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Introduction: This paper is totally based on the mathematical physics 
of the Black holes. In Einstein’s theory of “General Relativity”, 
Schwarzschild solution is the vacuum solutions of the Einstein Field 
Equations that describes the gravity potential from outside the body 
of a spherically symmetric object having zero charge, zero mass and 
zero cosmological constant[1]. It was discovered by Karl Schwarz-
schild in 1916, a little more than a month after the publication of the 
famous GR and the singularity is a point singularity which can be 
best described as a coordinate singularity rather than a real singulari-
ty, however, the drawback of this theory is that it fails to take into 
account the real life scenario of black holes with charge and spin 
angular momentum. The black hole is based on event horizon and 
Schwarzschild radius. However, Physicists were trying to develop a 
metric for the real life scenario of a black hole with a spin angular 
momentum and ultimately the exact solution of a charged rotating 
black hole had been discovered by Roy Kerr in 1965 as the Kerr-
Newman metric[2][3]. The Kerr metric is one of the toughest metric 
in physics and is the extensional generalization to a rotating body of 
the Schwarzschild metric. The metric describes the vacuum geome-
try of space-time around a rotating axially-symmetric black hole with 
a quasipotential event horizon. In Kerr metric there are two event 
horizons (inner and outer), two ergospheres and an ergosurface. The 
most important effect of the Kerr metric is the frame dragging (also 
known as Lense-Thirring Precession) is a distinctive prediction of 
General relativity. The first direct observation of the collision of two 
Kerr Black Holes has been discovered by LIGO in 2016 hence setting 
up a milestone of General Relativity in the history of Physics. Here, 
the Kerr metric has been introduced in the Boyer-Lindquist forms 
and it is derived from the Schwarzschild metric using the Spin-
Coefficient formalism. According to the “Cosmic Censorship Hypo-
thesis”, a naked singularity cannot exist in nature as nature always 
hides the singularity via an event horizon. I will not go in detail about 
the contradiction of ‘Chronology Protection Conjecture” [4] whether 
the Stress-Energy-Momentum Tensor can violate the ANEC (Aver-
age Null Energy Conditions) or not with the values of less than zero 
or greater than, equal to zero, instead I will focus definitely on the 
creation of the mathematical formulation of a wormhole from a 
Naked Ring Kerr Singularity of a Kerr Black Hole without any event 
horizon or ergosphere. Another important thing to mention in this 

paper is that I have taken the time to be imaginary[5] as because, a 
singularity being an eternal point of time can only be smoothen out if 
the time is imaginary rather than real which will allow the particle or 
null rays inside a wormhole to cross the singularity and making en-
trance to the other universe. The final conclusion would be to de-
termine the mass-energy equivalence principle as spin angular mo-
mentum increases with a decrease in BH mass due to the vanishing 
event horizon and ergosphere thereby maintaining the equivalence via 
apparent and absolute masses in relation to spin J along the ortho-
gonal Z axis. A ‘NAKED SINGULARITY’ alters every parameters of 
a BH and to include those parameters along with affine spin coeffi-
cient, it has been proved that without any spin angular momentum 
the generation of wormhole and vanishing of event horizon and sin-
gularity is not possible. 
 
 
Methodology and Interpretation: A sphere should have a critical ra-
dius beyond which it will become so densely packed, considering the 
sphere is not hollow and having some mass, the sphere tends to col-
lapse gravitationally and becomes a black hole. This critical radius 
that the sphere is getting transformed into is called ‘hoop radius’ 
when substituting the ‘ݎ’ of the ‘surface area’ of the sphere with the 
‘Schwarzschild radius’, a gravitationally collapsed BH is formed. 
However, while considering this ‘hoop’ it is not needed to specify 
whether the black hole has charge or spin rather its always been 
spherically symmetric. The ‘hoop operations’ are performed below. 
 
