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More than hundred years of black holes and naked singularities

The name "black hole" is catchy, but misleading. These objects are not "holes", at least not 
empty ones: in fact, it is a large mass gathered in some volume (not necessarily large
density). The escape velocity for these objects is greater than the speed of light! In this sense, 
the previous descriptive name "dark stars" was more exact, but they are not “stars”, either.

The solutions of the equations from which they "popped out" (Schwarzschild, 1916) were 
published almost simultaneously with the Theory of Relativity (1916). They were the solutions 
for a non-rotating black hole, but in the same year the solutions with the electric charge added 
to the description were published by Reissner (1916), for a non-rotating case. Others, like 
Wigner and Nordström (1918) followed, and those, for the sufficiently large charges exhibited 
the objects without event horizon, properly named “naked singularities”.

The next step came only in the 1960s, with solutions for rotating objects: uncharged (Kerr 
1963) and charged (Kerr-Newman, 1965) black holes & naked singularities.

Very fast rotating black holes can become naked singularities and have no charge, which is 
more physically realistic - black holes are difficult to charge electrically, it is generally 
accepted that they should be electrically neutral: timescales of restoring the neutrality by the 
fast movement of the electrons in the plasma (because of large electric fields arising with any 
charge inequality) is much smaller than dynamical timescale of the ions motion. 
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Naked singularities, a competition to black holes

This was also the main reason why these electrically charged solutions, although simple, are 
not better known. They are actually not known to the level that I decided to present them in a 
local astro-amateur journal in north Croatia and also in public presentation there last week as 
old news. The only mention one person attending the lecture knew was in “Interstellar” 
movie. Ironically, in the journal and presentation I was presenting yet unpublished material.
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Reissner-Nordström metric and singularity

They remained as an exercise in 
MTW book and I could not find 
mention in Landau-Lifshitz II 
(maybe added in some edition). I 
performed them on a couple of pages 
for the exercise of Christoffel symbols, 
I recommend them to doctoral students 
to refresh the General Theory of 
Relativity – I suggest to do it on paper, 
without using Maple or similar 
computer packages.

The Reissner-Nordström solutions, 
which are relatively simple, are 
nevertheless useful because they 
are similar to much more 
complicated solutions for rotating 
objects. That's why we started to 
study them in a pseudo-Newtonian 
approach, so that we can run 
simulations faster and do the first 
checks of ideas, which we can then 
study in more detail in relativistic 
simulations, which are more 
demanding, and do not have 
“physical” viscosity and resistivity.
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The first exact solutions in GR

Schwarzschild metric (1916) for nonrotating BHs

Reissner-Nordström metric for nonrotating charged 
BHs,or, if Q>M, naked singularities (1916, 1918)



Pseudo-Newtonian potentials

Paczyński & Wiita (1980), for a non-rotating BH:



8How we see the BHs?

Results of such observations are intrinsically dependent on the model used for the BH. Kerr solutions for a rotating BH 
were used here, but the possibility of naked singularity remained unexplored. 
This is the reason for the recent interest in naked singularities, both from the side of astronomers and simulations people.

There are many GR codes, but if the simulations are to capture the accretion disk, they have to capture also the MRI, so 
full 3D and good resolution are needed=computationally expensive.
Some breakthroughs in the BH accretion disk theory were done by using the PW pseudo-Newtonian potential. Could a 
pseudo-Newtonian potential for RN naked singularity help us? We could perform more simulations, maybe get some 
additional insights...  
[Vlak Uherske Hradište-Katowice.]



PLUTO code and naked singularities

In CAMK  summer program, interns worked with me on numerical simulations of thin accretion disc with 
Paczyński-Wiita and Kluźniak-Lee potentials. It took me no time to introduce the Kluźniak-RN potential. 



NkS in pseudo-Newtonian potential 10



NkS in pseudo-Newtonian potential

There are many such approximations, each good for its purpose-some characteristic distances or surfaces 
are usually represented correctly in such pseudo-potentials.
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NkS in pseudo-Newtonian potential 12



Would naked singularities mimic BHs?



Analytical solutions in GR

In Mishra et al. (2024) it is shown that an observer could see the structure inside a NkS.



Conclusion
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We should make series of simulations of naked singularities and use them as a 
model for creating the observational picture of M87 and Sgr A*.



Thank you!
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