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Abstract From analysis of light geodesic along the radial direction, an infinite time for
light passing through the event horizon of the black hole seems to be an unreasonable
physical solution. The same situation is also for the massive particle. To compress all
particles to a singularity also causes another energy conservation problem because the
black hole is evolutional from a star which only has finite mass-equivalency energy. A
discussed case about shrinking 10%° Coulomb electrons into a sphere with the radius
less than 1 m is theoretically impossible and it also reveals that the singularity in the
black hole is unreasonable due to finite energy in the universe. From the viewpoint of
the gravitation self-energy, we also deduce that the black hole have a finite-size nucleus.
Then the black hole with finite-size nucleus is proposed and satisfies the gravitational
criteria of the black hole. According to the successful theorem of the asymptotic
freedom in the strong interaction, several possible structure models are considered in
the high-density quark matter phases. Next, using the Kerr-Newman metric, light
propagating along the radial direction demonstrates finite speed forwardly and
backwardly at any position larger than the Schwarzschild radius and no mathematical
singularity at r=0 and 6=n/2. This fact reveals that light can propagate from the outer
space into a black hole and vice versa. The proposed structure model for the black hole
is either rotational or charged and its nucleus can have strong magnetic dipole that
causes the relativistically charged mass ejection from the black hole as happened in
GRS 1915+105 and Galaxy M87. In thermal equilibrium, the nucleus of the black hole
should have temperature higher than the average universe temperature. The entropy
increases and the second law of thermodynamics should be still useful.
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. Introduction

Through the astronomical observations, some candidates of the black holes were
found and they exist with heavy mass in some space. The mass of the black hole
produces the great gravity to affect neighboring stars and planets. We can use our
mathematics and physics based on General Relativity to describe the movements of the
bodies or particles till to the event horizon of a black hole in the present knowledge.
What would be in the inner of the black hole is still unknown although the concept of
the singularity has been proposed for a long time. However, shrinking all mass to a
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singularity gives rise to some questions. As we know, there are four interactions existing
in nature: the strong interaction, the electromagnetic interaction, the weak interaction,
and the gravitational interaction. When the gravity does the work to shrink all mass to
a small region, it also transfer energy between these interactions. So we might ask: does
the gravitational force of a supermassive ended star have enough energy to compress
all particles to a point? According to the Einstein’s mass-energy equivalence, it seems
to tell us the maximum useful energy for Gravity equal to the mass Msyn Of a star times
the square of the speed of light in free space c, that is, Msunc%. The singularity including
all mass and all charges there seems to be an un-physical phenomenon. It makes another
scientific question: how much energy can achieve this phenomenon? Does all mass
have to gather at this singularity so that a black hole forms? Based on these questions,
it causes the curiosity to think about the reasonable structure inside a black hole. We
use several viewpoints including the light geodesic inside the black hole and the ability
of size reduction of an atomic nucleus in Quantum Chromodynamics (QCD) to discuss
this problem and propose three models for the possible inner structure of the black hole.
By these structure models, the relativistically massive ejection from the black hole can
be explained.

1. Analysis Of The Speed OF Light At The Black Hole

First of all, the existence of the photon in or out the black hole is a good starting
discussion to gradually build our structure model. According to the Generalized
Uncertainty Principle (GPU), the photon has possibility to exist in a region larger than
a black hole [1]. This kind of photon has very long wavelength and a corresponding
much low energy. The position uncertainty of the photon is about 2Rs where Rs is the
Schwarzschild radius of the Schwarzschild black hole. This photon has possibility
inside the black hole or outside it. However, this quantum description is not so satisfied
because it lacks the concept of trajectories for massive or massless particles as the basic
description in General Relativity. It might cause confusion whether photon can leave
away from the inner of a black hole or not?

However, theoretically speaking, the reversibility of light should predict that light
can enter a black hole and come back along the same geodesic if there is a mirror inside
the black hole to normally reflect it back to the original geodesic without considering
any change on the event horizon. But this phenomenon seems to be forbidden by the
nowadays theory of the black hole. Does the gravity of the black hole really block it
returning back to the universe? Furthermore, we might ask why only the gravitational
wave can escape [2] but light cannot leave away the black hole? A way to check it is to
consider the propagation process of light entering into the black hole at the polar point
and forwarding to the singularity, and the light geodesic is on the radial direction where
the origin of the coordinate is at the center of the black hole or the singularity. When
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light propagates toward the singularity without any absorption, light will pass through
it and propagate continuously toward the event horizon at the other side. The energy of
light should keep the same value as it enter into the black hole. Will this geodesic stop
at the event horizon finally?

Next, let’s use the Schwarzschild metric to further discuss the propagation of light in
the black hole. The Schwarzschild metric [3-8] for a black hole of mass M is

