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Abstract

Modified Reissner-Nordstrom solution to Einstein's field
equation for static charged spherical black hole is used in
microscopic scale by redefine the potential. In addition,
circular orbits and horizons obtained. The obtainable
model characterized the boundaries of micro-Particle
scale. Casimir force is generalized and computed without
reference to zero point energies.

1 introduction

Schwarzschild solution described static uncharged black hole. Schwarzschild
metric has singularity when a gravitational collapse takes the surface until it
reaches Schwarzschild radius, 7, = 2GM.on the other hand, Reissner-Nordstrom
solution is a solution to the Einstein's field equation for static charged spherical
black hole [1].

Various authors, from early work of Bekenstein [2] to more recent works of ’t
Hooft [3] and Susskind, Thorlacius and Uglum [4] have suggested that the black
hole is a normal quantum system with discrete energy levels.

The theory of differential spaces is used in gluing two Reissner-Nordstrom space-
times [5].

Classical and quantum arguments supporting the existence of a maximal
acceleration (MA)[6]. MA also appears in the context of Weyl space [7] and of a
geometrical analogue of Vigier’s stochastic theory [8]. Its existence would rid
black hole entropy of ultraviolet divergencies [3],[9],[10], and circumvent
inconsistencies associated with the application of the point-like concept to
relativistic quantum particles [11].Some authors regard Am as a universal
constant fixed by Planck’s mass[12],[13], but a direct application of Heisenberg’s
uncertainty relations [14],[15] as well as the geometrical interpretation of the

guantum commutation relations given by Caianiello, suggested that Am be fixed
2mc3

by the rest mass of the particle itself according to 4,, =

2 Micro-Particle Model

In this work we obtained scale transformation (which agree with a maximal
acceleration) to apply Reissner-Nordstrom metric in microscopic scale.
Reissner-Nordstrom metric in spherical coordinate symmetric is given by:
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From uncertainty principle AEAt = h, the maximum range of the force of a particle
would be approximately cAt > h/ch .
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Instate of the R = ZGM/CZ we substitute ZGM—>;C in (1).then, Rewrite
Reissner-Nordstrom metric (restore c?), the metric becomes:
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We redefined Q2 = pQ as the charge density (p = Q/M) multiplying by the

total charge of the black hole (Q),we add % to the electric term. we can rewrite
TEQ
the metric as:
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Where: 1, = —— , 12 = —%m _
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mass of charges carriers.

m, the total mass of black hole, m,, the total

The scale transformation can be obtained as:

hc

3 Scale's boundaries

Quantum gravity is defined as the regime where the Planck’s quantities, Planck’s

/2ha /h
length [, = - and Planck mass mp = i , became relevant. On the other
hand, general relativity implies a maximal mass of black hole (maximal mass that

. e . c2r . .
can be contained in limited systemr),is: M = oY) ,which occurred at radius
2GM

C2

of order of magnitude , SM(l) = % . The lower boundary of mass is ruled by

(Schwarzschild’s radius) R; = .Also quantum effect entails mass fluctuation

quantum effect, where SM(r) = % .the upper bound is general relativity with

2
M = % .Now we can define the threshold mass, as the mass which satisfies

h 2 . . . . .
i % (the uniqueness of this equation, is the appearance of both 7 and G in

one equation, what is forbidden anywhere), the solution depends on the length,
=r = lp, then, the threshold mass is Planck’s mass. consequence, the approach

sign in the transformation (2), becomes exactly an equal sign with Planck‘s mass

::I—C = 2Gmp , this what motivated Arbab[16], to build on, his characteristic
P

Planck’s constant, A, ,which depends on the size of the system.

The exerted force between two micro-Particles, according to the model is given
by:
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This force, in Planck's length and mass) is ~10*3N. Furthermore, the micro-

Particles force in (c) is the Casimir attractive force between two plates,
2p . . .
Feasimir = ﬁA, where L is the distance between the two plates, A is plate

area. When A = L?, (square plate). The Casimir force construes to micro-
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Particles force, F.qsimir = a- Where a = Py Casimir’s calculation. In Micro-

. m
Particle model, = . -

mq
The potential energy is

_ he
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The potential energy,whenm; = m, = mandr = — Compton length, is

_1 2
Eg—zmc

The region of applying, i constant, and, G constant, is shown in bellow diagram
and in figure 1.
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Obviously, the scale identification is the mass. Accordingly, the transformation in
(3), translates GR equations (macro scale) to micro scale, no more constants

need to be added. universal gravitational constant G and Planck’s constant h are
both scale constant.

Fig 1: shows the scale responds to mass, it manifested
into two regions, m < mp < M. The turn point occurs at
Planck mass, where the scale length is equal to Planck’s
length.



4 Micro-Black hole orbits

There is true singularity in (2) at m = 0, mass singularity add additional
constraint to this model, which leads to redefine the micro-Particle scale as the
scale of mass in the range , 0 < my, < m, , where m, is the rest mass of the
micro-Particle. In addition, there are two singularities (horizons) at:
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The geodesic equation and constraints for the line element metric (2) are:
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For massless particles, E and L are the energy and angular momentum. For
massive particles, they are energy and angular momentum per unit mass of the
particle.
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The effective potential is

Verr =37 37t T2 20 T o ()
For massless particle, e = 0

At minimum or maximum potential, circular orbit (r=constant) is possible.

When: Z—Z = (. Differentiate the effective potential in (5) to obtain the circular

orbits.
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Equation (6) reduces to Schwarzschild, r, = 3GM , when Q = 0.
For massive particle € = 1. The effective potential is
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.we can rewrite massive effective potential as:
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The critical orbits occur at:
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We find the real root of (8),

T, = \/=36ba + 108C + 8a3 + 12v/12b® — 3b%aZ — 54abC + 81C2 + 12Ca3/ _
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Where: a = (2:—Q+2j—),b = 3L2,C=4L2:—Q.
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If we neglect the last term in (8), the equation of the circular orbits becomes:
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As we define L as the angular momentum per unit mass of the particle, so L can
h21(1+1)

be written as L? = we restore, ¢, for dimension compatibility. Equation

c2m?2
(9b) becomes:
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When Q = 0in (9b), we recover Schwarzschild’s circular orbit
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Equation (10) gives:
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There are different regimes depending on the angular momentum.
We find the unstable orbit for massive particles at the radius ,._:
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The other stable orbit 7., , is located at:
= ﬁ+ R+ D] 3R%21(1 + D) (110)
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When = 0, in equation (11)
To_ = %rs (12a)
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At this limit the stable orbit becomes farther away, while the unstable one
approaches, 1y, (behaves like massless ).The orbit vanishes when Q = 0 and
[ = 0 .as we see the existence of the orbit does not depend on electrical force,

rather than gravitational force.
5 Conclusion

We showed that, Planck mass represents the boundary where the macroscopic
world is beginning, where GR is applicable and microscopic world is vanished,
where quantum mechanics is valid. Accordingly, Planck mass has a duality, micro-
macro particle. Moreover, we found the equation, which gives the force between
two micro particles (equation (c)), interpreted to Casimir force relation, showed
that, Casimir forces can be computed without reference to zero point energies.

. o 1 . . h
The potential energy of a particle is equal to Emc2 in special case when, r = —
(Compton length).

The Modified Reissner-Nordstrom metric, showed many intrinsic features in

. . . hc .
microscopic scale, when the transformation 2GM — ;C is used. It showed a



horizon in range of nuclear radius, which does not contradict with Planck’s
length. We found the orbital radius is independent of electric charges. We
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