
  

 Black Holes and Active Galactic Nuclei



  

A black hole is a region of spacetime from which gravity 
prevents anything, including light, from escaping. The theory 
of general relativity predicts that a sufficiently compact mass 
will deform space-time to form a black hole. Around a black 
hole, there is a mathematically defined surface called an 
event horizon that marks the point of no return. The hole is 
called "black" because it absorbs all the light that hits the 
horizon.



  

 Evidence for Black Holes in the Real Universe

X-ray binaries are a class of binary stars that are luminous in X-
rays. The X-rays are produced by matter falling from one 
component, called the donor (usually a relatively normal star) to 
the other component, called the accretor, which is compact: a 
white dwarf, neutron star, or black hole. The infalling matter 
releases gravitational potential energy, up to several tenths of 
its rest mass, as X-rays. (Hydrogen fusion releases only about 
0.7 percent of rest mass.)



  

 THE GALACTIC CENTER



  

Sagittarius A* is a 
bright and very 
compact 
astronomical 
radio source at 
the center of the 
Milky Way galaxy,

Sgr A* was 
discovered 
in1974, by 
astronomers 
Bruce Balick and 
Robert Brown 
using the 
baseline 
interferometer of 
the National 
Radio Astronomy 
Observatory.



  

The proper motion of a star is its rate of angular change in position over time, as 
observed from the center of mass of the Solar System ] It is measured in seconds of 
arc per year, arcsec/yr, where 3600 arcseconds equal one degree. This contrasts with 
radial velocity, which is the time rate of change in distance toward or away from the 
viewer, usually measured by Doppler shift of received radiation. The proper motion is 
not entirely "proper" (that is, intrinsic to the star) because it includes a component due 
to the motion of the solar system itself.
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 The galaxy M31 , our 
nearest spiral neighbour



  



  

Water molecules in star-forming regions can 
undergo a population inversion and emit 
radiation at about 22.0 GHz, creating the 
brightest spectral line in the radio universe. 



  



  



  

           Black hole mass function
                   (local Universe)



  

              Accretion onto Black Holes



  



  



  

   Energy release by matter falling onto a compact object, 
such as a neutron star or black hole



  

The black holes in quasars are believed to be surrounded by an 

accretion disk of matter spiraling into the black hole. 
 



  



  

Best-fit blackbody accretion disk spectra to the line-free continuum windows of the 
composite quasar spectrum of Francis et al. (1991). The solid curve shows the 
composite spectrum; the short-dashed curve, a disk model around a Schwarzschild 
hole; and the long-dashed curve, a disk model around a Kerr hole with a = 0.98M. 

Intergalactic 
medium 
absorption



  



  



  



  



  

Seyfert Galaxies: fainter versions of 
quasars



  

Seyfert Is have spectra 
with broad emission lines 
and there are clear point-
like central nuclei in the 
images of the host galaxy.

 In Seyfer  2s,  there is no 
point-like nucleus. The 
spectro show strong HIGH 
IONIZATION POTENTIAL 
emission lines



  

    The Unified Model



  



  

Spectrum in 
polarized light 
showing broad 
lines

 Type II AGN

 Evidence for the Unified Model



  

  The Narrow Line Region



  

      The Seyfert Galaxy NGC 5728

   HST image of area in box

Photoionisation must be caused by AGN itself: hot stars do not 
produce the high-energy photons to excite the highest-ionization 
lines.



  

Normal star-
forming 
galaxies

    Emission-line diagnostic diagrams for identifying 
Type 2 AGN



  

Some accretion discs produce jets of twin, highly collimated, and fast 
outflows that emerge in opposite directions from close to the disc. The 
direction of the jet ejection is determined either by the angular momentum 
axis of the accretion disc or the spin axis of the black hole. 
Rotating black hole as energy source:
The magnetic fields around the accretion disk are dragged by the spin of 
the black hole. The relativistic material is possibly launched by the 
tightening of the field lines (Blandford-Znajek process)
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