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Abstract

In this paper, we reformulate the quantum theory according to a more detailed
understanding of the fundamental laws of Planck, Einstein, and de Broglie. In this
framework, a quantum particle is described as a distribution of matter in the two
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conjugate spaces of the coordinates and momentum. The mass quantization of a
quantum particle arises from the matter dynamics according to general relativity. From
the propagation equations of the two wavefunctions, in the coordinate and momentum
spaces, including the scalar and the vector potentials of an electromagnetic field, we
obtain Lorentz's force and Maxwell's equations. By the application of this new theory
to important problems of quantum field theory, quantum electrodynamics, flavor-
dynamics, and chromodynamics, a unified theory of the four forces acting in nature
is obtained. Based on Dirac’s formalism of general relativity, we describe the dynamics
of a quantum particle in the gravitational field of a black hole, and propose a new
model of our universe in full agreement with classical logic and general relativity. We
show that the new wavefunctions of a quantum particle include the graviton spin, as
a rotation of the gravitational potential dressing this particle, and the particle spin as a
particle matter rotation.
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I. Introduction

A.The theoretical quantum mechanics and posing fundamental problems

The traditional quantum mechanics [1-15], invented one hundred years ago, is probably the most important field of
our science and civilization, standing at the basis of our understanding of the world we live in and of the most remarkable
applications, such as the nuclear, semiconductor, and optical technologies. However, during its already long history, quantum
mechanics encountered difficult discussions, as Feynman said that nobody understands quantum mechanics [16-24], and
Einstein, who never accepted this quantum theory, published his famous article with Podolsky and Rosen, where he found this
theory to be an incomplete one [25]. Of course, Niels Bohr answered, asserting that their arguments do not seem to him “to meet
the actual situation with which we are faced in atomic physics” [26]. Although in principle I agree with Einstein, in the sense that
the traditional quantum mechanics is inconsistent [27], in a sense | agree with Niels Bohr, namely that the Einstein-Podolsky-
Rosen arguments do not reveal any incompleteness: according to quantum mechanics, when a quantum particle decays in two
fragments, these fragments have correlated spins due to the total spin conservation law - it is not correct to consider a two
particle description with two correlated spins, and, after that, to describe the same dynamics by two independent particles,
and say that the spin of one fragment should be independent on the spin of the other fragment. In my opinion, no inconsistency
arises in the traditional quantum mechanics from the description of such an experiment, since, according to this theory, the
whole dynamics should be described as of a two-particle system, where the two spins remain correlated no matter the particle
distance. However, as Einstein considered, on the other hand, the traditional quantum mechanics, as a probabilistic theory, does
not explain such a large distance correlation of the states. Later, to explain this phenomenon in the framework of a probabilistic
theory, a model based on a system of hidden variables has been proposed [28,29]. Recently, this correlation, which is essential
for the very important application field of quantum computers, has merely been introduced in quantum mechanics as a property
of the compound systems called “entanglement” [30,31]. It is remarkable that, according to our new quantum theory, we present
in this paper, entanglement is a natural property of a system of quantum particles, which, in this framework, are described as
classical distributions of matter, quantized according to general relativity [32-37].
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However, the traditional quantum mechanics, essentially based on the Schrodinger equation, with the strange physical
interpretations of the planetary atomic model, with Niels Bohr’s amendment of the rotating electrons without any field radiation,
the particle-wave duality, and Heisenberg’s uncertainty principle, has finally been accepted as a fundamental theory. The big
success of this theory is mainly based on its very good description of the atomic steady states, but the steady state Schrodinger
equation, in fact, is only the eigenvalue equation of the Hamiltonian. A remarkable mathematical theory for a system of quantum
particles, with vectors describing states, operators for observables, and matrices describing transitions between these states,
has been created by Dirac, who also generalized this theory for the relativistic case, but without any understanding of the
particle masses, remained only as phenomenological quantities, and, as we shall see later, without a complete description of
the relativistic dynamics. Although the dynamics of a quantum system in a curved spacetime can be theoretically described,
a probing of the relativistic effects encounters the difficulty that the curvature differences on the length scale are very small
compared to the typical extents of the quantum effects. However, . P. Covey, I. Pikovski, and J. Borregaard showed that quantum
theory in a curved spacetime could be probed by using an atomic clock delocalized between three widely separated atomic
systems in Earth’s gravitational field [38,39].

