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Abstract

This paper investigates the spherical region of space that is bounded by the Schwarzschild radius. This is
possible because the metric that describes this space-time is not the Schwarzschild metric and, therefore, does
not have the Event Horizon and Black Hole pathologies. It is found that in the certain finite region of this
space-time the time, as observed by a distant observer, slows down so much that it is possible to explain charge
of an electron as frozen vibrations of electromagnetic field. The same effect may also explain the long neutron
lifetime, the stability of typical nuclei, and the variations of radioactive nuclei decay rates that correlate with the
Earth-Sun distance.
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1. Introduction

The calculations presented in this paper are based on the new metric that was derived previously in the metric
theory of gravity (MTG) and was published already several times with the latest version available in this journal
(Hynecek, 2012). The metric describes the space-time without Black Holes (BH) and the Event Horizon. The
correctness of the metric was verified, for example, by deriving formulas for the geodetic precession and
comparing predictions with the measurement results of Gravity Probe B (Hynecek, 2013). Additional verification
was made by investigating the famous light bending effect caused by a gravitating body (Hynecek, 2011). The
author is thus certain that this metric describes the reality correctly and is therefore suitable for studying the
Schwarzschild region of space-time. The Schwarzschild metric, however, with its typical BH region
unfortunately does not permit to study anything in that region, because no data can be retrieved from it. From the
positivistic philosophy point of view this region actually does not exist as a typical space-time as we know it.
Whatever has been previously published about this region are sheer speculations and a belief that does not
belong to the scientific world. The new metric, on the other hand, does not have such a problem, and thus it is
possible to study the Schwarzschild region without any difficulty and find interesting properties of matter that
originate in this space-time. This opens up a new frontier for study of gravity and perhaps also for the study that
may be related to quantum physics in curved space-times (Birrell & Davies, 1982). The quantum aspects of the
theory, however, are not addressed in this paper and are deferred to future work.

2. The New MTG Space-Time Metric, Christoffel Coefficients, and the Riemann and Ricci Tensors

The differential metric line element for the new MTG metric is defined as:
ds* =g, (cdt)’ —dp* - g,0°dQ* (1

where for the usual variables holds the following: dp = g,/"*dr, g,= exp(-R,/p), dQ* = d¥ + sin’9dy’, and where
the Schwarzschild radius is defined as: R= 2xM/c’. In this metric and throughout this paper it is necessary to
keep in mind that there are two types of coordinates used. The natural coordinates with the radial coordinate
designated by r, and the physical radial coordinate designated by p. The physical coordinates are not directly
observable the same way as the natural coordinates are and must therefore be calculated from some applicable
formulas. This also applies to the physical radius, which is calculated from the formula:
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dp =exp(R,/2p)dr 2

The solution of this differential equation cannot be found in a closed analytical form and needs to be calculated
numerically. The graph of this solution is shown in Figure 1, where both variables were normalized to the
Schwarzschild radius. From the graph it can be clearly observed that the natural radius is significantly
compressed in the region below the Schwarzschild radius bound.
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Figure 1. Normalized natural radius as a function of the normalized physical radius. The dotted line represents
the natural mass equivalent radius corresponding to the equilibrium between the integrated field energy in the
space outside of this radius and the mass equivalent energy of the gravitating body

The dotted line designates the natural mass equivalent radius 7, which corresponds to the minimum radius to
which any ordinary mass can be compacted to and at the same time satisfy the mass energy equivalence
condition. This means that the field energy of the gravitating body integrated from this radius to infinity is equal
to the equivalent mass energy of the body according to the formula:

2
Mt = LEM 3)
2 p,(r,)

In this formula x designates the Newton gravitational constant and M the mass of the centrally gravitating body.
This condition, however, does not state how the mass of the compacted body is organized and structured in the
region bounded by p..

To complete the description of space-time, the Christoffel coefficients, the Riemann and Ricci tensors, and the
Ricci scalar for the new MTG metric are introduced below as they were previously computed and published
(Hynecek, 2007). The metric signature notation is sometimes changed for a convenience from (¢,-r,-8,-¢) to
(0,-1,-2,-3), but this should not present a problem. The Christoffel coefficients are thus as follows:

1R
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The Riemann tensor is calculated according to the relation:
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where only the nonzero symmetric terms were listed. After contracting the Riemann tensor the Ricci tensor

becomes:

R, =1- !

