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Black Holes in the Universe

Thursday, June 7, 12



Outline of Black Holes lecture
n Black Holes

u Schwarzschild Radius, Photon Sphere, etc.
u Hawking Radiation (a quantum effect)

n Planck Length – Gravitation Meets Quantum Physics
n Black Holes from Stellar Collapse
n Black Hole at the Center of Our Galaxy
n Black Holes at the Centers of Galaxies
n Intermediate Mass Black Holes?
n Evaporating Black Holes?
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EFFECTS OF CURVATURE NEAR A BLACK HOLE

Figure13.6.
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CURVED SPACE 
NEAR A BLACK HOLE
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LIGHT RAYS NEAR A BLACK HOLE

    

                  

E. R. Harrison, Cosmology
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E. R. Harrison, Cosmology
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HAWKING RADIATION
from tiny black holes

Thursday, June 7, 12



F. Shu, The Physical Universe

          

HAWKING RADIATION

          

TBH = 10-7 Msun/M

Tevap = 1062 (Msun/M)3 yr

E. R. Harrison, Cosmology
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The Planck Mass is

The Wedge of Material Reality The Planck Length

The Compton (i.e. quantum) 
wavelength 

equals the Schwarzschild 
radius 

when m = mPl

is the smallest possible length.  
Here h is Planck’s constant
h = 6.626068 × 10-34 m2 kg / s 

= 1.6 × 10-33 cm

= 2.2 × 10-5 g

J. R. Primack, Varenna Lectures 1984
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The 
Cosmic 

Uroboros

Planck Length 10-33 cm

Cosmic Horizon 1029 cm
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from Cosmic Voyage IMAX film, 1995
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BLACK HOLES FROM STELLAR COLLAPSE
If a large number of stars form, about 10% of the mass turns into a small number of stars 
more massive than 8 solar masses.  Such high mass stars are rare, only about 0.2% of all 
stars.  But they are at least 100,000 times as bright as the sun, and they fuse all the 
available fuel in their centers within a few million years.  They then collapse into either 
neutron stars or black holes.  If the black hole is a member of a binary star system, we can 
see its effects.  Sometimes the black hole attracts matter to it from the other star, and as this 
matter (mostly hydrogen) falls into the black hole’s event horizon it is heated tremendously 
and it radiates X-rays, which we can detect.  One of these binary systems, called GRO 
J1655-40, was discovered in 2002 to be moving roughly toward us at about 110 kilometers 
per second.  Such accreting black holes acquire angular momentum from the accreted 
material, so they should be spinning.  Evidence that some black holes spin has been found 
in “quasi-periodic oscillations” of their X-rays at frequencies too high to come from non-
spinning black holes.

Interesting links: Fantasy trip to and around a black hole - http://antwrp.gsfc.nasa.gov/htmltest/rjn_bht.html
See also http://ircamera.as.arizona.edu/NatSci102/lectures/blackhole.htm

X-ray Binaries (in yellow) near the Galactic Center 
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BLACK HOLES FROM STELLAR COLLAPSE
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BLACK HOLES FROM 
STELLAR COLLAPSE
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The center of our galaxy
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There’s a supermassive black hole 
at the center of our galaxy…

n Modern large 
telescopes can track 
individual stars at 
galactic center

n Need infrared (to 
penetrate dust)

n Need very good 
resolution -- use 
adaptive optics

Keck, 2 µm Ghez, et al.
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Ghez, et al.
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Ghez, et al.
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Motions of stars 
consistent with 
large, dark 
mass located at 
Sgr A*…

Ghez, et al.
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n The central object at the center of the Milky Way is…
u Very massive (~4 million solar masses).
u Must be very compact (star S0-2 gets within 17 light hours of the center).
u Now seen to flare in X-rays and IR, in the past in Gamma rays.
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BLACK HOLES AT CENTERS OF GALAXIES

The mass of the black holes in galaxy centers is about 
1/1000 the mass of the central spheroid of stars. 
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BLACK HOLES AT CENTERS OF GALAXIES
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INTERMEDIATE MASS BLACK HOLES
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The best candidate for an intermediate-mass black hole. Optical (left) and Chandra x-ray 
(right) images of the M82 galaxy. The arrow points to the location of the ultraluminous x-ray 
source that is likely to be an intermediate-mass black hole. The area covered by the right 
image lies within the rectangle at the center of the left image. The green cross (right image) is 
the galaxy nucleus. CREDIT: LEFT PANEL: SUBARU TELESCOPE, NAO JAPAN; RIGHT 
PANEL: NASA/SAO/CXC 

INTERMEDIATE MASS BLACK HOLES
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Making 
Evaporating 
Black 
Holes?

See “Quantum 
Black Holes” by 
Steve Giddings and 
Bernard Carr in the 
May 2005 Scientific 
American
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Have a Great Summer!
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