B. Problems of quantum mechanics and a reformulation of this theory according to general relativity

For a better description of the quantum systems, this theory has been generalized for dissipative systems, also called open
systems [40], essentially based on master equations [41-45]. On this basis, important physical phenomena, such as dissipative
atom-field interaction [46-48], dissipative tunneling [49-52], and giant resonances as collective states with dissipative coupling
[53], have been described. In this way, we obtained theoretical results in very good agreement with experimental data, as the
asymmetry of the transmission characteristics of an active Fabry-Perot resonator with the atomic detuning [46], the fission
spectra of the nucleus ?**Cf in **Ba+!%*Mo and **Ba+!°*Mo [51-53], and the \/5 ratio of the two giant resonance spectral widths
of heavy nuclei [51]. More than that, in this framework, we obtained new physical phenomena, as the dissipative coupling of
the polarization with the population in a revised Bloch-Feynman system of equations, describing a possible amplification of
a coherent electromagnetic field by propagation through a dissipative resonant environment [46-48], and an increase of the
tunneling rate by dissipative coupling [49-52].

The axiomatic quantum master equations, originally obtained by Lindblad, Davies, Sandulescu and Scutaru, and Alicki and
Lendi [41-44], respecting the quantum characteristics, such as the density matrix positivity, the uncertainty relations, and
the zero-point motion, have the big disadvantages of unspecified dissipative couplings of the system operators, which can be
described only by phenomenological parameters. For a quantitative description of an open quantum system, an analytic master
equation for a system of fermions, with explicit microscopic coefficients for dissipative couplings to an environment of other
fermions, bosons, and a free electromagnetic field, has been obtained [54-57]. In this framework, a system of semiconductor
devices converting the environmental heat into usable energy has been invented [58-60], based on a semiconductor structure
we called a quantum injection dot [61], and described in detail [62-64]. It is remarkable that such a complex system, of
semiconductor structures coupled to a resonant electromagnetic field in a system of resonant cavities, with an injection system
of electrons, does not respect any more the second law of thermodynamics, valid for molecular systems [65,66].

Although the traditional quantum theory has been used for the description of interesting phenomena and important
technologies, it encountered big difficulties: inconsistencies with the classical logic, ontology, cosmology, and general relativity,
singularities in the description of the particle collisions, and incompatibilities in the description of the four forces acting in
nature. In this paper, we present a new quantum theory, in perfect agreement with fundamental laws of Planck, Einstein, and
de Broglie, where these difficulties are avoided [27,32-37,67-71]. This is a unitary theory of quantum mechanics [1-15] and
relativity [72-74], where we use Dirac’s formalisms of quantum mechanics [3] and general relativity [75]. In the next section, we
present the main results of this theory, where, for clarity, we also include the main concepts and ideas leading to these results.