-1
ds? = —c? <1 — ZiM) de? + <1 — ZiM> dr? +r2d6? + r2sin®0d¢?, (1)
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where G is the gravity constant, ds is the invariant interval, t is the coordinate time, r is
the radius coordinate, 6 isthe polarangle,and ¢ isthe azimuthangle. The coordinate
time in a gravitational field is the time read by the clock stationed at infinity because
the proper time and coordinate time becomes identical [3]. Considering a case that a
particle of mass m starts freely falling at a place ro with initial velocity zero, then the
spending time t when it reaches the place r is [4]
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Where Rs=2GM/c? is the Schwarzschild radius. It shows that massive particles will
spend infinite time at r=Rs. The radial speed of light also shows similar result. The
geodesic of light obeys ds?=0, then we have the speed of light v; at the black hole [5-8]
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It is obviously that the radial velocity is zero at r=Rs. The Schwarzschild metric
indicates that light as well as other massive particles will spend infinite time at r=Rs by
an observer in a reference frame far away from the black hole like on Earth. This
observer will not see any particle or light really absorbing by the black hole no matter
spend how much the universal time, and it results in a phenomenon that the particle
never reach the singularity to induce the whole gravitational field rearrangement of the
black hole. So can the observer see the expansion of the black hole because the
absorption never happens observably? If the observer can investigate the expansion of
the black hole, the phenomenon will violate causality. Although some reference
explains that it is only a finite interval of proper time in a reference frame moving with
the particle [4], however, the astronomical observations have never shown an
absorption event by a black hole spending infinite time. So this problem causes another
curiosity question: is the Schwarzschild metric really suitable for describing the



movements of all particles close to or inside the black hole? If everything stops at the
event horizon, how does the supermassive black hole [9] possessing mass several
billion times as much as our sun come?

Let’s think about the spending time for a particle traveling from the event horizon to
the singularity. Here just using the logical deduction to discuss this phenomenon.
Considering the situation before the formation of a black hole, every particle falling on
the surface of the star spends finite time in the Earth’s frame. Similarly, the particle
falling into the black hole from the outer space to reach the singularity should also
spend finite time. An observer in a reference frame far away the black hole like on Earth
shouldn’t see a lot of particles and bodies resting on the event horizon and more and
more accumulation taking place there. On the contrary, the observer finds out the
particles and bodies indeed passing through the event horizon into the black
hole as the absorption of the accretion cloud around a black hole. Then in the following
time, the observer discoversthe real change of the Schwarzschild radius or
gravitation because of the occurrence of the absorption. It reveals that the
Schwarzschild metric giving infinite time for one happening at the event horizon is not
appropriate to describe light and the massive particles passing through the horizon
event into the black hole. It should satisfy the actually astronomical phenomena.

Actually, the event horizon of the black hole is just a conceptual boundary between
the black hole and the outer space. This boundary is determined by the mass, charges,
and rotation of the black hole. Furthermore, we check the speed of light calculated in
the Schwarzschild metric again. Except for the problem of the radial speed of light vy =
0 at r = Rs, EQ. (3) shows that it becomes an imaginary value when r is less than the
Schwarzschild radius. Especially at the singularity r=0, the absolutely radial velocity
of light is infinite. This is an un-physical description for light. Other problems of
singularity in the black hole have also been discussed in other reference [10]. Should
light have infinite speed in the black hole? Is it because we misunderstand the solution
of general relativity and think it all physics not applicable in black hole which needs to
find new physics?

IIl.  The Non-Singularity Structure Of The Black Hole Based On The
Coulomb’s Interaction

Next, the Coulomb’s interaction is used as a proof that it is unreasonable for the black

hole having a singularity inside it. The self-energy of a realistic charged sphere with

radius R in the electrostatics has been a standard example or discussion in some

electromagnetic textbooks [11,12]. It contains N charges particles where each particle

has the basic electric charge e. For a homogeneous distribution case, the self-energy is
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where Ke is the Coulomb’s constant and Q=Ne is the total charges in the sphere. The
reference potential is assumed zero at infinity. Eq. (4) considers all electrons static with
zero kinetic energy. Then we further consider the quantum effect for the relativistic
Fermi electrons at T=0 K [13,14], and the total energy is

3K,Q? N4/3hc< 9 )1/3

Here the Fermi energy is much larger than the rest energy of an electron. Some small
corrections of the many-particle effect can be ignored. The first term dominates when
N satisfies the condition
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This condition is very easy satisfied because 1 Coulomb electrons includes 6.25x108
electrons. It also means that when we discuss the total energy of the charged sphere,
Eq. (4) is approximated enough.

According to the above discussion, the case, a charged sphere of the radius 1 m
containing 10%° Coulombs, is considered. The self-energy or the work done to form this
charged sphere approximates

3(8.987 x 10°)(1039)?
self = g 1

= 5.3922 x 10%° J. (7)

The Coulomb’s law still works at the length scale of 10”7 [15] to 5x10%" in nucleus [16]
so this case is still reasonable for discussion. The solar sphere with mass Mo=1.99x10%
kg has about 9x10% electrons or 1.442x10% Coulombs, and 10%° Coulomb electrons of
it only occupy 7x107°. Its mass-equivalency energy is

Mgc? = (1.99 x 103°) x (2.998 x 108)? = 1.789 x 10*7 J. (8)

It means that converting all mass of the sun into energy still cannot shrink 7x107° of its
total electrons into a sphere with the radius of 1 m. At most, the sun can exhaust all its
mass-equivalency energy to shrink 1.72x10° Coulomb electrons into this sphere. What
is the meaning of 5.3922x10%° J in Eq. (7)? Several estimated mass of the observable
universe have been proposed [17-19]. The average mass-equivalency energy of the
observable universe is 1.305x107° J. The work done to shrink 10% Coulomb electrons
into a sphere with the radius of 1 m exhausts 40% of the mass-equivalency energy from
the observable universe. When the number of electrons is twice, the work exceeds the
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total energy of the observable universe. Theoretically speaking, we cannot shrink
2x10%° Coulomb electrons into a spherical region with the radius less than 1 m even use
all the observably universal energy.

