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Image from Astronomy Picture of the Day (http://antwrp.gsfc.nasa.gov/apod/). Courtesy of NASA.
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Thomas Greytak
Note
Pillars of H2 gas and dust in the Eagle Nebula. Near the tip, radiation pressure blows away some of the material revealing stellar nurseries.


Stellar Configurations

e Self gravitating

e Self-consistent solution needed

e Different processes resist collapse
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Planets

e GGravity weak because of small M

e Atomic forces provide balancing pressure
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Image from Astronomy Picture of the Day (http://antwrp.gsfc.nasa.gov/apod/). Courtesy of NASA.
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Thomas Greytak
Note
Jupiter with one of its moons, Io, and the shadow it casts.


Normal Stars

e (GGravitational energy starts process
e Fusion then supplies energy
e Plasma of electrons and nuclei

e Kinetic pressure, P = nkT

e Radiation pressure, P = zu(T), helps and domi-
nates above about 10Mg
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Image from Astronomy Picture of the Day (http://antwrp.gsfc.nasa.gov/apod/). Courtesy of NASA.

S


Thomas Greytak
Note
Betelgeuse, the brightest star in Orion, imaged by the HST. It is an example of a red supergiant nearing the end of its life.


FOUR POSSIBLE END STATES OF STARS

/ DISPERSED GAS

NORMAL \—— DWARF STAR INCREASING

STAR MASS
> NEUTRON STAR

BLACK HOLE
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White Dwarf

e Fusion has stopped

e Collapses to a small size, nuclear spacing ~ 1/100
that of a solid

e Electron degeneracy pressure supports it, P mie nS/3

e White — gray — brown (dead, cold)
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Image from Astronomy Picture of the Day (http://antwrp.gsfc.nasa.gov/apod/). Courtesy of NASA.

=


Thomas Greytak
Note
An HST image of a portion of the globular cluster M4 with several white dwarfs circled.


Assume uniform density of a1 and e~

B = B 4B = 3 Neep = 2Ne Jo (372(Ne/V)) /3

small

V = %WR3 M =~ Noma = (Ne/2)mq = Ne = 2M /mq,

2/3 1.2 2/3 2
B =3(%)°° I <M> 22 Ep=—2G%

Me \ Mg R2
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MRE = 2(97r)2G3
= 0.74 x 10°! kg-m3

Ro o< 1/M1/3  Stable for any M.
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Image from Astronomy Picture of the Day (http://antwrp.gsfc.nasa.gov/apod/). Courtesy of NASA.
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Thomas Greytak
Note
A Chandra x-ray telescope image of Sirius. In this image Sirius B is brighter than Sirius A. A is larger thus has a larger surface area. However, the fact that B is hotter and thus emits more strongly in the x-ray portion of the spectrum makes it the brighter object in the image.


Sirius B: M = 2.1 x 1039 kg

R
observed 5.6 x 10° m
our model 7.1 x 10° m (good)

better model 8.6 x 10° m (= a problem)
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Our model of Sirius B implies
ne = 8.6 x 1029 cm—3

ep = 4.7 x 1077 ergs — 3.4 x 10°K
(Tsurface ~ 2 x 107 K)

But mec? = 8.2 x 10~ ergs = relativity needed
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Homework problem examines extreme relativistic gas

and finds

e Softer equation of state, P mien4/3

e Potential for collapse if M is too large

Chandrasekhar limit (~1935) Mgy, = 1.4M
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Neutron Star

e pT + e~ — n to lower coulomb energy

e Degeneracy pressure of neutrons
MR3 x R%/Gm& = Rg~ 15 km if M = 1.4Mg

e Nuclear forces also contribute to P
e Rotating neutron stars seen as pulsars

e Also subject to stability limit, M ~ 2Mg
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Image from Astronomy Picture of the Day (http://antwrp.gsfc.nasa.gov/apod/). Courtesy of NASA.

=


Thomas Greytak
Note
A supernova remnant in Puppis A. An x-ray image from ROSAT.



STELLAR CONFIGURATIONS

DISPERSED GAS

NORMAL DWARF NEUTRON BLACK
STAR STAR STAR HOLE
<
GAS PRESSURE ELECTRON NEUTRON
(+ RADIATION ) DEGENERACY DEGENERACY
+ NUCLEAR
FORCES

1 g/cm?3 10 g/cm3 1014 g/cm?3
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Image from Astronomy Picture of the Day (http://antwrp.gsfc.nasa.gov/apod/). Courtesy of NASA.
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Thomas Greytak
Note
Accretion disk simulation. The accretion disks around black holes were thought to be less luminous than the star that feeds them due to their small radius. However a rotating black hole may cause the inner ring of gas to brighten significantly.