In this chapter, II. RESULTS, as the traditional quantum mechanics, our new theory is also based on heuristic motivations and
verified consequences of the fundamental laws of Planck, Einstein, and de Broglie, but based on a more detailed analysis of this
laws, and a more rigorous mathematical derivation of the quantum dynamics in the two conjugated spaces of the coordinate
and momentum, in agreement with the fundamental Hamilton equations, leading to the interpretation of the quantum particles
as classical distributions of matter, quantized according to General Relativity. For a better understanding of our new theory, we
consider its possible applications for A the one-particle dynamics, B the derivation of Lorentz’s force and Maxwell’s equations,
C Lorentz’s Force and Maxwell’s equations in General Relativity, D a proposed experiment for probing the interplay of quantum
mechanics with general relativity, E Dirac’s type fundamental equations of the quantum field theory including an additional
relativistic term, and a system of a finite particle-finite antiparticle in a coherent electromagnetic field, F a revised Fermi’s golden
rule including relativistic effects, G a revised quantum electrodynamic theory of a two-particle collision and of a two-particle
decay of a quantum particle, H a Grand Unified Theory of the four forces acting in nature, and the quantization of the fields, I the
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Black Hole matter dynamics and a model of our universe with its fundamental characteristics entirely explained by the General
Theory of Relativity, and ] the gravitational waves, the graviton spin as a rotation of the metric tensor, and the particle spin as
a rotation of its matter, but, of course, without entering too much into details, which are beyond the objectives of this article.
The new results are in agreement with the validated results of the traditional quantum mechanics for the steady states, but,
beyond these, it explains a lot of phenomena in contradiction, or unexplained by the traditional quantum mechanics, such as the
entanglement, which, in the traditional quantum mechanics has been introduced from the outside, and which, according to our
theory is a natural one, as a correlation between classical particles, unperturbed by intrinsic uncertainties. More than that, our
theory provides important physical laws such as the electromagnetic Lorentz and Maxwell laws, a unified theory of all the forces
acting in nature, relativistic, logically understandable terms in the quantum field equations and quantum electrodynamics, and
explains the graviton spin as a rotation of the gravitational potential, and the particle spin as a matter rotation. In this framework,
the black hole matter dynamics and the fundamental characteristics of our universe are explained. The theoretical approaches
of these subjects is favoured by Dirac’s formulation of General Relativity, and the heuristic approach which led to the famous
traditional quantum mechanics, which, by this theory, is brought to a more correct and understandable form.

In section III, we discuss the famous experiments, which led to the traditional quantum mechanics, and now, by a more
detailed analysis, based on the traditional concepts of states and operators, we obtained the new quantum mechanics presented
in this paper. Section 1V is for conclusions.

I1. Results

A. Relativistic quantum dynamics of a quantum particle as a distribution of matter and the matter
quantization

In the traditional quantum mechanics, the nonrelativistic dynamics of a quantum particle in a potential U(F) is described
by the Schrodinger wave equation

ihgw(ﬂt): H(F. )y (F.1), )

describing the propagation in the time ¢t of this particle, considered a punctual entity, with the coordinates F=(x,y,z), and
the Hamiltonian

H(E,B)=T(P)+U (1) =L U (1), 2)

depending on the mass M as a phenomenological quantity.

Schrédinger’s equation (1) for a particle with the energy E = H(F, p), with a solution
IR e L 3)
seems to be in agreement with the Planck-Einstein law of the quantum particle oscillation with a frequency proportional to

the particle energy, E = %o, with the Hamiltonian operator

0
H=ia—. 4
i ()

With the de Broglie law for a quantum particle as a wave with a wavevector proportional to the momentum, p =7k , the
wavefunction (3) takes a form

i(Kkr-ot) L pr—rr) (5)

woce =eh ’

as the momentum operator is

., 0
5o _inl
p=-ihor. (6)
With this operator, Schrédinger’s equation (1) with the Hamiltonian (2) takes its explicit form
0 n o
ih—y(r,t)=|T u(r rt)=|- —+U(F r,t
in =y (1. =[T(9)+U (1) Ju (1) {Mrﬁ ()}w(,), 7)

with a solution of the form (5), which, with the superposition principle, takes the form of a Fourier series expansion

~ 1 o erHE]
w(r,t)=sto( p.t)e’ da'p, (8)

which, with the inverse Fourier transform

https://doi.org/10.29328/journal.ijpra.1001151 m
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_ 1 L eren] s
o( p»t)=WJ.W(rJ)e " d'’r, (9)
satisfy the normalization conditions
[lw(Fof aeF=1.  [lo(p.t) d'p=1, (10)

We notice that the Schrodinger equation (7) does not describe the particle wavefunction (8), but only the waves, the Fourier
components, of this wavefunction, propagating with the velocities

dr N

hall =—H(F,p)=—

(dt)m LY (1)
dp 0 _ou(r)

(dtjwm_afH(r’p)_ or

in the two conjugated spaces of the coordinates and momentum. Since this system of equations is in disagreement with the
Hamiltonian system of equations,

dt). . op
12
at ). ofF P

we conclude that Schrédinger equation (7) is not correct.

