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The Quantization of Black Holes, Lower

Mass Limit, Temperature, and Lifetime of ~ We have shown that the permittivity of space grows for a beam of light as the
Black Holes in a Simple Way. International  gravitational field increases. Also, we have derived two values for Chandra-
Journal of Astronomy and Astrophysics,
11, 1-10.
https://doi.org/10.4236/ijaa.2021.111001

sekhar limit. Using the necessity of equality of wavelengths in matching sys-
tems, we have derived the Hawking black hole temperature and evaporation

time in an easier and completely different way, and shown that mass and wa-
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1. Introduction

To basically find the lifetime of a black hole, S. Hawking has suggested (in 1974)

that space is formed of particles (or antiparticles) of positive energy and virtual
antiparticles (or particles) of equal, in absolute value, of negative energy, as Kip
Thorne mentions in his book [1] [2]. Hawking said that the immediate space to
the event horizon constantly decomposes to its real and virtual particle - anti-
particle. The virtual antiparticles (with negative energy) fall into the black hole
and the real particles escape to infinitely far from it.

According to his suggestion, those negative energy virtual antiparticles falling
into the black hole immediately get together with the positive energy real par-
ticles underneath the event horizon and reconstruct space. In this manner, the
radius of the black hole event horizon should be decreasing. Considering the

Hawking black hole evaporation time, this reduction is extremely slow. Thus,
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this model derives a time as of evaporation (or, lifetime) of a black hole. Howev-
er, we contend that the assumption of space include negative energy antiparticles
should merely be an imaginary one. Also, the gravitational field is not addressed
in this hypothesis, because as we know the space around a black hole is filled
with strong gravitational energy.

Here, we first look at the motion of a photon of light in a gravitational fields
especially, that of a black hole. Next, we will aim to remove the problem and
even not talk about negative energy particles. Also, we show agreement between
the present results and Chandrasekhar limit plus Hawking - black hole temper-

ature and evaporation time.

2. The Principle of Harmony and Light and Matter
in the Vicinity of a Black Hole

First, we postulate that two waves get to “match” and become united once they
have the same wavelength. We call this the principle “harmony.” [3] (Appendix 1)

We will show, for black holes next to their event horizon sphere the energy
(quantum) within it is made to match its gravitational field there. This matching re-
sults in the gravitational field to absorb the energy units and make the neutral space.
Eventually the energy of the gravitational field will become equal to zero also. There
will no longer remain any energy inside the shrinking black hole. This is our sug-
gested way of evaporation of a black hole. The time length measured by us (on the
surface of the earth) that the gravitational field takes to absorb M from the inside of
the event horizon sphere is actually the black hole lifetime, which we call “z,,,,,” The
advantage of this model is contrary to the assumption of negative - energy particle or
antiparticle; the gravitational field is an established experimental reality.

First, however we determine the ratio of energy, W, (ie. the energy of the
photon from the standpoint of an observer in free space and not the curved
space), while the photon is moving radially toward the sphere of radius z,
(2GM/) of a black hole, to its (the photon’s) vacuum energy, W,,. Here, G (6.67
x 107* dyn-cm’/g’) is the universal gravitational constant. The gravitational po-
tential energy, W,,, of a photon of light (of vacuum energy W) is:

th—czv === (1)

According to virial theorem this (—GMW,/Jr) is half of the energy that the
photon loses. The other half is already radiated to space at infinity or inside of
the black hole.

Although Stefano and Quattrini [4], on the basis of a not enough exact expe-
riment by NASA, for our case, deny the existence of a gravitational potential. But
more recently Alexandre Chaloum Elbeze [5] clearly talks about the effect of
gravitational field on the motion of photons.

Consequently, at any r, the total energy of the photon is:

2GMW,
th =W, - 5 . 2)
cr
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The permittivity of space is:

W,
e=—2. (3)
W,
Therefore,
W, 2GM '
E= —=>e=|1-——
W, —2GMW, /c*r r
-1/2
2GM
:nz(l— G j . @
cr

This increase in index of refraction is the reason for slowing down and bend-
ing a photon in gravitational field. Then, we can calculate the speed, frequency,

and wavelength of any incoming light. We have the following

1/2

nz%ﬁU:c(l—zciMj . (5)

cr
BoLh Xooserani-22), ©

f hf th cr
And thus:

-1/2

4:40[1-2?‘4} . %
cr

As r —r, the speed v, frequency £ and wavelength A, of an incoming
photon, respectively go to zero, zero, and infinity. Consequently, at r,, any in-
coming photon of light would have zero frequency (infinite wavelength). Ac-
cording to Equation (2), the total energy, W,, left for any incoming photon of
light will go to zero,as » —r, or:

W, (1,)=0. (8)

So, a photon of light stops existing at the Schwarzschild radius of a black hole
having zero speed and having given up all its free-space energy W,. Time stops
as r —>r, thus, the period of any photon of light goes to infinity. Therefore, no
motion is conceived inside the sphere of radius r, and the contraction of the
black hole should stop inside this sphere.