When we consider the supermassive black hole [9] in M87 possessing the mass of
2.4x10'2 Mo. Such the black hole absorbs a lot of things and is easily charged. When it
is charged 2x10%° Coulomb electrons, 2.38x102* of the total mass of the black hole,
those electrons cannot be shrunk to a spherical region with the radius less than 1 m even
all the universal energy are used. In this case, the singularity is meaningless in the black
hole. According to the above discussions, the black hole has a finite-size nucleus.

In addition, both the black hole and the big bang theory use the same concept of
singularity. However, the former has the event horizon forbidding everything escaping
from it, and the later gives a picture that universe is expanding without the event horizon
even the gravity in the beginning was much larger than any black hole we have found.
Actually, the big bang describes the universe like a supermassive black hole in the
beginning. If both theories exist, we can ask why the initial universe expanded and a
lot of things can cross the event horizon until nowadays?

IV.  The Viewpoint Of The Reducible Baryons For The Black Hole

As discussed in Introduction, a star of mass M with the mass-equivalency energy of
Mc? can offer itself gravity using so much energy to do work and compress the massive
particles in a space smaller than the original star size. As we know, the gravitational
potential energy is proportional to 1/r. For a singularity, the infinite large gravitational
field as well as the gravitational potential energy at r=0 is unphysical and unreasonable.
The formation of a black hole is believed that the heavier star cannot proceed the
nuclear fusion so the explosion of a supernova causes its nucleus much denser and
shrink to a smaller space. Finally, a case of the non-rotational and uncharged black hole
with a Schwarzschild radius is formed. From the viewpoint of the physical mechanism,
once the force equilibrium reaches, then it makes the dense body keep at certain size
and stop shrinking. During the shrinking process, it needs gravity to do a lot of work
against the strong interaction and the electromagnetic interaction, and at most uses the
maximum stored energy, or the mass-equivalency energy. Reasonably speaking, as
long as all mass within a region smaller than the Schwarzschild radius for this kind of
the black hole, its gravitation outside of the event horizon is fairly enough to reach the
gravitational criteria of a black hole.

In order to check this possibility, the density of our sun is used as an example to
estimate what situation makes its mass gathering within the Schwarzschild radius
without becoming a singularity. As we know, the average density of our sun is 1.409
g/cm?, and 92.1% of the sun is hydrogen atom and 7.8% is helium atom [20]. Using



this information to calculate the average atom weight, it is about 1.233 and there are
average 6.94x10% molecules per cm®. The average volume for a hydrogen atom or
helium atom is 1.44 A 2. The charged radius of the proton is about 0.84~0.87 fm [21]
and it is almost the same order for a neutron. The average atomic radius is about 8.0x10*
times larger than that of the nucleus and the most of the space in an atom is empty.
Those empty space can fill more nuclei under strong gravity theoretically. It make us
think about a situation that all nuclei contact each other very closely similar to the
neutron star, and what is the radius of the sun? Here we don’t consider any nuclear
fusion and just think about the possibility of the useful space. The original radius of the
sun is Reun = 6.96x10° km [21] and that of above crowded situation is about

Rreduced = 696X105 / 80X104 km =8.70 km, (9a)
when the radius is reduced 8x10* times. The Schwarzschild radius of the sun is
Rschwarzschild = 2GMsun/c? = 2.95 km, (9b)

where Msyn is the mass of the sun, and c is the speed of light in free space. Rreduced and
Rschwarzschild are at the same order. It implies that it doesn’t need to shrink all mass to be
a singularity but just make all the nuclei more crowded to reach the gravitational criteria
of the black hole. A proton is consisting of three quarks it has some flexibility to change
its size by the strong gravity. The pressure produced by the strong gravitational force
on a proton can cause three quarks closer, and the work done by the gravity makes more
energy store in the gluon field. From the comparison of the value in Eq. (9a) with the
value in Eq. (9b), all the atomic nucleus only reduces its radius 3~4 times or increases
its density 27~64 times enough to matches the gravitational criteria in the region out of
a black hole. Recently, the charge densities of the neutron and proton were proposed
[22], and the compression of neutrons and helium atoms under extreme pressure has
been studied [23,24]. As we know, both proton and neutron are baryons. The
deformations of baryons is possibly to be a much denser package. When considering
the possible face-centered cubic package for piling up baryons, it shows that there are
about 26% empty space. When all these space is occupied, the minimum value for the
criteria for producing a quasi black hole is no more than 20 times the uncompressed
baryon density in our demonstrated case.

We may ask that is it still stable for a proton or a neutron when their sizes as well as
the distance between two quarks are reduced 3~4 times? According to the asymptotic
freedom in the strong interaction [25-27], the interaction becomes weaker when the
distance between two quarks becomes shorter. It shows that the quark matter phase
would exist at very high density. The dense quark matter has been studied on the
compact star with mass in the range 1.3~1.6 Msun and radii 8~11 km [28]. The different
density of the baryon performs different quark matter phases [29,30]. When the density



of a baryon is roughly less than 10* times as large as the original one, it would be in the
nuclear superfluid phase [29]. When the density is about 10! times even more, it would
be the quark-gluon-plasma phase, the non-color-flavor-locked (non-CFL) phase, or the
color-flavor-locked (CFL) phase, and those phases are also related to temperature
[29,30]. During the mass shrinking process, energy is transferred from the gravitational
interaction to the strong interaction and the electromagnetic interaction, and this process
stops when the force equilibrium reaches. So physically speaking, the reduction of a
baryon or a nuclear size needs gravity to do more and more work and, in fact, to shrink
all particles to a singularity needs an infinite energy. We might ask: where to get the
infinite energy?