To obtain a correct dynamic equation for a quantum particle, we go back to the fundamental quantum equations of Planck,
Einstein, and de Broglie (Figure 1).

According to Planck’s law, a black body is a system of oscillators in a large range of frequencies w, interacting by photon
emission-absorption processes with an environment. The essential aspect of this law, we are interested in here, is that the
frequency of the matter oscillators is the same as the frequency of the photons interacting with this matter. In this interaction
process we face a double resonance, an energy resonance, and a frequency resonance. According to Einstein’s law, a photon with
a sufficiently large energy E =%®, can be absorbed in a matter sample when an electron of this sample is extracted, by cancelling
its potential energy U < 0, and transferring the energy difference T=E—-(-U)=E+U to this electron as a kinetic energy T > 0.
This means an energy resonance E = T -U, and a frequency resonance, #o=T -U =L, which means that the electron vibration
frequency corresponds to its Lagrangian, not to its Hamiltonian as it is described by Schrodinger’s equation. This means that an
electron of an energy E =H (p,F), with the corresponding Lagrangian

L(P.F)= pF—H(p.r)=pi —E :f’_z_(r’_zw (r)j: B _U(r)=T(p)-U(r)

M | 2m 2M (13)
and the wave functions
) 1 e, 1 CvaalP e
y(rt)=—-—5|o(B.t)e" d'p=—-—5|@(p.t)e" d
(F:) (2;:;1)3’ZJ (R) (2;;h)”j (1)
1 i ] 1 JLor-(or-€)] (o
R N —{pr-L(p.I)t] 5, ~ 2| Pr=(Pr-EJt] 5
o(p,t)=——|w(T,t)e " dr=——=—|w(r,t)e " d’r,
( ) (27rh)3/2'[ ( ) (27rh)3/2'[ ( )
Planck’s law Einstein’s law
“‘7 T‘i i ‘7 \Environment - T T>0
| | <::| T>0 |E=T-U
“ “ [ | V0] Jw
X 0
‘ \ ‘ I:> -U=>0 Photon
| - e g J Photons U <0
Black body Electron in a matter sample

Figure 1: Planck’s and Einstein’s laws of the photon interaction with electrons in a black body, and in a matter sample with an electron
bond potential energy U < 0.
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is described by the nonrelativistic wave functions

w(7.t) :%Iq)( p,t)eé{ﬁr—h(ﬁ)—u(r)]t}dSﬁ
T

(15)

which are in agreement with the Hamilton equations (12).

dx*  dx*  x*”
= =—,as

ds cdr cC

functions of the local velocities x“ in the proper time T as a parameter, the metric tensor gaﬂ(x"), the invariant time-space

interval

ds= \/gaﬂdx“dxﬂ = \/gaﬁv“vﬂds =cy/g,,vVdr =cdr, (16)

with the fundamental equation

9o VV =1, (17)

and the relativistic Lagrangian

L(x“.v*) = =Mcy/g,,x“X” =-Mc*|[g,,vV (18)

the wavefunctions (14) take the explicit form

In general relativity, with the coordinates x* = (x° = ct,xl,xz,x3) = (x" = ct,x‘) , the normalized velocities v* =

i 1 ) i[p’x’+Mcz.[g,wv”v”r] 3
yiX,T :—(DpJ’T e’ dp
)= gl
) 1 i _i] pix) +Mc? g, vevi
go(pj,r):—m_l‘(//(x ,T)e il ’ }d3x.
(27n) (19)
With the momentum
j oL oL , O vl .
J_W_W__MC prws g,V°V" ==-Mcevig,,;, (20)
we obtain the wave velocities in the two conjugated spaces, of the coordinates and momentum,
2 ay, B
d oL 6(_MC VeV Y ) c 0 iyh ARy
d_X Y = — ” (ngv +gajvv)=x
T Jue 00 0(-Megv*)  2fg,vev” 0(g,v")
2 ay,f
d | oL 5("\"" V9V ) VISV 1 ras
T N - R TR R
wave \/gaﬂv v (21)

