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Abstract

The final state of a black hole and its force balance is considered, in
the limit where all available energy is radiated away and all matter
remains in the lowest form of Zero Point Energy (ZPE). In conven-
tional theory without the concept of ZPE, the gravitational contrac-
tion would transfer the system into a mass point, being questionable
from the theoretical point of view. But the inclusion of ZPE makes
a force balance possible, resulting in a finite characteristic radius
of a black hole mass distribution. This radius is of the same order
as that of the so-called Schwarzschild radius, but is not related to
the physics of the latter, which is due to particle trapping in the
gravitational field.
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1. Introduction

The black hole concept was first discovered by Schwarzschild [1] in an
analysis of a simplified system having no electric charge and no angu-
lar momentum. The result was at that time merely considered as a
curiosity. But a star which collapses into a black hole under the com-
pressive action of its own gravitational field is now a subject of ever
increasing interest. In its most generalized form the related physics
includes both gravitational and electromagnetic fields as well as prob-
lems of General Relativity, to account for its mass, electric charge, and
its intrinsic angular momentum. The associated theoretical analysis
and related astronomical observations have been described in a review
by Misner, Thorne and Wheeler [2]. It is thereby to be noticed that
no black hole has so far been associated with a substantial electric
charge.

The present investigation is limited to the Schwarzschild case of a
final state of a star collapsing into a black hole. Section 2 first describes
the applied physics being similar to that of the Standard Model for
a vacuum state of empty space. This is followed in Section 3 by the
extended analysis of a vacuum state including the Zero Point Energy
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(ZPE) discovered by Planck [3].

2. Black Hole in a Vacuum of Empty Space

The final state of a collapsing star and its black hole will first be con-
sidered in terms being similar to those of the Standard Model, i.e.
where the vacuum is treated as an empty space where there are no
sources of electric charge and current, and there is no ZPE. In this
state all available energy has been radiated away. The gravitational
contraction is then unbalanced, and it will continue all the way to a
mathematical point. The reality of a mass point is, however, ques-
tionable from the physical point of view.

3. Black Hole in a Vacuum Including Zero
Point Energy

When all energy of the collapsing star has been radiated away, its
temperature tends to the limit 7' = 0, and all matter turns into that
of ZPE. The resulting mass m of the black hole then corresponds to
a density p distributed inside a radius 7o and within the volume V =
%m“g’. The average mass density is p = m/V. We further restrict the
analysis to a system without electric charge and angular momentum.

3.1. The Inwards Pointing Gravitational Pressure
Following Bergmann [4] a steady curl-free gravitational field strength
d
g=-Vo= (—dff,o,O) (m/5°) (1)

is considered which originates from the potential ¢(r) in a spherically
symmetric frame (r,6,¢) where r is the only independent variable.
The mass density p is the source of g as given by

—divg = 47Gp = V?¢ = 14 ( 2d¢) (2)

r2 dr " dr

where the constant of gravitation G' = 6.6726 x 107! m?/kgs?. The
associated local force density becomes

f=pg (3)
The analysis is now restricted by assuming a form
¢(r) = o(r/ro)” (4)

with positive values of a. Equation (2) then yields
4rGp = (¢o/rs) a (a4 1)r*"2 >0 (5)

When aiming at orders of magnitude, a further restriction to oo = 2
leads to a homogeneous density p = p within the volume 0 < r < rq.
Then Equation (5) results in

4nGp = 6 ¢o /12 (6)

From Equation (3)

fr==2p(0ord) 1 = =3 (90/r3)” (1/zG)r  (N/m®)  (T)

DOLI: 10.4236/jmp.2019.107052

726 Journal of Modern Physics


https://doi.org/10.4236/jmp.2019.107052

B. Lehnert

in combination with Equation (6). The inwards pointing gravitational
pressure then becomes

po= [ hir =3 o) 0G)E (Nt @)

With

2 2
bo/rg = 3mGp = nG(m/V)  (s77) (9)
the pressure (8) takes the form
2
pe = —3(m/V)’nGrg (N/m?) (10)

The values of the parameters «, ¢y and rg represent various chosen
forms for the radial distribution of mass. This freedom does not affect
the order of magnitude of the results obtained here.

3.2. The Outwards Pointing Zero Point Energy
Pressure

At the final state there is only gravitationally compressed mass m at
the density p within the region 0 < r < r¢ and in the form of ZPE. In
the outer vacuum region r > rg, where 7y represents the boundary of
the black hole mass, there remains a ZPE density being much lower
than p, i.e. that which would exist in the vacuum in absence of a black
hole. With o = 2 and p = p = const. there is a jump in ZPE density
at the boundary r = ry. This generates an outward pointing pressure

pz=md/V  (N/m’) (11)

Even if ZPE represents the lowest energy level, its spatial gradient
can thus generate a force [5].

3.3. The Pressure Balanced Black Hole

A pressure balance at a finite characteristic radius rg becomes possible
through the condition pg = —pz. Equations (10) and (11) combine
to

ro = mG /2 ¢ (12)

With a solar mass of about 1.893 x 103° kg and a black hole of ny
such masses, this radius becomes

ro = 0.7383 x 10°ny (13)

An example can be given of the black hole of the Milky Way, with
a mass of about ny = 4 x 10%. It leads to ry = 3 x 10° m, i.e. about
4 solar radii.

It should be observed that the physics of the present pres-
sure balance differs considerably from that underlying the so called
Schwarzschild radius

R =2Gm/c* = 4rg (14)

The latter is obtained from the work which is required to “lift” a
massive particle out of a black hole. The particle thereby gets trapped
within the hole when being inside the radius R.

Equation (12) also holds approximately when not all of the grav-
itationally trapped matter has had time to approach zero absolute
temperature T
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4. Conclusion

Conventional physics is faced by difficulties in the treatment of black
holes, in the form of an unbalanced gravitational contraction, all the
way to a point mass which is questionable from the physical point of
view. This can be overcome by including the effects of Zero Point
Energy, the expanding force of which can outbalance that of the
gravitational contraction. It results in a finite characteristic radius
of the black hole configuration. This radius is of the order of the
Schwarzschild radius, but not related to the physics of particle trap-
ping in the gravitational field.
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