ܴ(௦௣௛௘௥௜௖௔௟ ௛௢௢௣) = ଶெீ

௥௖మ                                                          (1) 
  
Substituting ܴ(௦௣௛௘௥௜௖௔௟ ௛௢௢௣) into ܴ௦

ଶ we get the below equations, 
 

ܴ(௛௢௢௣) = ௦ܴߨ4
ଶ = ߨ4 ቀଶெீ

௥௖మ ቁ
ଶ

= ߨ16 ቆටெீ
௥௖మ

మ ቇ
ସ

                           (2) 

 
 
 
 
Note: The Hoop Conjecture was proposed by KIP Throne in the form of a circle. 
 

Abstract: The existence of the “Naked Singularity" has been shown taking the advantage of the Ring 
Singularity of the Kerr Black Hole and thereby making the way to manipulate the mathematics by 
taking the larger root of Δ as zero and thereby vanishing the ergosphere and event horizon making the 
way for the naked ring singularity which can be easily connected via a cylindrical wormhole and as ‘a 
wormhole is a black hole without an event horizon’ therefore, this cylindrical connection paved the way 
for the Einstein-Rosen Bridge allowing particles or null rays to travel from one universe to another 
ending up in a future directed Cauchy horizon while changing constantly from spatial to temporal and 
again spatial paving the entrance to another Kerr Black hole (which would act as a white hole) in the 
other universes. 
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Here from, to make the metric less messy and for brevity we will 
group certain things into a symbol and that symbolic representations 
would be used to manipulate the final result. Here, the foremost 
thing necessary is to include an ‘݅’ term with ‘ܿ݀ݐ’ to make the time 
imaginary as this will smoothen out the singularity paving the way of 
eternal time to an imaginary time reducing the infinite time dilation 
problem while reaching the singularity. 
  
−݅ଶܿଶ݀ݐଶ = ߬                                                                   (3) 
 
The black hole has a vertical axis of spin that is ‘ݖ’ and ‘ܽ’ is an af-
fine parameter of the spin along ‘ݖ’ axis with the spin term ‘[6] ’ܬmass 
 .’ܿ‘ and speed of light as ’ܯ‘
 
ܽ = ௃

ெ௖
                                                                            (4) 

 
Here we are using the Boyer-Lindquist coordinates[7][8] and the 
standard spherical coordinates used here are ݎ, ,ߠ ߮ and we will use Σ 
as the frame dragging equation although later in this paper will see 
‘ܽ’ has a specific value when the over extreme solution of the metric 
is taken making the larger root of another grouping parameter Δ as 
zero. However, it’s necessary to introduce Σ here as follows, 
 
Σ = ଶݎ + ܽଶݏ݋ܥଶ(5)                                                             ߠ 
 
Now, there are two radiuses, the ‘ℎݏݑ݅݀ܽݎ ݌݋݋ ܴ’ and the 
ܵܿℎܿݏݖݎܽݓℎ݈݅݀ ݎ‘ ݏݑ݅݀ܽݎ’ and grouping them to ′߱′ will lead us to 
the below equation.  
 
߱ = ܴ(௛௢௢௣)(6)                                                                    ݎ 
 
Here comes the most important parameter Δ whose limit when tak-
en to zero will completely vanish the event horizon and ergospheres, I 
mean the two, internal and external event horizons and the ergos-
pheres thereby making a way to proceed in developing a ‘NAKED 
SINGULARITY’ which is essential for any particle travels through the 
singularity as there is no event horizon to break the laws of physics. 
So, two important things could be achieved up to now, 
 

1. Making time imaginary to remove the eternal time while 
reaching singularity. 

2. Removing the event horizon so that a particle can easily 
travel through the singularity without the fear of getting 
trapped inside event horizon. 
 

Taking into account the delta factor in the below equation. 
 
Δ = ଶݎ − ܴ(௛௢௢௣)ݎ + ܽଶ                                                       (7) 
 
Another important parameter is the’ Ξ′ which combines the 
 ,as follows ߠ with the square of Sin ’ܽ ݎ݁ݐ݁݉ܽݎܽ݌ ݊݅݌ݏ ݂݂݁݊݅ܽ‘
 
Ξ = ܽܵ݅݊ଶ(8)                                                                      ߠ 
 
A wormhole is always cylindrical and to take the cylindrical polar 
coordinates vectors ߩො, ො߮ , -we have grouped these terms into Ω yield̂ ݖ
ing the equations as follows, 
 
Ω = (݀࣋̂ + ࣐̂݀ߩ  +  ଶ                                                      (9)(ࢠ̂݀
 
Now, we have almost all the tools to construct the ‘EXTREMAL 
KERR METRIC WITH WORMHOLES’ including an additional fac-
tor of ∮ ( ௔ܶ௕݈௔݈௕).