R, =R, sin’ I

The Ricci scalar then becomes as follows:

2
R R
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For small Ry/p this expression reduces to:

2
R=ZR ©)

0

Having thus obtained the Ricci scalar for the new metric it is now possible to plot it as a function of the natural
radial coordinate. This is shown in Figure 2 normalized to the Schwarzschild radius. It is interesting to observe
that the Ricci scalar is very close to zero for the region where the natural radius is larger than the Schwarzschild
radius, rises to a significantly large positive value for the radius in the interval: 0.03 < r <1, and then assumes
very large negative values for the rest of the natural Schwarzschild region interval. This suggests a possibility for
the existence of complicated and rich geometrical structures that may be found in this region of space. The near
zero value of Ricci scalar outside of the Schwarzschild region is consistent with the assumption of Einstein’s
general relativity theory.
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Figure 2. Normalized Ricci curvature as a function of the normalized natural radius r(s) for a centrally gravitating
body. The vertical dotted line indicates the location of the normalized mass equivalent natural radius

3. Trajectories of Test Bodies in the Schwarzschild Region

The first trajectory that will be investigates is the trajectory of a small test body falling in the radial direction. The
formalism that will be used is the well-known and ages tested Lagrange formalism with the Lagrangian (L= ¢?)
derived from the metric as follows:

2 2
- gu(“”] _(dp) (10)
dr dr
The first integrals of Euler-Lagrange equations that follow from the corresponding variational principle are:
dr=g,dt (11
2 R
(dpj _er —¢? (12)
dr
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Using Equation 11 and Equation 12 it is possible to eliminate the physical variables from Equation 12 and obtain
the formula for the velocity as observed by a distant observer:

3R, R,
d—r=ice 2 \e? —1 (13)
dt

The two velocity solutions correspond to the in-falling and outgoing test body trajectories. It is also not too
difficult to find the acceleration as observed by a distant observer. This is obtained by differentiating Equation 12
with respect to 7 and again using Equation 11 and Equation 12 to eliminate the physical variables from the
differentials. The result is as follows:

sk SR
ﬁ:-% R';' [362'0—26 2 j (14)
0

The graph of velocities and the acceleration as functions of the normalized natural radius are shown in Figure 3.
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Figure 3. Dependencies of normalized velocities and the acceleration on normalized natural radius. The solid line

is the velocity of in-falling particle, the dashed line is for the outgoing particle, and the dotted line is the
acceleration

The remarkable observation that can be made in this graph is the very strong apparent deceleration for the
incoming test particle in the region of: 0.01 < r/R;< 1, while the standard gravitational acceleration in the region:
r/R; > 1, is relatively small in comparison and, of course, negative. This is astonishing and an unexpected finding
for this region of space-time. It is also worth noting that for approximately: »/R; < 0.001, the acceleration is
approaching zero, which implies that there is no apparent acting force. This resembles the asymptotic freedom
postulated for quarks.

Another interesting point to note is that the velocity maximum occurs just before the Schwarzschild radius is
reached and is equal to: v,,,, = 0.385¢. This value is identical with the maximum galaxy recession velocity that can
be observed from Earth as described in the Repulsive Dark Matter (RDM) model of the universe (Hynecek, 2012b).
It thus seems that the physics of the universe and the physics of the Schwarzschild region share some common
interesting features.

The graph in Figure 3 can also be used to explain other interesting observations, which are the particle jets (NASA,
2013) that emanate from the centers of many galaxies. Assuming that these centers are already compacted to their
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minimum sizes, corresponding to the mass equivalent natural radius of approximately: »/R; = 0.01, it can be
observed that at that radius the in-falling test mass velocity is still considerable. This will result in some energy and
momentum exchanges between the main body and the in-falling mass and perhaps ejection of new particles along
the outgoing velocity curve (dashed line) just to conserve the linear momentum as in any similar collisions of small
test bodies with a large mass. Of course, the details of this process are much more complicated, including the main
body rotational effects and thus most likely its considerably non-spherical shape. However, the essential reasons
that underline this phenomenon are definitely guided by the space-time geometry that exists in this Schwarzschild
region.