It is remarkable that, in the proper time T, the velocities of the wavefunction Fourier components in the coordinate space

d ., y
(EXIJ are equal to the velocity of the coordinates of this wavefunction X!, Consequently, we conclude that the two

wavefunctions (19) describe the dynamics of a distribution of matter with a density of the form

pu(X.2) =M,y (x.2) (22)

as, with the normalization equations (10), the total mass is

oo (X,2)dEx =M, [l (x,2) dx=M, =M (23)
[ o (X7)ax=M, flu (x.7) :

This means that the mass of a quantum particle as the integral of its density, M, is equal to the mass M, as a parameter of the
particle matter interaction with the gravitational field, which, according to (21), is proportional to the gradient of the metric
tensor.
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This property of a particle wavefunction, can also be understood from its expression (14),

df 6 N KR
S (e o

From (21) and (24), we conclude that the wavefunctions of a quantum particle in a gravitational field, and of a free quantum
particle with an energy E, i.e,, which is not accelerated by and external, nongravitational force, keep their shapes during their
motions. In other words, only interactions by external, electromagnetic, weak, or strong forces, could change the shape of a
quantum particle, which, otherwise remains the same.

Since in the dynamics of a quantum particle in a scalar, external potential field U (F), the gravitational field which is much
weaker, is generally neglected, we consider wavefunctions in the special relativity,

WJ)ZW o(Bajer o BT o0 g
= we;pw(p(ﬁ,t)e;[p“muﬁﬂ'&ﬁ
=Py, (F.t)

p(p.t)= W I ,,,(r’t)e*%{p‘f*[ﬁffcm —u(r)}}d3r
=P 'g,(p.t), .

where we distinguish the coordinate dependent operators, which we call propagation operators,

ipr g

P=et | Pl=grn (26)

applied to the time-dependent wavefunctions,

n(r)=— e )

- e td3—
) fo(p.b)e p

(F)er MO e

1
(Bt)=—F7
2. (P-1) @ [v o

which satisfy the dynamic equations

ih%y/t(r,t):[pf’*—c,ll\/lzcﬁ B —U () |w (1)

.
=[Br=H(p.1)Jw (7.t) = (BT —E)p(7.1)
(

=—[pr-H(p.")]e(p.t)=—(PF -E)p(p.t). -
We notice that the first equation has the Schrodinger-like form
(0 .0 d
1h(a+ f'g)u/t (F.t)= 'hEW‘ (F,t)=—H (p,F)w, (F.t)=—Ew,(F.t), 29)

for the particle matter distribution, with the total derivative describing the time-variation of this distribution, and a changed
sign for the Hamiltonian, or energy. With a solution of the form

ie
v (Ft) =y, (F)er

from equation (29),

ih%\l’t(ﬁt) = ihr*%wo(r)ef‘ —Ey,(F)e"" =By, (7)e"

we obtain
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d -
_wo(r):()’

. d
sd
FapYe(M=0 = &

which means that unlike the Schrédinger equation, with partial time derivative, the new equation (29), with total time

derivative of the wavefunction, describes an invariant distribution of this wavefunction.