஼(ுశ) Ω where ܥ(ܪା) is the Cauchy-Horizon where 
future directed null lines would go and if there are particles then this 

Stress-Energy-Momentum tensor ( ௔ܶ௕݈௔݈௕) would be integrated via a 
closed integral over the wormhole coordinate Ω. 
 

݃ = ߬ = ቀ1 − ఠ
Σ

ቁ ߬ +
Σ

Δൗ

୪୧୫Δ→బ.
ଶݎ݀ + Σ݀ߠଶ + ቀݎଶ + ܽଶ + ఠ௔(Ξ)

Σ
ቁ Ξ

௔
݀߮ଶ −

ଶఠ(Ξ)
Σ

√ఛమ

௜మ ݀߶ଶ + ∮ ( ௔ܶ௕݈௔݈௕).
஼(ுశ) Ω                                          (10) 

 
Coming back to the equation grouping Σ, if we consider ݎଶ as ݂ଶ 
and ܽଶݏ݋ܥଶߠ as ݃ଶ, then with no harm, if we assume Σ as (ܵ଴)ଶ 
then the singularity equation satisfies a ring singularity which is a 
circle. 
 
Σ = ଶݎ + ܽଶݏ݋ܥଶߠ ≡ (ܵ଴)ଶ = ݂ଶ + ݃ଶ|௖௜௥௖௟௘                           (11) 
       
Again further analyzing the ring singularity, we get to know the value 
of ‘ݎ’ as zero if we take the value of ߠ as గ

ଶ
. Here two things are 

satisfied as follows, 
 
Firstly, at the beginning of the paper a ‘wick Rotation’ has been 
performed to make ܿଶ݀ݐଶ as – ݅ଶܿଶ݀ݐଶ and now regarding the equa-
tion of the circle we can see that the value of ߠ as గ

ଶ
 making a way 

of the ‘Wick Rotation’ of ܿଶ݀ݐଶ as – ݅ଶܿଶ݀ݐଶ through a గ
ଶ
 Rotational 

Plane also paving the way for the ‘ݎ‘ ݕݐ݅ݎ݈ܽݑ݃݊݅ݏ’ to be zero. 
 
The below equation satisfies the singularity relation as follows[8], 
 

Σ = ଶݎ + ܽଶݏ݋ܥଶߠ ≈ ଶݎ + ܽଶݏ݋ܥଶߠ = 0 ≈ ଶݎ + ܽଶݏ݋ܥଶ ቀగ
ଶ

ቁ => ݎ ≅
0|௦௜௡௚௨௟௔௥௜௧௬                                                                    (12) 
 
Manipulating with the ‘hoop radius’ and taking ܩ = 1, ܿ = 1 we can 
establish a very important conclusion that ‘event horizon’ if exists (if 
we don’t take the value of Δ as zero) then we would arrive the rela-
tion that ‘event horizon’ is a sphere which is vanishing in case of the 
‘NAKED SINGULARITY’. [9] 

ܴ(௛௢௢௣) = ௦ܴߨ4
ଶ = ߨ4 ቀଶெீ

௥௖మ ቁ
ଶ

≡ ݎ =  ୀଵ,௖ୀଵ                      (13)ீ|ܯ2
 
ݎ = ܯ2 = ଶݔ + ଶݕ + ଶݖ ≅ ݎ = ெୀఉ|ߚ2 = ଶݔ + ଶݕ +  ଶ              (14)ݖ
 
ଶݔ + ଶݕ + ଶݖ = ߚ2 … (2)                                                    (15)         
 
