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a estrella?



na estrella?

[wikipedia] UNA ESTRELLA (DEL LATIN: STELLA) ES
UNA ESFERA LUMINOSA DE PLASMA QUE MANTIENE
SU FORMA GRACIAS A SU PROPIA GRAVEDAD.



a estrella?

BOLA DE FUEGO



langulo del fuego

Combustible - GAS (plasma)
Calor ??? (-270.5°C)
Oxigeno ???




estan hechas de gas

¢, Que gas?



estan hechas de gas

sbutano o

¢, Que gas?
propano?
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S estrellas?

., Como se encienden?



¢, Qué tipo de fuego?

¢,De donde viene el oxigeno?
0 ¢ no hace falta?
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Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc.
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ulosas interestelares

- “Pilares de la creacion”

o e tamafo: 5 anos luz
‘ distancia: 7000 afios luz
(5M veces distancia al sol)
se especula que ya no existe
(destruido en explosion supernova hace 6000 afos)
lo sabremos con seguridad dentro de 1000 afios...




BES COLAPSAN
autogravedad)

3x104yr 105yr 1G?yr

2:-:105yr

Stage 1 Stage 2 Stage 3/4 Stage 5




Autogravedad

nube suficientemente grande
siempre termina colapsando (M~r’)
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IGNICION ESPONTANEA
REQUIERE TEMPERATURA ALTA

Earth
Temperatures

-63° -13° 37°
Centigrade
June 1992

Microwave Sky
Temperatures

" .270.4252° -270.4250° -270.4248°
Centigrade

380,000 Years after Big Bang
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IGNICION ESPONTANEA
REQUIERE TEMPERATURA ALTA




2x10° yr

Stage 1

)N estelar

Time
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2005 Pearson Prentice Hall, Inc.




¢, Queé tipo de fuego?

¢,De donde viene el oxigeno?
0 ¢no hace falta?



0 de fuego?

¢,De donde viene el oxigeno?
0 ¢ no hace falta?
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Hydrogen Helium
(H) (He)

E=mc?
(c=300 000 km/s)
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Stellar evolution

Helium core fusion

He fusion
(He = C)

Helium core

( sizes not to scale! )

Hydrogen shell fusion

Hydrogen core fusion dronens bl

Hydrogen core
(H = He)

Thomas Kallinges, Universicy of Bridsh Columbd and Universicy of Viernna



“Triple Alfa”
Requiere una T incluso mucho mayor



tcéetera

" ofits Ilfehme has an
. “onion-like’ structure

just prior to exploding
\. as a supemova

© Bed Giant Star

Cada paso requiere T mayor



Etcétera

HHe : E‘illullsaussu.nr.a star near the end

HE N of its lifetime has an
He C 2Ne “onion-like’ structure
5 %, just prior to exploding
%, as a supemova

Bed Giant Star

"; pﬂeurnl.aﬁlear reactmns
) 5 d 'tmn -rich isotopes

Cada paso requiere T mayor



etapas:
lal + expansion

Red Giant

Equilibrio
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" rojas?

Mercury < Mars < Venus < Earth Earth < Neptune < Uranus < Saturn < Jupiter

Sirius < Pollux < Arcturus < Aldebaran

Jupiter < Wolf 359 < Sun < Sirius

Aldebaran < Rigel < Antares < Betelgeuse
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“Ojo de gato”



Life Cycle of a Star
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las terminan asi?

Life Cycle of a Star
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Massive Star
Red
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Stellar Nebula

MADE IN SPAIN

(IAC 1995)
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“Nebulosa del Cangrejo”
(resto de SN)

Luminosidad > galaxia



S de nuevo...



Etcetera...

zamos de nuevo...

APSAN (autogravedad)

3x10%yr 10% yr 107 yr
2 x 108 yr
Time
Stage 1 Stage 2 Stage 3/4 Stage 5
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¢ Que queda de la estrella original?

Life Cycle of a Star

» — — . —_ ®
White
/' Average
- ! Star Dwarf
) ? Fe Red Giant Planetary Nebula
o d
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o Neutron Star
Stellar Nebula @ > > \
Massive Star ,@
Red Supernova

Supergiant Black Hole

white dwarf

glectrons run out of room
to move around nuclei;
are forced into lowest energy
quantum states

neutron star

soep

$3s's5

protons are forced to absorb
electrons to make neutrons;
neutrons squeezed together

black hole

= gravitational force

N
7N

neutrons completely
collapse




Constituyentes

Building blocks

Materia “normal” Plasma: e libres



nanas blancs

M~1.0M
R ~ 5800 km

sun

V...~ 0.02c

esc

Presion de degeneracion
electronica



Estrella de neutrones

Ordinary matter Electron Baryon
degenerate degenerate

matter matter

Compression

100 million
tons £ cm?

Atomic nuclei _
Electronic arbits nrumiano

Compression

" 1ton/ om?

Presion de degeneracion
de neutrones



Estrella de neutrones

Ordinary matter Electron Baryon
degenerate degenerate

matter maftter

Compression
100 million
tons £ cm?

Compression

"8 There are 3 types of people:

Electronic arbits AFMMIiano

Atomic nuclei

Proton Electron Neutron

Presion de degeneracion . | ..
de neutrones ‘E 3

“I'm Positive" "I'm Negative" "ldon't give a f*ck"
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Agujero negro

Ordinary
Star

Gravity Pulls Down

Nuclear fusion
pushes out

Neutron
Star
(stellar skeleton)

Gravity Pulls Down

Nuetron degeneracy
pushes out

Black Hole

Gravity Pulls Down
Nothing can fight it.
Gravity WINS.
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Radio de Schwarzschild

For 3 solar mass black hole

"Photon sphere”,
orbit of light at "\ _ Event horizon or

13.5 km, 3/2 x the Schwarzschild radius at
event horizon radius. MG

R =
CE

R = 9 km for three solar masses or 9 km for 3 solar
R =3 km for Sun masses.
R =9 mm for Earth's mass




Radio de Schwarzschild

For 3 solar mass black hole

"Photon sphere”,

orbit of light at \ Event horizon or
13.5 km, 3/2 x the Schwarzschild radius at

event horizon radius. 2MG

R =
GE

R =9 km for three solar masses or 9 km for 3 solar
R =3 km for Sun masses.
R =9 mm for Earth's mass
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cun AN absorbe todo?

Black Hole Regions
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- Event -
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¥ Singularity

Si, pero solo lo que esta suficientemente cerca



CYGNUS—XI Black hole






de Hawking




Radiacion de Hawking

Hawi;nng radiati )
Eemperature T

Black hole
event horizon




Hawking




diacion de Hawking




e Hawking

T(Hawking)~0.000001 K vs T(CMB)=2.7K

(evaporacion total tardaria miles de M de afnos)



rmasivos



masivos y

Inner Structure of an Active Galaxy

| | Shock
lo1 ightyears I

Galaxia M87
Jet de longitud: 5000 anos luz



Sagitario A*
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