V. The Viewpoint Of Energy Conservation For The Black Hole
Physically, the formation of a black hole obeys energy conservation, so it exists the
following energy relationship at least

Ugstar + Uestar + Urotstar + Umech,star — (Ug,black + Ue black + Uratblack + Umech,black)
= AE + Amc?. (10)

In Eq. (10), the electric energy, the gravitational energy, the rotational energy and other
mechanical energy are Uestar, Ug,star, Urotstar 8N Umechstar fOr @ star, respectively, and
Ue black, Ugblack, Urotblack and Umech plack fOr a black hole, respectively. The terms in the
right-hand side of Eq. (10) are the change of energy AE in the atomic scales, and the
energy loss Amc? in terms of massive or massless particles, or light radiating to the
universe. According to it, the singularity with a lot of mass and charges is un-physical
solution and all mass as well as energy might be almost lost before compressing it to a
singularity.

For example, considering a supernova with average density p, radius R, and mass
M=4/3rnpR>. Its classically gravitational self-energy is

3GM? 16
5R 15

Gm?R5p2. (11)

Now, suppose the explosion of this supernova losses its mass and the remainder mass
is M/a with a > 1. Relativistically speaking, the released energy is (1-1/a)Mc? from
this explosion and the rest mass can obtain this energy from the explosion at most.
Actually, there is always some part of energy radiated in electromagnetic wave or
massive particles, etc. The obtained energy can do work to compress the rest mass and
result in much higher density. Finally, the radius and density become R’ and p'.
However, the strength of the strong interaction is about 10% times as large as the
gravitational interaction, and almost all the obtained energy for the rest mass are used
to do the work for the strong interaction. The high density is the factor that the particles



such as the proton or neutron are compressed and the increase of the gravitational
energy is very tiny, so the classically gravitational energy is smaller than that before
the explosion or compression. Then we have

16 R'°p'? 16
— Gn? < —Gm?R5p?, 12
15°° gz 1500 (122)
or
R 5/2
p<a (ﬁ) p. (12b)

From Eq. (12b), it shows the upper limit of the final density p’ dependentonR, p, «,
and R'. The more mass losses, the higher density could be. However, even R’ = 0,
p' is still finite in Eq. (12b).

We further consider the situation after formation that the black hole absorbs a lot of
massive things and increases its total mass to M with B>0. The radius and density
are R" and p". Similarly, as the reason in Eq. 7(a), it gives

%GnZR’Gp”Z < p? %anRS Z, (13a)

or
5/2

o' <B(z) p (13b)

The choice “<” is the reason that some energy such as electromagnetic wave can radiate
to the outer space during the absorption. Both Egs. (12b) and (13b) have the same form
and result in the same conclusion. So R'>0, R"’>0, and both p’and p'’ are finite for
the black hole that further supports our model. The black hole should have a finite-size
nucleus.

VI.  The Proposed Possible Structure Models

Although the upper mass limit of the neutron star has been obtained by considering
the balance of the pressures between gravitation and the degenerate neutrons at T=0 in
1940s [7,16], it lacks the very important consideration of the strong interaction and the
quark model developed in 1964 [31]. Actually, the fore and potential are complicated
is abundant and. The deeply inelastic scattering experiments [32,33] revealed the
existence of quarks in the inner of the proton or neutron whose binding energy is much
larger than the Fermi energy of the degenerate neutron gas. Recently, the experiments
[34] revealed the pressure at the center of a proton is as high as 100 decillion Pascal
(10%), which is 10 time greater than the pressure in the neutron star. The so strong
pressure inside the proton indicates that the proton have much capability to bear large



pressure from gravity and the collapse becomes a doubtful point. According to this, we
have to re-think about the inner structure of a black hole. Furthermore, in Sec. Il it has
discussed that the black hole reasonably has a finite-size nucleus, not a singularity.

In the following, three possible structures of the black hole with a nucleus are boldly
proposed. As we know, the surface temperature of a star is usually several thousand K
and its core temperature is at least several million K. When *®Fe is produced in the core
region, so high temperature has very possibly made *°Fe completely ionized and
gradually a lot of *®Fe nuclei gather in the core region. Above the core region, there
should be other materials such as neutrons, hydrogen, helium ...etc., to cover it and
also protect the *°Fe nuclei from the interaction with negatively charged particles like
electrons. Because proton can quickly transfer to neutrons due to the interaction with
electrons, there should be some layer like neutron for protecting *°Fe nuclei. Due to this
protection, a lot of *®Fe in the core region can sustain for a very long time. Or there is
the other possibility that almost all protons in *°Fe nuclei transfer to neutrons because
of interactions.

After formation of a black hole, its deeper region of the nucleus originally comes
from a lot of *®Fe nuclei in a fairly high density, and those protons and neutrons in *°Fe
are in the ultra-high density quark matter phases. Even all *®Fe nuclei can possibly mix
each other to become some special or unknown macro matter. Those quark matter
phases start from the superfluid or the quark liquid phase to the non-CFL phase [29,30].
Furthermore, as the pressure continuously increases from the surface to the core, the
density of these baryons can exceed the critical value and they would become the CFL
phase [30] in the much deeper region till to the core region of the nucleus in the black
hole. Simply speaking, it is from the high-density quark matter phase to the super ultra-
high-density quark matter one. According to the early research of the compact stars [28],
it has mentioned the inner structure of the CFL phase for this kind of star. Usually, the
phase diagram of quantum chromodynamics (QCD) is shown in terms of the baryon
chemical potential i, where i is proportional to the cubic root of the baryon density d.
The range of the CFL phase [29,30] can cover the above mentioned value 27~64, so it
is reasonable to propose the finite-size nucleus model for the black hole with the CFL
phase in the deeper inner region of the nucleus of the black hole with total mass roughly
equal to our sun.

