Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 April 2021

d0i:10.20944/preprints202104.0293.v1

Path Tracing Photons Oscillating Through Alternate Universes Inside a Black Hole
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Abstract: In case of the maximally rotating Black Holes (BH) through Kerr-Neumann frames, or as described in Boyer-Lindquist coordinates metrics, the
rotation axis of the BHs inputs a frame dragging effect i.e., relativistically a Lens-Thirring Precession that accelerates the photon trajectories oscillates with a
shaped induced rotations through the ring singularity, between alternate universes, as a means of an induced geodesics that takes a sharp turning points back
and forth provided, in the prograde photon sphere, due to magnetorotational instability, the path tracing of a photons circulates as a smooth fiber bundles
over the event horizon curves, that when gets interpolate between mixed trajectories behaves as a geodesics and thus forms a smooth Jacobi-fields through
Jacobi-lines by mutual intersection of geodesics over the photon sphere which when somehow gets leaked inside the event horizon, then gets sucked in with
not sufficient escape velocity for retardation and trapped in the compact singularity, oscillating back and forth through alternate universes.
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1. Tangent Spaces & Jacobi Fields

Considering the event horizon as a boundary manifold G and the null
rays over the prograde photon sphere being tangent to this manifold
as Gr, which assembles all the tangent vectors in G, the disjoint un-
ion is given by,

Gr=] s
xXeg
= [Jwxng
X€eq
= U{x,y}lyeTxQ
Xeq
= {(x,¥)Ix € Gy € TG}

Where T,G denotes tangent space to G at the point x. Then, T,G
can be thought of as a pair {x,y) where x is a point in G and y is a
tangent vector to G at x. Therefore, the natural projection from the
tangent to the tangent space, here from the prograde photon sphere
to the event horizon as,

m:T,G>G§

Overlapping tangents, creates a smooth family of geodesics Dy with
Dy = D, then the Jacobi-fields could be represented as a function,

0p,.(t)

T,G(t) = T

T=0

The tangent vector field T,G along a geodesic Dy is said to be Jaco-
bi field if it satisfies the Jacobi equation:

Dr? . .
ZE TGO + R (TGO, T6(0) Ti6() = 0

Where D is the covariant derivative, R is the Riemann curvature
tensor, T,G(t) = d(Txg(t))/dt is the tangent vector field, and t is
the parameter along the geodesic.

2. Black Hole Inequalities & Photon Trajectories
Now considering a BH in the Boyer-Lindquist coordinates (t,,8, )

with mass M and spin coefficient of the angular momentum J = Ma,
the inner and outer horizons of the Kerr BH is given by [1,2,3,4],

ry =M+M?—a? where0<a<M
We find some important parameters as,

K

_[ —
Y—E, U—Ez

With the corresponding value names, as, E is the energy at infinity, ¢
is the spin angular momentum about its rotational axis, K is the
Carter integral having an affine valued label as,

K = p§ — cos?6(a*p,? — pjcsc?0)
E=-p
{= p¢

With p# denoting the 4-momentum of the photon provided pt > 0
having the time orientation where p* can be reconstructed as,

z
=17 = £.JRG)

X
Epe = 14/0(6)

z a
Epd’ = (¢Csc?0 — aE) + Z(E(r2 +a?) —af)
r? +

azEZ 2 £
N (E(r* +a®) —at)

X
Ept = a(f — aESin?0) +
Where, the induced “"potentials” are,

R(r) = (r? +a? - ad)? = AD)n + A - a)?]
©(0) =n + a?Cos?8 — A*Cot?8

Then, the 4-velocity x*, “Mino time” 7 [5] and 4-momentum p*

could be related as,

dx* ¥
=

dr E?

To avoid singularities in the spherical coordinate systems, it has been
assumed that, 0 < @ <m and by labeling o = cos?8, the value is
given by [6],

(1-0)0(0) =n+ (a®? = n — 2% — a%c?

Where 1+ (a? —n — A2)o — a?0? is a quadratic polynomial, having
the roots oy is given by,
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The 4-roots of ©(8) are given by arccos(+,/o;), or,

0, = arccos(\/a_+)
0, = arccos(J_)
85 = arccos(— J— )
8, = arccos(— Ja_+)

Coinciding each roots, occurs at the singular intersecting points,

g, =0, o_ =0, o, =0_
Motion is allowable in the region where,
g, >0, o_<1,

Implies the bound forms as,

_{ 0, lylza
T==1lyl-02%  lyl<a

Therefore, the elemental line n = 0 of double roots admits two cha-
racteristics' of null-geodesics as,

A.  (n > 0)forming ordinary geodesics where the photon libe-
rates between 6; and 6, taking the limit 6; < % < 8, cross-
ing the equatorial plane each time with a “positive poten-
tial” in them.