To manipulate equation (15), as ‘ܽ’  being an affine spin parameter 
along the ‘ݖ’ axis of motion and amplifying one side of ‘ݖ’ axis, the 
axis that points outwards from our universe we can make an equa-
tion with LHS as ‘ݖ’ and RHS as – ଶݔ + -ଶ, what we get is an ‘exݕ
tended Cauchy horizon’ as follows, 
 
ଶݖ = ଶݔ− +  (16)                           (ାܪ)ܥଶ|ா௫௧௘௡ௗ௘ௗ ஼௔௨௖௛௬ ு௢௥௜௭௢௡ݕ
 
The spacelike timeline will escape from the BH through Wormhole 
and enters into a Cauchy horizon ܥ(ܪା) which is future directed and 
thereby enters into another Kerr BH in another universe to make an 
exit through another future Cauchy Horizon. [10][11] 
 
Now, if the spin angular momentum ′ܬ = 0′ then 5th part of the RHS 
of equation (10) would be 0 as it is a cross term between ߶ & ߬ 
coordinate which beautifully implies that without SPIN equation (10) 
is not valid. This suggests that only Kerr BH can have this property 
if limit of Δ goes to zero shown as follows. 
 

ቀܽ = ௃
ெ௖

 & Ξ = ܽܵ݅݊ଶߠቁ
௃ୀ଴

≡ ଶఠ(Ξ)
Σ

√ఛమ

௜మ ݀߶ଶ = 0  
௬௜௘௟ௗ௦
ሱ⎯⎯⎯ሮ   √ఛమ

௜మ ݀߶ଶ = 0   

                                                                                   (17) 
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Here if Δ approaches to complete zero then the affine parameter ‘ܽ’  
of the spin takes the values as computed by the below equation, 
 
Δ = ଶݎ − ܴ(௛௢௢௣)ݎ + ܽଶ ≡ 0 = ଶݎ − ݎܴ + ܽଶ => ܽଶ = ݎܴ − ଶݎ =
ܴ)ݎ − (ݎ => ܽ = ඥݎ(ܴ − మ(ݎ                                                (18) 
 
Therefore, as soon as the singularity got naked, the spin of the BH 
changes as follows, 
 
ܽ = ௃

ெ௖
                                                                          (19) 

     
Substituting the value of ‘a’ with the new value ඥݎ(ܴ − మ(ݎ , the equ-
ation is as below with a new parameter of spin expressed in terms of 
‘HOOP and SCHWARSZCHILD Radius’, 
 
∗ܬ =  ඥݎ(ܴ − మ(ݎ  (20)                                                          ܿܯ 
 
The mass of the BH will also change as follows, 
 
∗ܯ = ௃

ඥ௥(ோି௥)మ ௖
                                                                 (21) 

 
Now, here as limΔ→଴. Has been fully satisfied, a wormhole begins to 
form and the event horizon along with ergosphere starts to vanish 
thereby its mass is reduced and its spin is increased satisfying the 
two important relations. 
 

∗ܯ ≪ ∗ܬ    ܯ ≫  ܬ
    
 
Substituting the value of ݎ = 2|ெୀఉ in equation (14) with the value 

of 16ߨ ቆටெீ
௥௖మ

మ
ቇ

ସ

  in equation (2) we get 

ܴ(௛௢௢௣) = ߨ16  ቆටఉ
ଶ

మ
ቇ

ସ

|௖ୀଵ,ெୀఉ,ீୀଵ
= ଶ & assuming ܴ(௛௢௢௣)ߚߨ4 ≈ ≈ ݎ

 can only be less than M by a limiting ∗ܯ we can conclude that ∗ܯ
factor of 4ߚߨଶ . 
 