When we focus our attention from the inner region of the nucleus to the place above
this nucleus, it possibly exists the quantum phenomena for small charged or uncharged
particles. We don’t have to think all particles falling down on the nucleus of the black
hole like the binding electrons around an atom. There is an advanced possible structure
model that a lot of negatively charged particles moving around the nucleus on orbitals
and existing mainly close to the surface of the nucleus. Except for the negatively
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charged particle, the positively charged particles also have their orbitals. The positively
charged particles are repelled by the electromagnetic force but attracted by the
gravitational force due to the strong gravity. Their orbitals mainly exist a little far away
from the surface of the nucleus. Except for these two kinds of charged-particle orbitals,
the charge-free particles can also have the third orbitals purely attracted by the
gravitational force and these orbitals may spread broadly. Recently, a concept of the
Bohr-like black holes has been proposed for considering the orbitals of the particles like
neutrons using gravity as an attractive force [35].

To sum up, the above descriptions make the whole black hole like a very big atom
with a nucleus consisting of matters from high-density quark matter phase to super
ultra-high-density quark matter one as shown in Fig. 1(a). These negatively charged
particles form a very dense cloud and positively charged ones form another one with a
larger radius. These two dense clouds may have some overlaps that might be unstable
and easily causes the positively and negatively charged particles disappear or become
neutral. Then all the charge-free cloud distributes mainly between these two charged
clouds. In this structure model, the charged particles from the outer space can also
continuously occupy some empty orbitals of the black hole. The total charges Q in the
black hole can be fluctuated in time.

The second possible structure is shown in Fig. 1(b), where the main constituents in
the core region as Fig. 1(a) with a nucleus from high-density quark matter phase to
super ultra-high-density quark matter one. The difference between the first and the
second structures is the negatively and positively charged clouds disappeared. There
might exist a thin charged-deposition region in the buffer layer close to the surface.
They can absorb the charged particles from the outer space, so this buffer layer have
unstable charges. Furthermore, this kind of buffer layer might be eventually divided
into several layers and alternatively appears with different electrical characteristics. The
total charges Q of this black hole can be varied in time.

The third possible structure is shown in Fig. 1(c) where the main constituents are
originally from neutrons but here it has much higher density than the neutron star. It has
been pointed out the range of the quark matter phase for the neutron star on the phase
diagram of QCD [30] at low temperature. So this kind of the black hole is similar to the
neutron star and becomes denser as the CFL phase [29,30]. This structure can absorb
positively or negatively charged particles resulting in average charge fluctuated in
time.

In the above structure model, the black hole can possess intrinsic magnetic dipole
from its nucleus and exist the North and South poles as the most planets and stars. This
magnetic field from the nucleus of the black hole can cause the high speed plasma near
the poles outside the black hole give rise to the phenomenon similar to the coronal mass
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ejection (CME) [36]. The observations of the relativistic jet from high-speed rotational
GRS 1915+105 [37,38] or Galaxy M87 [39-42] radiated the polarized electromagnetic
waves [43] that can be explained from the accelerated electrons in an axial magnetic
field where the motions of electrons performed helical trajectories with a gradually
increasing rotational radius along the axis within a small conical angle [44]. The total
fields combine the magnetic field of the black hole and that induced by the
relativistically charged particles. This mass ejection extends five thousand light years
at least and the small polar angle 6~7 degrees is observed at a distance of 37.5 light
years (12 pc) from the source [41]. This phenomenon means that the axial magnetic
field is very strong for the relativistically moving particles. This strong magnetic field
is reasonable from the supermassive black holes in the centers of GRS 1915+105 and
Galaxy M87, respectively.

Positively charged cloud

High-density
quark matter phase

Negatively charged cloud

Super ultra-high-
density quark
matter phase.

Main constitution

original from

Neutrons.

Super ultra-
high-density
quark matter

Super ultra-
high-density

quark matter

phase phase

Neutral cloud

(a) (b) (©)
Figure 1. (a) The nucleus of the black hole is mainly consisting of materials the from high-
density the quark matter phase to super ultra-high-density quark matter phase. It is surrounded
by small negatively and positively charged particles as well as neutral ones to form a structure
like a very big atom. The totally charges Q are fluctuated in time. (b) The nucleus of the black
hole still contains materials from high-density quark matter phase to super ultra-high-density
quark matter phase. Its total charges Q is fluctuation in time. (c) The nucleus of the black hole
is mainly consisting of neutrons from high-density quark matter phase to super ultra-high-
density quark matter phase to form a basic structure. The total charges Q are fluctuated in time.