B.Lorentz’s force and Maxwell’s equations obtained from the interaction of an electromagnetic field with
a quantum particle

We consider the electromagnetic field dressing a quantum particle

R 1 . Tee_L(eian] =
E (2”;1)3—/2I(/)(P,t)eh[PF Hrr i gep

o(P.t)= (2 ;)_3/2 Ju(raye ey,
T,

(30)

with a Lagrangian depending on the electric charge e, the electric potential U (7}, and the vector potential A(r.t),

L(r,r*,t):—Mchl-;-eu(r)+e,&(r,t)r* : 31)

From this Lagrangian we obtain the canonical matter-field momentum

. . MF = L
p=§|_(r,r,t)= = +eA(r,t)= p+eA(f‘,t)’ (32)
==

as the sum of this particle momentum
MF

ﬁ : (33)
=

and the electromagnetic momentum EA(?,I) . From these expressions we obtain the total matter-field Hamiltonian,

2

H(P,r)=Pr—L(r,t)= +eU(F)=cE+U,

P2 (34)
s
as the sum of the particle energy
2
E,= MC. =cE
r’ , (35)
e

where we introduced the notation E with the dimension of a momentum, which we call normalized energy, with the electric
potential energy,

U, (F)=eu(r). (36)

Form equation (33), we obtain the normalized velocity

LS (37)
c ’M 2c2 + r)Z ’

from where we obtain the Lorentz coefficient
F2 -2 /M 202 4 p~2
Y= 1 - = (38)
Mc
as the Hamiltonian (34) gets the canonical form

H(ﬁ,f):c\/M Zcz+[I3—eA(F,t)T +eU (F). (39)

From the conservation equation of the energy, H (ﬁ,r) =E, and of the canonical momentum, (32), we obtain the relations

PA(F,t)=0, |A(T,t)| =const, (40)

which means that the vector potential A(f,t) of an electromagnetic field interacting with a quantum particle is rotating
perpendicularly to the canonical matter-field momentum, with a constant amplitude, as the particle wavefunctions (30) take
the explicit form,

https://doi.org/10.29328/journal.ijpra.1001151 “
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W(F,t) = W{w( ﬁ’t)ei["'th(r,?,t)t]dﬂs _ (zﬂlh)mjl(p( }5,t)e;{+ﬁ-r{ﬁ ?—H(P’,Fﬂt}d}ﬁ

i

o(Bt) = — s [y (Fpe 17 M

_ ) —%{Fi-F{Fi ﬁH(vﬁ,F)}t}d}F
(27n)

1 -
—([w(r.t)e
(27[7’1)3/2 _[ (

_ 1 J~W(r,t)e—;[P-r—(PrfE)qd%,
(2ﬂh)3/2
(41)
where we considered the total energy conservation of the matter-field system. Thus, from the first wavefunction, we obtain
the wave velocities equal to the matter velocity

(%}W =%(ﬁr*—5)=r*, (42)

which means that the shape of this particle in electromagnetic field remains unchanged. A change of the particle shape is
possible only by a collisional process, when a photon exchange between the two colliding particles arise in the corresponding
vertex of the Feynman diagram.

From the second wavefunction (41) with the Lagrangian (31) of a charged quantum particle, from the wave velocities in the

momentum space,
d= d d - 0 - 0 Orz :
—P=—p+e—A(F,t)=—L(F,F,t)=—e—U(F)+e—| A(F,t)F
a a (7.9 or () e ()+ear[ (’)r] (43

we obtain Lorentz’s force
%ﬁ=e€(f‘,t)+e?xl§(f',t), (44)

as a function of the electric field and the magnetic induction, as functions of the electromagnetic potentials U (F) and A(F,t)
acting on this particle,

E(F,t):—a%U(F)—gﬂ(F,t)

; (45)
B(F,t)=—x A(F,t).
(F) =< A(r)

From these expressions, we obtain the Gauss-Maxwell equation for the magnetic induction,

%é(m)=0. (46)
and, with the gouge condition

o -

—A(F,t)=0, 47
or (r ) (47)
the Gauss-Maxwell equation for the electric field,

0=/ O e Pe(ToY)

—E(F,t)=—=U(F,t) =2 48
FEC= LU ry=2] (48)
which depends on the charge density

0 = o’
pe(?,t):aogE(F,t):—a(,?U (F.t), (49)

as a source of the field/potential acting on this quantum particle.

