














Black hole history (I) 

• 1783 : The Reverend John Michell (invisible sphere) 
• 1798,1799 :  P.S. Laplace (Exposition du Systeme du Monde Part II, p. 

305, Allgemeine Geographifche Ephemeriden, 4, S.1, 1799) 
• 1915 :  K. Schwarzschild  
• 1928 : Ya.I Frenkel (EOS for degenerate electron Fermi-gas with 

arbitrary relativistic degree and typical WD masses) 
• 1930 :  E. Stoner (the upper limit for masses of white dwarfs for 

uniform mass distribution) 
• 1931 :  S. Chandrasekhar (the upper limit for masses of white dwarfs 

for polytrope mass distribution) 
• 1932 :  E. Stoner  (EOS for degenerate electron Fermi-gas with 

arbitrary relativistic degree); Landau (the correct number for the 
upper limit for masses of white dwarfs for polytrope mass distribution) 

     1934, 1935 :  S. Chandrasekhar (the upper limit for masses of white 
dwarfs for arbitrary relativistic degree) 

• 1935 : A.Eddington  (rejections of the upper limit for WDs) 
• 1939 : R.Oppenheimer & G.Volkoff (the upper limit for NSs and the GR 

approach) 
• 1939 : R.Oppenheimer & R.Snyder (the collapse of pressureless stars 

and the GR approach) 



Black hole history (II) 

• 1939: Einstein considered a possibility “to create a field having  

• Schwarzschild  singularity by gravitating masses”; 

•  Einstein (1939):  “The main result of this investigation is a clear 
understanding that Schwarzschild  singularities do not exists in real 
conditions”; 

• 1942: Bergmann:” In reality, mass has no possibility to concentrate 

• by the following way that the  Schwarzschild singular surface would 
be in vacuum” 

• 1958 :  D. Finkelstein & 1960 M.Kruskal (causal structure of 
Schwarzschild metric)  

• 1962 :  R. Feynman “Lectures on gravitation” (“it would be interesting 
to investigate dust collapse” (23 years later OS paper!) 

• 1967 :  J.A. Wheeler: black holes predicted 
to result from “continued gravitational 
collapse of over-compact masses” (the 
birth of the BH concept) 

 

 





Black holes in centers of galaxies 
 

(L.Ho,ApJ 564,120 (2002)) 
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Black  holes in  galaxy centers 

     Many galaxies are assumed 
to have the black holes in 
their centers. 

 

     The black hole masses vary 
from million to dozens of 
billion Solar mass. 

 

      



Seyfert  galaxies  and  K  line 

     Seyfert galaxies give us a 
wonderful possibility of 
direct observations of black 
holes in their centers.      

 

     They often have a wide iron  
K line in their spectra, which 
seems to arise in the 
innermost part of the 
accretion disk close to the 
event horizon.  

 

     Hubble image of Seyfert 
galaxy NGC 4151 shown at 
the left. 

 

      



Fe  K    line  origin 

        
              K    (6.4 keV)    analogous  to  L  in  hydrogen, 
                                          electron transition to the lowest level  
  
                                           
                                          excitation by electronic shock 

 
 
              h > 7.1 keV         neutral iron         
                                            photoionization and recombination 
                               
  
                                   Fe XXV, XXVI – 6.9 keV   hydrogen-like  Fe 
  
 



Emission lines in Seyfert galaxies 

            O VIII    0.653 keV               Fe L       0.7– 0.8 keV 

                   Ne IX      0.915 keV               Ne X      1.02 keV 

                   Fe L        1.03 – 1.25 keV     Mg XI    1.34 keV 

                   Mg XII   1.47 keV                Si XIII   1.85 keV 

                   Si XIV    2.0 keV                  S XIV     2.35 keV 

                   S XV       2.45 keV                S XVI     2.62 keV 

                   Ar XVII  3.10 keV               Ar XVIII 3.30 keV 

 

     

      

Fe I – Fe XVI              6.4 keV 

Fe XVII – Fe XXIII   6.5 keV 

Fe XXV                       6.68 keV 

Fe XXVI                     6.96 keV 

 

  K  

Turner, George, Nandra, Mushotzky 

ApJSS, 113, 23, 1997, November 

 

We find a 6.4 keV emission line in 72% of the sample (18 of 25 sources) at the 99% confidence  level. 

The 5 – 7 keV regime is dominated by emission from neutral iron (< Fe XVI).  