VII.  The Speed of Light In The Kerr-Newman Black Hole
Next, we discuss the propagation of light at the black hole. To avoid the un-physical
problems in Sec. Il, the Kerr-Newman metric is considered here for discussing light
propagation in the black hole. The Kerr-Newman metric [45] in the spherical polar
coordinate (r, 6, ¢) with the coordinate time t is
. 1 p?
ds? = —cz(A—azstH)?dt2 + Kdr2 + p2do?

sin%6
pZ

—(Aa?sin?6 — (r? + a?)?) d¢?
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sin?

n
p2

—2ac(—A+ (r? + a?)) 6 dtde, (14)
where a=J/Mc with J the angular momentum of the black hole, p? = r? + a?cos?8,
A=71%>—rRs+a*+ R}, and R§ = KQ?G/c* with Coulomb’s constant K. As
mentioned before, the coordinate time in a gravitational field is the time read by the
clock stationed at infinity because the proper time and coordinate time becomes
identical [3]. When we only consider the situation that light is normally incident on the
black hole, the geodesic can be straightly toward the center of the black hole. Similarly,
the geodesic of light is ds?=0 and it has been used to deduce the velocity of light in the
Schwarzschild metric by an observer at infinity [5-8]. Supposing light only along the
radial direction, the expression of the radial speed v, = dr/dt of light deduced from Eqg.
(14) is

dr\? —rR¢s + R3 a®sin%6 — rR¢ + R?
vﬁ:<a> =c2<1+%><1+ e > Q). (15)

In Eq. (15), it is clear that when r>Rs, the radial velocity is real and non-imaginary
everywhere no matter how a and Rq are, that is,

dr v (14 —7Rs + R§ - a?sin?6 — rRs + R 6
VU = i +c 2 2 . (16)

The speed of light is finite when r>Rs and the two signs of the radial velocity v, mean
that light can propagate into or away from the black hole even the event horizon is at
r>Rs. Then the ratio of the speed at the pole to the equator at r=Rs is calculated as

a\"? 1
Speed ratio = <1 + %> — | 17)
1+ R_g

The ratio of the absolute velocity of light at the poles to the equator varied with Ro/a
and Rs/a is shown in Fig. 2. The ranges of both Rg/a and Rs/a are between 0.01 and
1.00 and the interval is 0.01. Because the time dilation exists in Eq. (14), only Rs>Rqo
is reasonably considered. The results reveal that the speed of light at the equator is about
25 times as large as that at two poles when a>>Rq and a>>Rs in our calculations.

In addition, there is a singularity for the Kerr-Newman metric at r=0 and 6=x/2
which is needed to check in this finite-size nucleus model. From Eq. (15) or (16), the
denominator shows a singularity at r=0 no matter what the value a is at 8=z/2. When
we look at the numerator, a and Rg terms are kept. In this finite-size nucleus model,
light experiences a=0 and Q=0 even no gravitational force at r=0 so the speed of light
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at this point is dr/dt=c. It is independent of the propagation direction at this point and
more important, the spacetime structure is flat at this point. All those are the advantage
of the proposed finite-size nucleus model. Furthermore, the black hole usually inherits
the part of the angular momentum from the previous star so |a|>0 should be a common
case in the universe.

The black hole can have no rotation, however, it is not easy to sustain because of the
impacts by particles on the nucleus of the black hole and the inheritance from the part
angular momentum of the previous star. The rotational nucleus of a black hole with
charges can produce additional magnetic field parallel or antiparallel to its intrinsic
magnetic field. So adding negative charged particles may change the rotational speed
as well as the magnetism of the nucleus of the black hole. It possibly causes the
rotational speed slow down. Eq. (15) or (16) also tell us a very important fact that light
can have finite speed at r>Rs even passing through the event horizon from the inside of
a black hole to the outer space. So the Kerr-Newman metric is an appropriate one to
describe the black hole in our structure model without any correctness and it avoids the
singularity at r=0. In addition, the electromagnetic energy can be shared in the interior
as well as the exterior of the Kerr-Newman black hole [46] and seems to tell us that
electromagnetic energy can flow between the interior as well as the exterior. We use the
radial speed of light to clearly explain why electromagnetic energy is shared because
light can propagate from the outer space to the inner of the black hole and vice versa.

The ratio of the light speed at the equator to the pole

10 00

Figure 2. The ration of the absolute speed of light at the equator to the pole at r=Rs. It is the function of
Rof/a and Rs/a and both ranges are between 0.01 to 1.00 with interval 0.01. The ratio of the light speed is
as large as 25 times when a>>Rq and a>>Rs in our calculations.

VIIl. The Second Law of Thermodynamics In The Kerr-Newman Black Hole
Next, the temperature of the black hole as well as the total change of the entropy
are discussed. Because light can propagate from the inner of the black hole to the
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universe, it means the thermal equilibrium with the universe can be reached. The
temperature of the universe is Tuniverse and it is also the environmental temperature for
the black hole where K is the Kelvin degree. After the formation of the black hole, its
nucleus cools down gradually and the temperature changes from high to low. Finally,
the temperature T of a black hole measured by an observer in a reference frame far away
from it is close to Tuniverse In thermal equilibrium. The radiation spectrum of the black
hole is mostly close to the universe and is not easily distinguished from the universe by
investigating the radiation spectrum. The black hole at different temperature T releases
the heat §Q(T) to the environment from the initial temperature To to the final
temperature T=Tuniverse. The environment is the universe at an average constant
temperature Tuniverse and the total change of the entropy As is

1 Tuniverse Tuniverse 6 T
As = —f 8Q(T)dT — f MolT > 0. (18)

Tuniverse To To T

The second law of classical thermodynamics should be still useful in our structure
model. However, due to the strong gravity, the radiation encounters gravitational
redshift and the nucleus of the black hole should have temperature higher than Tuniverse
actually. The nuclear temperature of the black hole can be approximately deduced from
its mass and the Schwarzschild radius.