At the same time, from equations (45) we obtain the Faraday-Maxwell equation of the electric field induced by the time
variation of the magnetic induction,

ZxE(r)=-2B(r). (50)

In this way, for a quantum particle described by the wave packets (30), in a field described by the potentials U(F) and
A(F,t) in the time-dependent phases of these wave packets, we obtained the Lorentz’s force (44), and three of the four Maxwell
equations, for the divergences of the magnetic induction (46), and of the electric field (48), and for the curl of the electric field
(50). To obtain the fourth Maxwell equation, for the curl of the magnetic field, we calculate the curl of the Faraday-Maxwell
equation (50),
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0 0 = 0| 0 = o = 00 5

—x|—=xE(TI,t)|=—| —=E(F.t) |- E(F,t)=———xB(I,t). 51

arx[arx ( )} ar[ar ( )} o £ (M) =55 B (1)

considering the propagation of the electric field according to a wave equation, with a decay rate v, in the environmental
charge with the density (49),

o =, 1|0 =, 0 =/

arzE(r,t):cz{atzE(r,t)+;/atE(r,t)}. (52)
From these equations, we obtain equation

00 5 1]06* = 0 = ol o =

——xB(F,t)=—| —E(T.,t —E(F,t)|-—| —=E(F,t)], 53
aor (71 c{&tz (r’)”at (F. )} ar[ar (F )} (53)

. : : o . . 0 = .
from which, by neglecting the nonuniformities of the environmental charge density p,(F,t)= 8067E(?’t) , we obtain the curl
of the magnetic induction,

0 =/ 1{0z,. =

P B(r,t)=C—2{EE(r,t)+yE(r,t)}. (54)

With the magnetic field

H(r.)=—8(r.), (55)
Hy

depending on the magnetic permeability 4, as the field/light velocity is
1

Nk (56)

the electric induction

Cc=

D(F.t)=&E(T.t), (57)
and the electric current density
j(r.t)=cE(F.1), (58)

depending on the electric conductivity, as the product of the electric permittivity with the decay rate of the electric field in
its propagation through this environment,

o=¢g,Y, (59)

equation (54) takes the form of the Ampére-Maxwell law, of the magnetic field induced by an electric current and a time
variation of the electric induction,

%xﬁ(r,t): ]+§ (F.1). (60)

O

Thus, we obtain the whole set of Maxwell equations (46), (48), (50), and (60), which, with the definition relations (55) and
(57), for the two electric and magnetic fields, are

;E(r,t)d’eg’t)
%H(?,t):o

RE(r0) =y H (1)

%xﬁ(f,t):T(F,t)+5O§E(F,t). o

From the divergence of the last equation, Ampére-Maxwell, with the first equation, Gauss-Maxwell for the electric field, we
obtain the electric charge equation of conservation,

0 - 0

— J( ) =——p,(F,1).

() =—=2.(N1) (62)
For the righthand side of this equation, we consider the form

- 0 =/ d= . 0=, 20 \z/-

J+£oatE(r,t):50[dtE(r,t)}:‘%{atE(rrt)*[ arjE(r,t)] (63)
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from which, for an environmental matter velocity i , in the direction of the electric field, with a coefficient called mobility,

F= i, (64)
we obtain
T:?pe ::upeE . (65)

From this expression with (58), we obtain the conductivity as the product of the environmental charge mobility with the
density of this charge

o=up,. (66)
From this equation with (59), we obtain the electromagnetic field decay rate as a function of the environmental charge
density and its mobility,
1
V="Hp.. (67)
£y
Following Dirac [65, 66,73], according to (56) we consider the dimensional coefficients
1

&y = Hy =ty :E ’ (68)
the normalized environmental charge,
r,t
sp(r) =L g (), (69
0

and the normalized current density according to (65),

2 - = . r ~f
471'](I’,t):j(l’,t)zrpe(r,t)=47z'3p(l’,t)’ (70)
as the Maxwell equations takes the form

%%E(F,t):%xI:|(F,t)—47ri(F,t)
10 - 0 =

LR (R )= -2 xE(rrt

o (M= E(MY

K
or
a 3 r —

EH(r,t)—O. 71)

E(F,t)=47p(T.t)

We note again that these equations and Lorentz’s force (44) are entirely obtained from the dynamics of a quantum particle,
described by the wavefunctions (30), as wave packets with time-dependent phases with the coefficient (31), which include the
relativistic Lagrangian and interaction terms proportional to the particle charge e, and the electromagnetic potentials U (F) and
A(r.t).