Mass-energy equivalence: This is an important factor that needs to 
be taken into account while deducing the parameters for any systems 
and this being starts with the most famous yet simple equations of 
special relativity E=mc2. Here, in this paper, the mass ܯ∗ gets re-
duced by a factor of 4ߚߨଶ and the spin ܬ∗ gets increased which 
means the rotational energy ܧ௥௢௧ gets increased thereby adding mass 
to the BH. Then how does this reduced mass ܯ∗gets compensated 
by the increased mass due to the kinetic energy of rotation. To do 
so, we will split the original mass M into two components as follows, 
 

ܯ = ൜
,௔௣௣௔௥௔௡௧ܯ ∗ܯ < ܯ
௔௕௦௢௟௨௧௘ܯ , ∗ܯ > ܯ

� 

 
Now the rotational energy ܧ௥௢௧ = ܯ) −  ଶ [12][13]where theܿ(∗ܯ
apparent mass ܯ௔௣௣௔௥௔௡௧  seems to decrease by a factor of 4ߚߨଶ 
although the absolute mass ܯ௔௕௦௢௟௨௧௘ increases by a factor of √2 by 
the Penrose mechanism where the ߚଶ when takes the value of 

൬1
ൗߨ2√2 ൰, then ቆ4ߨ ∗ ൬1

ൗߨ2√2 ൰ቇ satisfies the increase of ܯ௔௕௦௢௟௨௧௘ 

from ܬ∗ by a factor of √2 tallying with the Penrose process. [12][13] 
Hence mass-energy equivalence has been satisfied. 
 
 
 
 
 

Reference: 
 

[1] Schwarzschild, K. (1916). “Über das Gravitationsfeld eines 
Massenpunktes nach der Einsteinschen Theorie”. Sit-
zungsberichte der Königlich Preussischen Akademie der 
Wissenschaften. 7: 189–196. Bib-
code:1916AbhKP1916..189S 
Translation: Antoci, S.; Loinger, A. (1999). “On the gravi-
tational field of a mass point according to Einstein’s 
theory”. arXiv:physics/9905030 

 
[2] Kerr, R. (1963). “Gravitational Field of a Spinning Mass as 

an Example of Algebraically Special Metrics”. Physical Re-
view Letters. 11 (5): 237–238. Bib-
code:1963PhRvL..11..237K. 
doi:10.1103/PhysRevLett.11.237.  

 
[3] Melia, F. (2009). “Cracking the Einstein code: relativity 

and the birth of black hole physics, with an Afterword by 
Roy Kerr”, Princeton University Press, Princeton, 
ISBN 978-0226519517 

 
[4] Hawking, S. (1992). “Chronology protection conjecture”. 

Phys. Rev. D. 46 (2): 603. Bibcode:1992PhRvD..46..603H. 
doi:10.1103/physrevd.46.603 

 
[5] Hawking, S. (2001). The universe in a nutshell. New York: 

Bantam Books 
 

[6] Landau, L. D.; Lifshitz, E. M. (1975). The Classical 
Theory of Fields. Course of Theoretical Physics. Vol. 2 
(Revised 4th English ed.). New York: Pergamon Press. 
Pp. 321–330. ISBN 978-0-08-018176-9. 

 
[7] Christopher M. H. Lecture XXVI: Kerr black holes: I. Me-

tric structure and regularity of particle orbits, p. 1, Eq. 1 
 

[8] Visser, M. (2007). “The Kerr spacetime: A brief introduc-
tion”. P. 15, Eq. 60-61, p. 24, p. 35. arXiv:0706.0622v3 
[gr-qc]. 

 
[9] Chandrasekhar, S. (1983). The Mathematical Theory of 

Black Holes. International Series of Monographs on Phys-
ics. 69. P. 375. 

 
[10] Andrew Hamilton: Black hole Penrose diagrams (JILA Col-

orado) 
 

[11] Kerr, R., University of Canterbury, (Director). (2016, May 
25). Spinning Black Holes [Video file]. Retrieved December 
2, 2020, from https://youtu.be/LeLkmS3PZ5g 

 
[12] Misner, C. W., Thorne, K. S., Wheeler, J. A., & Kaiser, D. 

(2017). Gravitation. Princeton, NJ: Princeton University 
Press. 

 
[13] Bhat, M., Dhurandhar, S., & Dadhich, N. (1985). Energet-

ics of the Kerr-Newman black hole by the penrose process. 
Journal of Astrophysics and Astronomy, 6 (2), 85-100. 
doi:10.1007/BF02715080 

 
 

*** 