In the next step of the study the trajectory of an orbiting test body will be investigated. For simplicity only the
circular orbit will be analyzed. Such an orbit is again described by the following Lagrangian:

cdt' (doY (wjz
L=g|SU] [P _ g [92 (15)
g”(dfj (drj P &y dr

Solving the corresponding Euler-Lagrange equations the formula for the orbital frequency as a function of radius is
derived as was published by Hynecek (2010).

a9 _ |8« _c | R (16)
dt 8,0 PV20+R,

The dot in Equation 16 represents the derivative with respect to p. The graph of the resulting dependency on the
natural radius r is shown in Figure 4 and it is referenced to the Schwarzschild radius value: R, = 1.

1><1012 T T T T T T T

1x10!'F =

w(s) 1x10'°

1x10°F .

] ] ] ] ] ]
78 66 54 42 30 18

1x10%

1x10~°

1x10°*%  1x107% 1x10” 1x10~¢
r(s,Rs)
Rs

Figure 4. The dependency of the test mass orbital frequency on the natural radius normalized to R;
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4. The Time to Impact of a Falling Test Mass in the Schwarzschild Region

As it was derived in the previous section, the space-time in the Schwarzschild region is significantly curved. This
has a profound effect on the falling time of a test mass that moves in this region. The falling time, as observed by a
distant observer, is calculated from Equation 11 and Equation 12 resulting in the formula:

R
2o

1t e’dp (17)
Fp)=—[-=
) [&
e’ -1
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The starting point of the fall: po, is chosen arbitrarily to be equal many times the Schwarzschild radius, on the order
of thousand radii. This choice does not have a significant influence on the result of calculations. It is assumed that
any test body that originates its motion at that distance was already in an equilibrium state with its environment.
The fall time to a certain physical distance p, as obtained from Equation 17, is plotted in a graph shown in Figure 5.
From this graph it is clear that in the Schwarzschild region of space, which has the physical radius smaller than:
p/R;<0.01, the fall time grows to astronomical values exceeding many times the presumed age of the universe or
possibly the lifetime of any “stable” nucleus.
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Figure 5. The fall time of a test mass from the physical distance of many times the Schwarzschild radius to the
normalized physical distance of p/R,. The Schwarzschild radius for this graph was set to R, = 1. The dotted line
corresponds to a case when the test mass always moves with the speed close to the speed of light ¢

This graph can then be used to explain, for example, the lifetime of a neutron. As is well known neutrons consist of
quarks that are their fundamental constituents. It will be therefore assumed that there is a massive central region
that bounds these quarks together inside of the neutron. The quarks then give mass to this region. The electric field
will be assumed compensated by the quarks and thus will be neglected. It is thus possible to visualize that the only
remaining particles that can interact with this central mass are neutrinos. The size of this region is, of course, many
orders of magnitude smaller than the size of the neutron, but this should be of no concern, because the neutrinos do
not interact with anything else but the mass. It is thus possible to further visualize that the massive neutrino or a
similar massive test body is falling down from the vicinity of the neutron to this central mass region. When this test
mass collides with it, the neutron disintegrates into proton, electron, and again to a neutrino. From this graph it is
then possible to find the size of this central mass region assuming that the massive impacting neutrino has a
significantly smaller radius than the central region. The Schwarzschild radius that corresponds to the mass of
neutron (Wikipedia, 2013) is:

R, =248761810""m (18)
This is an extremely small radius, many orders of magnitude smaller than the estimated size of the neutron: 10"° m,

but this should not be a problem for the calculations because the neutrino will traverse the required distance
without encountering any obstructions. Using now the graph in Figure 5 or Equation 17 the time for the neutrino
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test mass impact when the central mass radius normalized to the Schwarzschild radius is set equal to: 0.003113975,
is calculated to be:

F(0.003113975) =881.53s 19)

This is a typical lifetime that is experimentally measured for a neutron (Paul, 2009). It is thus possible to conclude
that the size of the central region of neutron normalized to the neutron Schwarzschild radius is equal to:
0.003113975. This is not an unreasonable value, which can indicate that there is indeed some structure there. It can
also be concluded that the approximation of elementary particles as point particles is reasonable, because the
natural radius that is on the order of 10"% m is really small. Nevertheless, the new MTG metric seems to provide
an interesting tool to study this region of space-time. It is thus also reasonable to consider that all elementary
particles that have the central mass regions smaller are relatively stable in our cosmological timeframe and when
nuclei grow in size and the corresponding central region size exceeds a certain limit, they become unstable and
disintegrate.