After the nucleus of black hole forming in thermal equilibrium, the freedom is almost
frozen macroscopically but the phenomena due to the strong interaction as well as
others continue taking place because of the very large density. It would have some
different micro-states and the entropy is non-zero in statistical mechanics. This
structure model avoids the black hole existing a singularity such as a non-physical
description. After all, the strong interaction is about 10%° times as large as the
gravitational interaction that the gluon field has much ability to store the energy
transferred from the gravitational energy.

IX.  Conclusion

In summary, a finite-size nucleus model for describing the inner structure of the black
hole is proposed. This model describes that a black hole has a nucleus in a finite space.
On the one hand, a case about shrinking 10*° Coulomb electrons into a sphere with the
radius less than 1 m is theoretically impossible and it also reveals that the singularity in
the black hole is unreasonable. On the other hand, the asymptotic freedom permits the
baryon compressible to increase the density to super ultra-high. Furthermore, using the
viewpoint of the gravitational self-energy and the conservation of energy, we
theoretically explain that the black hole should have a finite-size nucleus. The nucleus
of the black hole with finite volume avoids the concept of the singularity in the black
hole and satisfies reasonably useful energy. After all, the star has finite energy for
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gravity compressing the mass and charge. This nucleus of the black hole can have
charges and rotate around a certain axis and more important, it can have the magnetic
dipole which causes the relativistically charged mass ejection at the poles outer the
black hole like the phenomena observed in GRS 1915+105 and Galaxy M87.

The other important thing is pointed out by the radial speed of light in the Kerr-
Newman metric that there are two real solutions existing at r>Rs no matter how large a
and Rq are. It means that light can leave away from the inner of a black hole even the
event horizon is at r>Rs. According to our analysis, the Schwarzschild metric is
inappropriate to describe the movements of particles and the propagation of light in the
black hole, and the speed of light with imaginary value or its infinite value at r=0 shows
the unphysical phenomenon. Furthermore, the most common black holes are rotational
and their charges are fluctuated in time. The temperature of the nucleus of the black
hole in thermal equilibrium is higher than the universe temperature and the total change
of the entropy is positive that the second law of classical thermodynamics should be
still useful.

Acknowledgement

Reference:

[1]. Ronald J. Alder, Pisin Chen, David I. Santiago. The Generalized Uncertainty Principle and Black
Hole Remnants. General Relativity and Gravitation 33 (2002) 2101.
[2]. B. P. Abbott et. al. Observation of Gravitational Waves from a Binary Black Hole Merger. Phys. Rev.
Lett. 116 (2016) 061102.
[3]. Richard A. Mould. Basic Relativity (Springer, 2002), p.324.
[4]. L. D. Landau and E. M. Lifshitz. The Classical Theory Of Fields. (Pergamon Press LTD., Fourth
Revised English Edition, 1975), p.309.
[5]. Bernard F. Schutz. A First Course In General Relativity (Cambridge University Press, Cambridge,
1985), p.291.
[6]. F. De Felice & C. J. S. Clarke. Relativity On Curved Manifolds (Cambridge University Press,
Cambridge, 1990), p. 355 & p.362.
[7]. Hans C. Ohanian and Remo Ruffini. Gravitation and Spacetime (W. W. Norton & Company, 2" ed.,
New York, 1994), p.445 & p.492.
[8]. Hans Stephani, Relativity-An Introduction To Special And General Relativity (Cambridge, 3™ ed.,
Cambridge, 2004), p.303.
[9]. K. Gebhardt, Joshua Adams, Douglas Richstone, Tod R. Lauer, S. M. Faber, Kayhan Gu ltekin,
Jeremy Murphy, and Scott Tremaine. The black hole mass in M87 from Gemini/NIFS adaptive optics
observations. Astrophys. J. 729 (2011) 119.
[10]. J. V. Narlikar and T. Padmanabhan. The Schwarzschild solutions: some conceptual difficulties.
Foundations of Physics 18 (1988) 659.

[11]. Walter Greiner, Classical Electrodynamics (Springer, New York, 1998), P. 31.

[12]. Paul Lorrain and Dale R. Corson, Electromagnetic Fields And Waves (W. H. Freeman And
Company, 1972), P.89.

[13]. Kerson Huang, Statistical Mechanics (John Wiley & Sons, Inc., 2™ ed., 1987), P.247.

[14]. Walter Greiner, Ludwig Neise, and Horst Stocker, Thermodynamics And Statistical Mechanics
(Springer, New York, 1995), P. 359.

[15]. J. D. Jackson, Classical Electrodynamics (John Wiley & Sons, Inc., 2". ed, 1975).

[16]. Charles W. Misner, Kip S. Thorne, and John Archibald Wheeler, Gravitation (W. H. Freeman and
Company Publishers, 1970).

[17]. Bernard F. Schutz, Gravity From The Ground Up (Cambridge University Press, 2003).

16



[18]. Masataga Fukugita and P. J. E. Peebles, “The Cosmic Energy Inventory,” Astrophysics Journal 616,
643 (2004).

[19]. Helge Kraph, Cosmology And Controversy: The Historical Development of Two Theories of The
Universe (Princeton University Press, 1999).

[20]. Solar System Exploration: Planets: Sun: Facts & Figures. NASA.
http://web.archive.org/web/20080102034758/http://solarsystem.nasa.gov/planets/profile.cfm?Obje
ct=Sun&Display=Facts&System=Metric.

[21]. Randolf Pohl et. al. The Size of a Proton. Nature 466 (2010) 213.