The situation is different for an incoming mass at r,. Putting the kinetic ener-
gy of the mass equal to the gravitational potential we find the speed to be equal
to that of light (¢) at r. By the time the particles of matter reach the Schwarz-
schild sphere they have radiated almost quarter of their mass (matched to the
gravitational field) and according to virial theorem the other quarter is radiated
most probably inside the system of the particle - black hole. Thus, the three

quarters of the mass join the black hole.

3. The Derivation of Minimum Mass of a Protosun and a
Neutron Star. Comparison with Chanrasekhar Limit

At this point let us derive the minimum possible value of the mass of the core of
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a star that can change to a neutron star and eventually to a black hole.

The first way we suggest to find this value is; we claim that, in order for a star
to be able to evolve to a neutron star is; at the beginning of the star’s formation
all the kinetic energy of the electron of every Hydrogen (H) atom at its ground
state, 7.e. 13.6 eV plus that already radiated (which itself is 13.6 eV) have to be
equal to the star’s self - gravitational field of the core at the surface of the proto -
star. Here we include the radiated part of the electron because this energy is
most probably saved in the other parts of the proto - star itself. In essence we
say, our requirement for a star to eventually evolve to a neutron star is that all of
the electrons collapse in its protons of the core and all of the core’s A atoms
ground state orbital electrons’ kinetic energies plus those already radiated, to be
equal to the star’s self-gravitational field (as a whole).

According to a paper by D.Ezer and A.G.W. Cameron [6] “The maximum ra-
dius of the protosun consistent with gravitational stability is 57 Ro.”

The self - gravitational energy of a spherical star of mass M is
3GM?

5

i

&)

Weerr =

Then, requiring the self - gravitational energy of core but at the surface of the
protosun to be equal to 2 x 13.6 eV times N (M, /My gr0gen) then we claim M,
would be big enough to form a neutron star [7]. Because first it is the core of a
star that survives the supernova explosion and converts to a white dwarf and
second in the beginning the core is made of H atoms.

In that case, many ground state electrons would not have any orbital kinetic
energy left and thus, ideally collapse into their protons. Therefore, there would

be all neutrons in the environment. We have:

2x13.6(1.6x10"2)h=W

Self-Gravitation

(of the core). (10)
mHydrogcn
where, W, .. is in ergs and m (1.67 x 107 g). Assuming r. =
> Self-Gravitational g Hydrogen\ -+ g) g protosun

60Ro (~4.18 x 10" cm) instead of 57 Ro, from the above two equations we have:

2x13.6(1.6x10) My _3GMq,

1.67x107*  5r

protosun

=M, =272x10%g=137M,. (11)

core

where Mo (1.99 x 10% g) is the mass of the sun. Therefore, the minimum mass
limit for the core of a star to eventually turn to a completely stationary electron -
=1.37Mo.

Second, to show an alternative way of finding the lower limit mass of a neu-

proton system is M,

core

tron star we need to declare that:

The fine structure constant a (¢/Ac = 136.77") is equal t0 (Myeciron/ T Myroton)
which is 0.51% different than a.

Under the extremely high pressure and temperature of the core it is possible

that some neutrons turn into antineutrons. Therefore, the interaction between a
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neutron and antineutron to take place or, in case of the neutron decay to hyper-
ons two neutrons are treated as two interactions of +eand -elike in the H atom.

But particles here would have the same mass. Then, the factor,

2 2 _ 2
Myeciyon/ T2 converts to m, on/ T Myeyiron = 1/

proton

The lower limiting mass of a neutron star that converts to a black hole is
found by assuming that every neutron has paired with an antineutron or,
hyperons to join each other. So the kinetic energy (quantum mechanically)
amounts to 2 (m,c/n*). This energy, times the number of the pairs in the neu-

tron star is the self - gravitational energy of the star:

2 2
mc- M ] 3GM ] M . 27
2 X 112 neutron star — neutron star = neutron star — 228 X 10
n 2rnn rneutmn star rneutron star
=>M vonsar =1.37TM . (12)

The radius of a typical neutron star is reported as between 8 to 12 km [8].
Taking the 7

neutron star

as 12 km then the lower limit value of the mass of a neu-

tron star is M =1.37M,. If the mass of the core is bigger than a natural

neutron star
number times 1.37Mo then the extra mass will be expelled to space during the
supernova explosion of the star to make the mass of the neutron star an exact
natural number times 1.37Mo. Thus, we think the mass of the black holes is
Quantized and is M = n-1.37 M.