B. (n <0) forming vertical geodesics where there are 4-real
roots as, 6; < 6, < g < 05 < 6, where the "positive poten-
tials” roots in the Northern hemisphere as (6,,6,) and
“negative potentials” as (03,6,)in the Southern hemisphere,
being liberated in between the turning points (6,,6,) and
(03r64)-

C. (n=0) forming equatorial plane itself with no turning
points in limited “A” type motion having roots 8, , and li-
mited “B” type motion having roots 6,3, with each value
suffices to g

For, Type “"A" motion, there are 3 angular integrals reduced to a real
elliptic form Og, Oy and Oy, since o,/o_ <0, the antiderivatives
becomes [1,6],

O+

o

00 = 1 P . (cosB
0=,z arcsin Ja_+
04
o_

1 . [cos@
O¢ = ——azf 0,; arcsin
O+
o_

—o_ \/0_+
Are real and smooth, where it has been defined,

0. = 20, 5 . [cos@
e =——— gL |arcsin Jo
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E(plk) — F(olk)

1(plk) — =
E OkE(plk) -

Therefore, the half-libration values with a tilde as,

f+m )

0,
%=, W 1)
0+ csc? 40, (a+)

_ «/@(9 1/—0 a?

Here, Oy = t is the Mino time, the polar motion 6.(t) has Mino time
period of 20,.

For, Type “B" motion, the geodesic would oscillate with a hemispher-
ic motion H as,

H = sign(cos )

The motion lies, within the parameter 6_ < 8, in the Northern he-
misphere H =41, and 6_>6, in the Southern hemisphere
H = —1 having the retardation points given by,

0, = arccos(,[oy)

Such that, 8,_=6,, for H=+1 and 6,_=03, for H=-1,
thereby, again , there are 3 angular integrals reduced to a real elliptic
form Og, Oy and Oy, since o,/a_ >0, the antiderivatives becomes
[1,6],

o=~ (1 -3)
R
Ji—oJoa?2 \1-0_

__7{( |1__

Are real and smooth, with,

 |cos?6 —o_
B = arcsin [———
oy —0_

The respective half-libration values are,

S

o,
- f \/W iazv(l_%)

0+ csc? oy — 0 1 g,
f «/W mJ— (1—0 ’ _Z)

-], =

Note: There is no radial potential as the motion is purely geodesic over the curve. Moreo-
ver, true radial potential is absurd as the intense gravity will curve the photon paths.
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Where 5; denotes the Mino-time half period of the polar motion

6:(1).
3. Path Integral Formulations

The photon trajectory should be real and smooth and if a particular
trajectory ¥(C) of a function f; where C; is the source and C; is the
destination with the function parameter iy oscillates in the range
Y € [y, ¥_] then then the integral could be defined as,

z=| " Rw©) [ ac

Therefore, considering a segment over the respective turning points
through the trajectory, where the integrand is simply +(C)dy with
+ the sign of |%| where Y(Cs) = Cs and Y(Cy) = C4 (thereby
switching points) the integral depends on the initial value C; and
initial sign w = sign(lp’(Cs)), going to the final value C4 with the
turning points encountered along the way as J, the relation suffice
to,

Z=2Z(C;,w,Cq,J)

The antiderivatives h* could be explained as,

dh*
i 10)

With the notional notation h*; = h*(C = C;) with i € {s,d, 1,1} pro-
ducing the integral as,

Z = J’CT(I,[}(C)) dc = h' - p
ct

Above denoting the half-libration path integral having a quasiperi-
odicity property as,

Z@+2)=2(J) +22

This implicitly gives us 4-values as in order of,

w=t1, J=0  Z=h(C)—h(C)

w=l1l, J=0 Z=h(C)—h(C)

w=t1, J=1. Z=-h(C)—h(Cy —2h(C);
w=l1l J=1. Z=h(C)+h(C)—2h*(C),

Obtaining the relation as,

Jz + w(h*(Cd) — h*(Cs)), J even
IZ+o(RT R —R(C)-h(C)),  Jodd

Which correctly reproduces the final path tracing photon in geodicity
as,

—(-1)J
z2=JZ+w [(—1)3h*(cd) —h*(Cy) + #(h“ + h**)]

4.  Conclusion

The photon trajectory has been considered devoiding of any coordi-
nate singularity as mentioned before having the values, (0 < 6 < ),
with a “potential” measuring through the Boyer-Lindquist coordinates
(t,7,0,¢), taking the ‘angular’ parameter as Boyer-Lindquist coordi-
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nates (t,0,¢9), neglecting the “radial” parameter Boyer-Lindquist
coordinates (r) because the 3-potentials that suffice the angular
momentum induced trajectory through the values of “ordinary geo-
desics” and vortical geodesics” where the later behave has an induced
radial curves of null paths induced by relativistically frame dragging
having the “affine-valued” functions (n>0),(n=0),(n<0)
through the “3-potentials of (0y, 04, 0,) along with half-librations
(09,77(;(%), focusing primarily the oscillations between alternate
universes, having ‘null coordinate singularity’ but a ‘way out’ “ring”
singularity through which the photons being trapped through the
generators of the cone, sprouts out through the fountains making a
way of rectifying the Lens-Thirring effect with an induced rotation
that calibrates inside the event horizon having the escape velocity
values V,5.~3,00,000 Km/Sec making the path tracing of the photon
stays inside the BH as a permanent candidature. At the last, the
“path integrals” have been computed for 4-affine valued parameters,
along with turning points, (Cs, w, C4,J) to provide a summation of all
the path tracing as concerned in this paper.
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