black Hole Companion Star GRO J1655-40
HST -WFPC2

Y
" Relativistic Black Hole
jets
Accretion disk

Companion
Star

MASA, ESA_and F.Mirabel (CEA)










Stellar population model

i l T | L l L ] L 1 I T L I l 1 T L] I L]
_35 | 05 Gyr, 2, Ha H, H,

Illllllll

~4.5

3.2 3.4 3.6 3.8 4 4.2
log A/A

describes the integrated spectral energy distribution of a
“stellar population” as a function of key parameters age,
metallicity, element abundance ratios, star formation history,
initial mass function, ..
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a séquence-ﬁf stellar fux ﬁmfﬂes
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Johnson-Cousins

Y

Strémgren

Ealmer Jump

normalized flux




M _[ambda- ¥

=000 4000 6000 S000 10000
Wavelength (Angstroms)



—
wn
one
-
)
>
-
Q
—
Lo

| O
—
o
Nt
i
Le
>
o
Lo

I I L I 1 I I I I I
- thED
i A4 GES ho
- FE |
I 4000k |
K | MNal
L b"j:"“ , TO  AB183 r::lf|;.|||
i HB NaD A7150 AB195
i | | As892 AB489
Mgb ABD4Z
: Mg+H, | AB175 ABE62
— |
- I G band
I: i 1 r"llrgl"l’[
Fe Call sky
—t K,H
® | | [ 1 | 1 1 I | I I 1 | 1
2000 4000 6000 8000

wavelength (A)

Fig 6.17 (A. Kinney) 'Galaxies in the Universe' Sparke/Gallagher CUP 2007




flux F, (arbitrary units)

Ny

single burst of
formation

T

10 Myr

AIB646
Balmer limit

wavelength (A)
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