A possible support for this hypothesis comes from the interesting measurement of nuclear decay rates and their
variation in time that shows a strong correlation with the Earth-Sun distance (Jenkins et al., 2008). The Earth-Sun
distance affects the Sun’s gravitational potential at the Earth’s orbit and this in turn affects the time of fall within
the Schwarzschild region of space-time of nuclei. The reason for this effect is the gravitational mass dependency of
any mass on Earth on the gravitational potential of Sun according to the relation:

m, =./g,m, (20)

This formula was derived earlier by Hynecek (2005). The variation of the gravitational mass of nuclei affects their
Schwarzschild radius and thus the time of fall as described by Equation 17. Another possible explanation could be
related to the variations in the flow of neutrinos radiated from the Sun.

It is also reasonable to consider that all the particles in the universe will eventually disintegrate given enough time.
5. Model of the Electron Charge

As it was shown in the previous section, modeling of the neutron lifetime by a finite size structure located in the
Schwarzschild region seems quite reasonable. This approach can thus be extended to also model charge of an
electron. For example, it can be considered that there is a structure near the central region that vibrates and is
producing the electromagnetic (EM) field. However, the time rate as observed from the outside is so slow that
these vibrations appear as a constant electric field. The formula for the frequency as observed by a distant observer
normalized to the internal proper frequency of electron is thus simply as follows:

—R,

,(p) = v, 1)

The graph of this dependency is shown in Figure 6. It is thus quite possible that the normalized frequency of EM
field oscillations on the order of 10"°°Hz is perceived as a constant field appearing as generated by charge. The
similar equation also holds for the radial speed of light, which follows directly from the metric in Equation 1 by
setting the metric line element ds to zero:

-R,

c,(r)=ce”"” (22)

This concept would thus be consistent with the claims of Quantum Electrodynamics that photons as a propagating
EM field can be viewed as an exchange force quasiparticles between electrons, because this is the same field. The
author hopes that the further study of this region, including its rotation, will eventually lead to quantization and
perhaps also to the resolution of mystery of the fine structure constant. This study, however, is deferred to the
future.

The structures near the center of the Schwarzschild region were not specified in detail in this paper, but can be, for
example, some form of strings. The metric in Equation 1 is suggesting this form, because for a small physical
radius the surface area of the sphere that this metric describes is significantly contracted and the metric results in a
space-time that is essentially transformed into a structure with only one time and one spatial dimension.
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Another possibility is that the central structure can be a very massive shell located near the mass equivalent
physical radius. However any further discussions of details of this region at this time are just speculation, because
there is no data available for the support or falsification.

The one thing is clear, however, that the electron cannot be composed of only photons or only an EM field, because
it is necessary to also have a massive structure near the center of the Schwarzschild region that vibrates and
provides the rest of the gravitational mass. This is consistent with the present understanding of quantum physics
and what is thought the electron actually consists of.
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Figure 6. The graph of dependency of the frequency observed by a distant observer and normalized to the proper
frequency generated by a vibrating structure within the Schwarzschild region as a function of the physical radius

6. Conclusions

In this paper a spherical region of space that is bounded by the Schwarzschild radius was investigated. This was
possible because the metric that describes this space-time does not have the Event Horizon and the BH
pathologies. The metric details including the Christoffel coefficients, the Riemann and Ricci tensors, and the
Ricci scalar were also provided, which enabled the detail study of this region. It was found that in a certain finite
region of this space-time the time, as observed by a distant observer, slows down so much that it is possible to
explain charge of an electron as frozen vibrations of EM field. The same effect has also been used to explain the
long neutron lifetime and the stability of other elementary nuclear particles. The experimental support for the
theory was obtained from the measurement of nuclear decay rates and their correlation with the Earth-Sun
distance.
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