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I elucidate the quantization of particle trajectories 
in the strong gravitational fields of black hole

Qualitative quantization of particle trajectories in the qualitative quantization 
of hydrogen atom by Niels Borh (old quantum mechanics) gravitational fields 
of black holes may be done by the relativistic generalization of the Niels Borh
electron orbits in hydrogen  atom. 

For the strong calculations of quantum orbits of particles in the gravitational 
fields of black hole it must be used Clein--Gordon equation for scalar particles 
and Dirack equation for spinor-particles. 

Schrödinger’s equation is nonrelativistic and cannot be used for description of 
black hole quantization. 



Niels Bohr model of hydrogen atom  -- old quantum theory I
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Quantization condition:  L=nħ, L − impulse angular momentum, n=1, 2,...

Atom radiation frequency:  ħ nk

Ek, n −
– energies of stationary quantum states;  k, n  – numbers of quantum states, k>n

e
Место для уравнения.



Niels Bohr model of hydrogen atom  -- old quantum theory II

Rotation of electron with mass 0 on circular orbit: 
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Radii of stationary quantum orbits of electron in hydrogen atom:

n
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0
𝟐 n =0.529* 10 n meters , n=1, 2,...

Electron velocity:
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ħ n = n 2.29* 10 meters
sec n 10 − 𝟏𝟔 sec



Luminosity of the accretion disc very near from the Schwarcshild black 
hole (spin a=0), viewed by a distant observer and  multicolored closed 

curves of the particle quantum orbits 

Red star marks the brightest point in the 
accretion disk 
Black spot is the lensed North hemisphere 
of the black hole event horizon horizon
globus.
Multicolored closed curves are the quantum 
orbits of particles very near the black hole 
event horizon at MGс^2. 
These orbits are shmoozed due to the 
quantum uncertainty (Heisenberg's 
indeterminacy principle)



Luminosity of the accretion disc very near from the fast rotating Kerr  
black hole viewed by a distant observer



Spinor particles in the black hole gravitational field

1. The Quantum Model of Spinning Black Holes. V.P.Neznamov, 
S.Yu.Sedov, V.E.Shemarulin. Int.J. Mod. Phys. A (2024) 2450012.
2. Quantum probing of singularities at event horizons of black holes. 
V.P.Neznamov. International Journal of Modern Physics A 36, 2150147 
(2021).
3. Quantum mechanics of stationary states of particles in a space-time of 
classical black holes. M.V.Gorbatenko, V.P.Neznamov. Theor Math Phys 
205, 1492-1526 (2020).
4. Solution of the problem of uniqueness and hermiticity of hamiltonians
for Dirac particles in gravitational fields. M.V. Gorbatenko, V.P. Neznamov. 
Phys.Rev.D82:104056 (2010).Stationary solutions of the Dirac equation in 
the gravitational field of a charged black hole. 
5. V. I. Dokuchaev, Yu. N. Eroshenko, JETP, 117}  72–77 (2013).



Carter-Penrose conformal diagram for rotating black hole

Red curve is a trajectory of massive particle moving 
in the gravitational filed of rotating black 
hole,starting at point A outside the black hole event 
horizon at radius r>r+. There are turning points for 
radial motion in R+ regions. The long living quasi-
stationary quantum states exist in R+ region as 
outside and inside black hole event horizon. 
Neznamov and coathors considered only solutions 
of Dirack equations only outside event horizon.



Scalar and spinor particles in the black hole gravitational field