Following Equations ((11), (12)) the average of the two limiting masses, is:
M i ser =My =137TM .

The Chandrasekhar minimum mass limit for a white dwarf that can turn to a
neutron star is M = 1.4Mo, [9] [10] which is less than 2.2% bigger than our val-
ue. When we find the minimum mass of a neutron star that turns to a black hole
in fact, we have found the minimum mass limit for a white dwarf that is able to
turn to a neutron star.

Because “time” is frozen at the event horizon of a black hole there should not
be any further mass implosion. Thus, all the pairs of neutrons - antineutrons, or
hyperons, should remain stationary or change to energy underneath the event
horizon sphere (especially) under the extremely high pressure and temperature
of the neutron star). Consequently, at this point there is no further implosion,
and we believe no mass is left but there is energy. This energy is equal to nM,J,
ie. that of the black hole. Thus, because time is frozen after the event horizon
sphere there is not any matter inside a black hole but energy. This energy is sta-
tionary and stays inside this sphere. This is our structural model for all gravita-

tional black holes of universe.

4. Wavelength of the Gravitational Field and That of Black
Hole Next to Shwarzschild Sphere. The Derivation of
Temperature and Lifetime of a Black Hole. Comparison
with Hawking Results

Now let’s calculate the temperature as well as the “ lifetime ” of black holes. We
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claim that the gravitational field and the inside of the black hole next to sphere
of radius r ; match and make the neutral space.

To get the wavelength of the gravitational field as well as that of the stationary
energy inside the event horizon sphere we proceed as follows. Looking at the
gravitational field immediate to the event horizon, it should be spherical and
should be a wave wrapped around the closed spheres of the event horizon. The
mass of the black hole in general being ni4, and referring to quantum mechani-
cal de Broglie’s principle, we claim at exactly 4nr/n (=4,) as many as 2 of A,
should exist. We put 4m (instead of 2m) here because the gravitational waves are
spherical.

Requiring that the wavelength of energy inside the event horizon sphere be
the same. The wavelength is: A, of energy inside event horizon = 4nr,/n too.
Therefore, the field immediately outside event horizon will have the same wave-
length as the inside stationary trapped energy and according to principle of
harmony match it.

For energy waves inside the Schwarzschild sphere we take E =#if and
A¢.ofe.. = . Here the A (6.62 x 107 cm®-gm/s) is Plank’s constant and the sub-
script “G-€” indicates “the Gravitational field outside and the energy inside and
immediate to the event horizon sphere. In that case f, 6 =nc/4m;,, and
E = ke /4GM . Note that, the energy inside is frozen (in time)and there is no
motion thus, no real frequency exists for this energy wave, however we accept
the equation A, f;, =c and we argue that if there was pure energy in empty
space then this equation would be valid. Later, we will show more evidence to

the validity of this assumption. Thus, the energy is w, = fic/2r, or:

h 3
T (13)

Here wy, is the energy of the black hole on the inner surface of the Schwarz-
schild sphere. Note that w, = w;.

We take the quantum of energy equal to (w0/47r)=(hc3/167tGM) Le. the
energy per squares of area 7,. on the spheres of radius r, Where M (=nh) is
the black hole mass. We put this unit energy equal to (1/2) k,7. With 4, (1.38 x
107'° erg-K™') the Boltzmann constant and 7" the absolute temperature of the
black hole. The reason for the one-dimensional factor of 1/2 (and not three di-
mensional factor of 3/2) for k,7 is that the exchange of heat between the black
hole and outside takes place on one dimensional circles (for some black holes, of
accretion disk).

Taking the quantum of energy (w;/4n) equal to (1/2)k,7 we have:

he?

Tourvaluc = 8TEGMkb ‘ (14)
On the other hand, the Hawking radiation temperature, Zi;,uing iS:
he?
Tsting = ———— - (15)
tevkine @ nGMEk,
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The 7, v is the same as T or, there is a 100% agreement between the

awking
two values. Therefore, the assumption of the inside the event horizon wave-
length being A of energy inside event horizon = 4nr, or A, = 4nr, seems reason-
able.