[22]. Gerald A. Miller. Charge Densities of the Neutron and Proton. Phys. Rev. Lett. 99 (2007) 11200.

[23]. Felipe J. Llanes-Estrada, Gaspar Moreno Navarro. Cubic Neutrons. Mod. Phys. Lett. A 27 (2012)
1250033.

[24]. Pedro Calvo Portela, Felipe J. Llanes-Estrada. Cubic Wavefunction Deformation of Compressed
Atoms. Few-Body Syst. 56 (2015) 231.

[25]. D. J. Gross, F. Wilczek. Ultraviolet behavior of non-abeilan gauge theories. Physical Review
Letters 30 (1973) 1343.

[26]. H. D. Politzer, Reliable perturbative results for strong interactions. Physical Review
Letters 30 (1973) 1346.

[27]. Franz Gross, Relativistic Quantum Mechanic and Field Theory (John Wiley & Sons, Inc., 1999), p.
578.

[28]. M. Alford. Dense quark matter in compact stars. J. Phys. G: Nucl. Part. Phys. 30 (2004) S441.

[29]. Kenji Fukushima and Tetsuo Hatsuda. The phase diagram of dense QCD. Rep. Prog. Phys. 74 (2011)
014001.

[30]. Mark G. Alford, Andreas Schmitt, Krishna Rajagopal, Thomas Schéfer. Color Superconductivity
in Dense Quark Matter. Rev. Mod. Phys. 80 (2008) 1455.

[31]. David Friffiths, Introduction To Elementary Particles (John Wiley & Sons, Inc., 1987), P. 37.

[32]. E. D. Bloom et al., “High-Energy Inelastic e-p Scatterin at 6 and 10, Physical Review Letters
23 (1969) 930.

[33]. M. Breidenbach et al., “Observed Behavior of Highly Inelastic Electron-Proton Scattering,”
Physical Review Letters 23 (1969) 935.

[34]. V. D. Burkert, L. Elouadrhiri, F. X. Girod, “The Pressure Distribution Inside The Proton,” Nature
557 (2018) 396.

[35]. C. G. Vayenas, S. Souentie, and A. Fokas,” A Bohr-type model of a composite particle using gravity
as the attractive force,” Physica A 405 (2014) 360.

[36]. N. Gopalswamy, S. Yashiro, M. L. Kaiser, and R. A. Howard. Coronal Mass Ejection interaction
and particle acceleration during the 2001 April 14-15 events. Advance in Space Research 32 (2003)
2613.

[37]. R. P. Fender, S. T. Garrington, D. J. McKay, T. W. B. Muxlow, G. G. Pooley, R. E. Spencer, A. M.
Stirling, E. B. Waltman. MERLIN observations of relativistic ejections from GRS 1915+105. Mon.
Not. R. Anstron. Soc. 304 (1999) 865.

[38]. B. A. Harmon, K. J. Deal, W. S. Paciesas, S. N. Zhang, C. R. Robinson, E. Gerard, L. F. Rodr iguez,
I. F. Mirabel. Hard X-Ray Signature of Plasma Ejection in the Galactic Jet Source GRS 1915+105.
The Astrophysical Journal 477 (1997) L85.

[39]. J. A. Biretta, W. B. Sparks, and F. Macchetto. Hubble Space Telescope observations of superluminal
motion in the M87 jet. The Astrophysical Journal 520 (1999) 621.

[40]. Sparks, William B., Fraix-Burnet, D., Macchetto, F., Owen, F. N. A counterjet in the
elliptical galaxy M87. Nature 355 (1992) 804.

[41]. Y. Y. Kovalev, M. L. Lister, D. C. Homan, K. I. Kellermann. The Inner Jet of the Radio Galaxy
M87. The Astrophysical Journal 668 (2007) L27.

[42]. Doeleman, S. S. et. al. Jet-Launching Structure Resolved Near the Supermassive Black Hole in
Ma87. Science 338 (2012) 355.

[43]. Uli Klein. The Large-Scale Structure of Virgo A. The Radio Galaxy Messier 87 (2007) 55.

[44]. Hans Persson. Electric Fields Along a Magnetic Field Of Force In a Low-Density Plasma. Physics
of Fluids 6 (1963) 1756.

[45]. E. T. Newman, R. Couch, K. Chinnapared, A. Elton, A. Prakash, and R Torrence. Metric of a
rotating, charged mass. J. Math. Phys. 6 (1965) 918.

[46]. K. S. Virbhadra. Energy associated with a Kerr-Newman black hole. Phys. Rev. D 41 (1990) 1086.

17


http://web.archive.org/web/20080102034758/http:/solarsystem.nasa.gov/planets/profile.cfm?Object=Sun&Display=Facts&System=Metric
https://zh.m.wikipedia.org/wiki/NASA
http://web.archive.org/web/20080102034758/http:/solarsystem.nasa.gov/planets/profile.cfm?Object=Sun&Display=Facts&System=Metric
http://web.archive.org/web/20080102034758/http:/solarsystem.nasa.gov/planets/profile.cfm?Object=Sun&Display=Facts&System=Metric
http://www.nature.com/nature/journal/v466/n7303/abs/nature09250.html#auth-1
tel:1250033
https://zh.m.wikipedia.org/wiki/Physical_Review_Letters
https://zh.m.wikipedia.org/wiki/Physical_Review_Letters
https://zh.m.wikipedia.org/wiki/Physical_Review_Letters
https://zh.m.wikipedia.org/wiki/Physical_Review_Letters

