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Accretion disk
field lines

: | {
f & 4 {
% A (
-
e o _ \
o 5.
L 't Y
R ’

Accretion disk

http://www.youtube.com/watch?v=uLMmBjwSGbQ&NR=1



http://www.youtube.com/watch?v=uLMmBjwSGbQ&NR=1
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Crab




neutron star

Solar-mass white dwarf




; Neutron Star Interior I

~ Ironfelectron crust

4x10%
superfluid neutrons
mantle
2x10'7
densi 220,000,000 tons
ensi = S
(kgfmt’b}; superconducting protons S cubic inch

plus superfluid neutrons
core

Limit ~ BSoIgr M

Spin up to 38000 rpm
Mag field: 10'# gauss



How do we know that neutron
stars actually exist?

-irst theorized in the 1930's
First discovered in 1967
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“pulsed” energy every 1.34 seconds
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"pulse” of light
towards earth




MPIfR~-Bonn Pulsar Group




Rapidly rotating neutron star
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PULSAR




What If the iron-core > 3.0M

§ Degeneracy. pressure Is overcome by -
gravity

§ The core continues to shrink
producing NO HEAT.

'8 No force in nature can stop the
collapse




ESCAPE VELOCITY

G = Universal Gravitational Constant
M = Mass of the gravitating body
R = Radius of the gravitating body










EVENT HORIZON

4

Singularity




Physical Properties of Black Holes
EVENT HORIZON

Schwartzschild
w

Singularity

R = Schwartzschild Radius
Size of event horizon depends only on MASS




Examples

M=3M, ° Rs = 9km (5.4 mi)

M=1M, Rg = 3km (1.8 mi)

M=1M,_., Re ~ 1 cm




If we can’t see ‘em, how do

we find.‘em?




Solitary stellar mass black hole




Eesa

www.spacetelescope.org




Eesa

www.spacetelescope.org




Solitary stellar mass black hole




NGC 4291

75000 light-years

Black Hole Mass

2 billign suns

200 million suns

20 million suns
=]

3 million suns

Black hole event horizons

[ —
3000 light-years Diameter of Earth's Orbit
{186 million miles)




Star Clusters




Open Cluster M6




Open Cluster M7
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Open Cluster M38







Globular Cluster M55




Globular Cluster M55




Eesa

www.spacetelescope.org
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Where are Open Clusters found
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) Where are Globular Clusters found




Recall the lifespan of a star depends on its Mass
nit | Evive | Step | Addstars 1] 10] 100

_urraricisity [,_‘L.nlar huarn. |

Temparatune [K]




As Observed from the earth, the distance to.all the stars
within a cluster are |

g

Therefore the differences in brightness are directly related to thes

differences in Luminosity or energy output.

- distance effects are removed




absolute visual magnitude (A4,)
BO AD

arvsn
effective temperature (K)




Open Cluster M7
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HR Diagrams for Various Open Clusters






Eesa

www.spacetelescope.org




L = 4pR?s T4

L o M4

Lifetime of star on MS o 1/ M3 =M?-3

*A low mass star, e.g. 0.1M, lives about 10 trillion years.
A high mass star, e.g. 10M, lives about 10 million years.
«Our sun, e.qg. 1M, lives about 10 billion years.




The History-of Astronomy is a history of the displacement of man from
being the Center of everything

-study of g]obular clustets,-their distribution and
variables contained in them :

-study of variable stars (pulsating) in distant galaxies




<1910 The “galaxy” Is at the center of the Universe

All other structures (nebulae) are just part of our galaxy
- even spiral nebulae were just solar systems

In formation

* Telescope/photographic plates COuld not yet resolve stars
In many of these nebulae




the Milky Way is a

“spiral” galaxy







100 000 Jy
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Ursa Minor
Dwarf Draco
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Milky \Way
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absolute visual magnitude (A4}

AD

3750 7
effective temperature {




As Observed from the earth, the distance to.all the stars
within a cluster are |

g

Therefore the differences in brightness are directly related to thes

differences in Luminosity or energy output.

- distance effects are removed
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1.0 .5
Logarithm of Period




?

Milky Way

§ Harlow Shapley (1915)

§ Globular Clusters
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Globular clusters -
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Shapley's Globular Cluster Distribution
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Harlow Shapley made the bold leap to
assume that the globulars would be
evenly distributed around the central
core of the galaxy |
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) Where are Globular Clusters found










Cepheld Variable in M100
' HST- WFPCE
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