For M,=14M_=14x1.99x10"g=2.79x10"g , ie the Chandrasekhar

limit:

A = 4y, = T g~ 5.20x10°em . (16)
c
And ]—;ur value — Hawking is:
h 3
Tour value — THawking = < =4.39x 1078 K. (17)
8nGM k,

And for all black holes immediately bellow the event horizon the quantum of
energy is:
hc’

Wy = ~3.81x10 > ergs . 18
©46M, 8 (18)

With M (M, = 1.4Mo, the least mass of the black hole) in grams.

Immediately after its birth, the aging of a black hole starts. One unit of energy
W,o from the inside of event horizon sphere matches the gravitational field
making the space. Taking the self-gravitational energy of the black hole as that
classical value of it W, = -3GM> / SR then, at the event horizon
r = 2G(M —|W0Q| / c? ) / ¢’ note that the negative sign for W, is indicative of its
attractive nature and does not mean that this energy is negative. We have

W (at %’)z—z G(M_Wog/02)2 3 —G(M—wog/cz)2

A P TR
:>W(at rs’)z—%Mcz+%w0Q. (19)

According to virial theorem one half of (w;,)/2 gets to be radiated (perhaps
back to the black hole). Thus, the energy of the field is increased by 3(n;,)/10. In
Equation (19) we have ignored the term (w;,,)* versus A# in the numerator and
ignored the term |w;| versus Afin the denominator. Therefore, once we have an
energy at the event horizon radius then only three 10" of it has to be already in-
vested in the gravitational field while the other seven 10" is with the black hole,
or that energy itself is a part of the black hole, but is debilitated to match with
the gravitational field. As result, the total energy of the field increases by
3m,/10.

Next, the gravitational field absorbs another unit of energy trapped inside the
black hole. Now, the field’s energy increases by another 3(w;,)/10. This flow of
W, from inside the event horizon to the gravitational field, continues until all of
the trapped energy inside the black hole (ie. its M) flows to the gravitational
field. The 7(w,)/10’s of the w;,’s make their own gravitational field after the
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original gravitational field is exhausted and so on. Eventually, the gravitational
fields energies match the entire Mc of the black hole. At this stage, the energy of
the gravitational fields and that trapped inside the black hole will both become
equal to zero, meaning the black hole will be completely evaporated and its gra-
vitational field will be completely gone too.

Let us find now the total time (z,,) taken for the gravitational fields to match
a total energy of the black hole.

The unit energy of the surface immediately underneath the Schwarzschild
surface is Wy, = he’ / 16nGM ergs. The “period” we find to this energy is
Ipp = 327t2GM/c3 . Thus, the time rate of reduction in mass is (3/10) energy
unit / the time period we ascribe to its radiation.

The following relation holds:

a0 3 ncfienGu 3
dt 103278°Gu/c®  105128°G

(20)

where the factor 3/10 in above eq. indicates energy matches as much as the gra-
vitational and u is the reducing mass. Thus:

. 3 ket

dy=—>_"C 4. 21
A 05120 G2 (21)

Integrating the left side from A to 0 and the right side from 0 to 7, (Ze. the
lifetime of black hole) we have:

* 5120nG?

3
total :? hC4 M . (22)

T

where, again M is in grams and 7, in seconds is the total time it takes to pull a
trapped energy Mc out of the black hole ie. 7, is our calculated total lifetime
of black hole.
The Hawking “total lifetime” of a black hole is
_5120nG”

Hawking — hC4

M3, (23)

Comparing the right hand sides of (22) and (23) both of these times, are pro-
portional to M. We have T iine/ Tiota = 1.3%.

awking

5. Discussion

Albert Einstein has said “everything has to be made as simple as possible but not
simpler”. In this paper we present a simple method of deriving black hole con-
stants which agree with previous ones, a method that does not need Einstein eq-
uations [11] [12]. In this process we only use the principle that when two waves
have the same wavelength can unite [3] (Appendix 1).

We have introduced quantized wavelengths of the gravitational field and the
black hole at the Schwarzschild sphere, that there is energy and not mass inside a
black hole, and quantized the energy of black holes. In future papers we talk

about the quantization of black holes in more detail.
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6. Conclusion

In a completely different and much easier way, we have derived the Chandra-
sekhar mass limit within about 10%, the Hawking temperature of a black hole
exactly, the Hawking black hole lifetime within less than 1.5%, presented the
quantized wavelengths of the gravitational field and the black hole next to the
Schwarzschild sphere, and have quantized the energy of a black hole.
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Appendix 1

The principle harmony introduced by Prof. N. Angha says that two systems that
have the same wavelengths can match and make a wave with twice as big inten-

sity Z.e. two of the SAME frequency and thus, wavelength.
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