
Pseudo-Newtonian Simulations 
With Reissner–Nordström 
Naked Singularity

Miljenko Čemeljić (SGMK KAiNP 
Toruń & CAMK Warsaw) 

&
Włodek Kluźniak (CAMK Warsaw)

POSTER #1058



Naked Singularities
● Solutions of Einstein equations with non-rotating black holes (BH, 

Schwarzschild 1916) and naked singularities (RN NkS, Reissner 1916, 
Nordström 1918) are not new,  they were found more than 100 years ago, 
at the very beginning of the general relativity theory (1916).

● The first naked singularity solution included the electric charge, but it 
could be some other kind of “charge”. Also, some solutions for fast 
rotating objects are similar to NkS solutions.

● They became interesting again because of Event Horizon Telescope (EHT) 
observations: NkS are the last known possible alternative to BHs for an 
object in the centers of galaxies.



New pseudo-Newtonian potential for  NkS

GR simulations are complicated. Our potential reproduces in Newtonian mechanics 
the location of the zero gravity sphere of RN NkS as a minimum of the potential V(r), 
and also the position of the angular velocity maximum. M is the mass and Q the 
electric charge of the gravitating body in gravitational units. 

● For the dimensionless charge parameter q=Q/M > 1, spacetime is that of a 
spherically symmetric (point-like) NkS, in which all space at r > 0 is accessible to 
observations. 

● There are many such approximations, each good for its purpose-some characteristic 
distances or surfaces are usually represented correctly in such pseudo-potentials. 
One notable example is Paczyński-Wiita potential (see poster #1641 by our student  
Maria Koper).



NkS in pseudo-Newtonian potential with PLUTO code



NkS in pseudo-Newtonian potential with PLUTO codeNkS in pseudo-Newtonian potential with PLUTO code



Summary
● Magnetized solutions with NkS are much easier to investigate with pseudo-

Newtonian potential. We devised such potential for RN NkS and made simulations 
with PLUTO code.

● Our pseudo-Newtonian potential reproduces well the positions of the zero gravity 
sphere and the angular velocity maximum. 

● Series of simulations of naked singularities can be used as a model for creating the 
observational pictures of M87 and Sgr A*.

● See our poster #1058, also the related posters by Ruchi Mishra #1356 and Maria 
Koper #1641
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