Astronomy 353
(Spring 2008)

ASTROPHYSICS:
From Black Holes

to the First Stars
(Lecture 20: Black Holes)

Instructor: Volker Bromm
TA: Jarrett Johnson

The University of Texas at Austin




BH Formation by Stellar Collapse:

The view from afar!
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e Black Hole = “Frozen Star”!




BH Formation by Stellar Collapse:
Taking the plunge!
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* Reach central singularity in split second!




The more general case: Rotating Black Holes
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(here: G=c=1)

a=J/M -> angular momentum
a< M (extreme Kerr BH)

e Ergosphere -> inside, no observer can remain at rest!




Rotating (Kerr) Black Holes: Frame Dragging
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Even a parficle with
a contrary angular momentum
is swept along by the
rotation of the black hole.
EFFECT OF FRAME DRAGGING h

e purely a GR effect!




e How can black holes ever be observed?

o After all, they are invisible by definition!




Black Hole Binaries are Visible in X-rays!
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Cygnus X-1
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Cygnus X-1

T & * Black hole
B-star companion

HDE226868

Accretion disk

Mass transfer stream
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 analyze binary motion Mgy > 7 Mg




Cygnus X-1: The Thorne-Hawking Wager
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The Heart of Darkness: Center of the Milky Way

* In optical waveband: heavily obscured by dust!




The Galactic Center in Radio Wavelengths
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_ ~1,000 lightyears
e Radio Map (VLA)




The Galactic Center In the Infrared

* Near IR cameras with adaptive optics (AO)




The Galactic Center In the Infrared

 Map out complete Galactic revolutions of stars!




The Galactic Center: A Supermassive Black Hole

1992 ‘ 10 light days .=

e Estimated mass: ~ 3.6 million solar masses!




Summary:

 More general case: rotating BH = Kerr BH

* Observing real BHSs:




