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Some historical remarks
John Michell (1784): Phil. Trans. Roy. Soc. Lond. 
LXXIV, 35
 If there should really exist in nature any bodies 
whose density is not less than that of the sun, and 
whose diameters are more than 500 times the diameter 
of the sun, since their light could not arrive at us … we 
could have no information from sight; yet if any other 
luminous bodies should happen to revolve about them, 
we might still perhaps from the motions of these 
revolving bodies infer the existence of the central ones 
…

Pierre S. Laplace (1796): “Exposition du Systēme du Monde”
 … the attractive force of a heavenly body could be so large that light could 
not flow out of it.                                             (W. Israel, in “300 Years of Gravitation”)



... there is no cause in the quantum theory that 
could prevent collapse of a body of the mass 
M > M0 in a point …

Limiting mass: 
 white dwarfs ≈ 1.4 MS, neutron stars ≈ 2 MS

On the maximum mass

S. Eddington (1935): “Relativistic degeneracy”, 
Observatory 58, 37

W. Baade & F. Zwicky (1934): “On supernovae; Cosmic 
rays from supernovae”, Proc. Nat. Acad. Sci. 20, 254

J. R. Oppenheimer & H. Snyder (1939): “On continued 
gravitational contraction”, Phys. Rev. 56, 455

S. Chandrasekhar (1931): “The maximum mass of ideal white 
dwarfs”, Astrophysical Journal 74, 81





ü Super-massive black holes (~ 106 – 109 MS)
In cores of most galaxies (including the Milky Way) 
Prime movers of Active Galactic Nuclei

ü Intermediate black holes (~ 103 MS)
Possibly in collapsed cores of stellar clusters

Rg = GMBH/c2 

    ≅ 1.5 × 105 (MBH/MS) cm



[1]  rotating (Kerr) black hole



Plunging region

Plunging region







Strongly Magnetized Kerr-Newman (MKN) black hole:



Strongly Magnetized Kerr-Newman (MKN) black hole:









[2]  gaseous accretion flow

ü Standard accretion disk?   
… succesful, but cannot account for rich phenomenology

ü Variability on different time-scales?
  … QPOs, QPEs, … 

ü   Hard X-ray spectra?
… hot optically thin corona

ü  Jets and outflows? 
ü      … B-field vs. spin direction



[3]  the initial magnetic field (weak)

(Wald 1974) 





(Bičák & Janiš 1985) 



The initial magnetic field

(Karas & Kopáček 2009) 



The initial magnetic field

(Karas & Dovčiak 2000) 



Escape in oblique configuration



Below the Innermost Stable Circular Orbit (ISSO)

Plunge from an unstable spherical orbit





Kopáček & Karas, ApJ (2020, 2024)

Terminal velocity of accelerated particles



Combining magnetic fields and matter





Komissarov 
(2005)



Accretion vs. jet launching

3D GRMHD

Kerr metric

Bondi-type (low 
angular mom.)

color: gas rest mass density

black lines: magnetic field

Ressler et al, MNRAS (2021)

Magnetically dominated, β<1, below ~10Rg



Ressler et al, MNRAS (2021)

3D GRMHD

Kerr metric

Bondi-type (low 
angular mom.)

Organized vertical field forms a transient  jet

3D GRMHD

Kerr metric

Bondi-type (low 
angular mom.)

color: gas rest mass density

black lines: magnetic field

Magnetically dominated, β<1, below ~10Rg

Accretion vs. jet launching



Magnetically Arrested Disks (MAD) vs. jet launching

Kwan et al, ApJ (2023)

3D GRMHD 
(HARM)

Kerr metric

Bondi-type (low 
angular mom.)

color: gas rest mass density

black lines: magnetic field



Liska et al, ApJ (2022)
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Kwan et al, ApJL (2023)

MAD 
threshold

Accretion rate, magnetic flux, efficiency

Curd & Narayan, MNRAS (2023)

HARM 
GRMHD

Koral 
GRRMHD

==> Lančová, et al.



Comisso & Asenjo, 
Phys. Rev. D 103, 023014 (2021)



Comisso & Asenjo, 
Phys. Rev. D 103, 023014 (2021)



Equatorial outflow

Sapountzis, Karas, Janiuk et al. (2021)

ü 2D GRMHD (HARM) ü Initialized with Wald field

James, Janiuk, Karas (2024)



Thank you!



Discussion slides



Electromagnetic 
formation of jets

For a quasar jet:

B ~ 104 G; 
U ~1020 V 
I ~ 1018 A
P ~ 1038 W

Blandford & Znajek



Matsumoto  ==> Nathanail, et al. 



Equatorial outflow ü 3D GRMHD (HARM) ü Initialized with Wald field

a = 0.99

James, Janiuk, Karas (2024)