C.Lorentz’ force and Maxwell’s equations in General Relativity

We consider the action integrals for a quantum particle interacting with a gravitational, internal field, and an electromagnetic,
external field. This means the gravitational action as a scalar integral of the total curvature R with the determinant of the metric
tensor g,

I, = [Ry-gd’x, (72)
the mass action, as a scalar integral of the mass density p,
I, =_Jp,/—gd4x, (73)

the electromagnetic field action,

I =[F,F*y-gd', (74)
Where
F;lv = A,u,v - AV,;: = A,u:v - A/:;l ) (75)
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is the asymmetric electromagnetic field satisfying the Maxwell equations (71),
0 -E' -E* -FE’ 0 E' E’ E’
E° H> -H' o -E’ H®> -H' o0
as a function of the potential four-vector
A= (A% AL AT AY) = (U,A)=(U,ALA LA ), (77)
and the electric charge action
l,=—[ A, J*\-gd*x, (78)
depending on the charge flow density
j“=pve. (79)

From the gravitational action (72), we obtain the variation equation

s, :—I(R“ﬂ—;Rg“ﬁjﬁ5gaﬁd4x:0, (80)
depending on the metric tensor variation, which leads to Einstein’s equation of gravitation in vacuum,

R"ﬁ?%Rg””:O. (81)
We consider the mass action (73) as a function the momentum four-vector density

P = pv* \/T ) (82)
depending on the velocity in the proper time t. With the invariance relation (17), this action takes the form

1, ==[(p"p,) "d'x, (83)

from which, with the gravitational action
1

iy (84)
we obtain the variation equation
_ 1 v 1 v l v 4 v 4y
51y +1,) _—j{m”[w -9 Rj+5pv"v }/—g&gwd X+ [ pv,, v ox"\-gd*x =0, (85)

depending on the variations of the metric tensor and of the coordinates.
From the electromagnetic field action (74), we obtain the variation equation
5= jKFﬂVFW;gW ~2F”, F”"jdgm —4F”“:V5Aﬂ}/§d4x ) (86)
depending on the variations of the metric tensor and of the electromagnetic potential.
From the electric charge action (78), we obtain the variation equation
81, = [ p(~v oA, +F,vox ) -gd'x, (87)
proportional to the charge density, and depending on the variations of the electromagnetic potential and of the coordinates.
From these equations, with a notation similar to (84) for the electromagnetic action,

em =é| ) (88)

the strength energy tensor

_1
87

Euv: [FPUFGp%g/JV_zFﬂD_ FGVJ, (89]

and the coefficient

https://doi.org/10.29328/journal.ijpra.1001151 “



Quantum Mechanics and General Relativity m
,

4

K=" (90)

we obtain the variation equation of the total action
S gn + g+ (len +14) ]
= —J{I(R” —lg’”Rj +lpv“vv —xlE””}Hégwd“x
167 2 2 2
+ J(PV;,;V + 1P, V' [-gox d*x + K‘j(i o — ﬁv”j@éAyd“x =0. on

The coefficients of equations (84) and (88) come from the relations between mass and gravitational force and between
the electric charge and the field generated by this charge, respectively. The coefficient (90) comes from the relation between
Lorentz’s force and the electromagnetic field inducing this force.

From the first integral of this equation, depending on the metric tensor variation, we obtain the gravitation equation
G
Rzgﬁp:fmcﬁps, (92)

as the total curvature determined by the mass density 2c with the gravity coefficient G =6.67259x10™"'m’* Kg™' s, without
being influenced by the electromagnetic term, which reduces to null.

From the second integral of equation (91), depending on the coordinate variation, and the geodesic equation,

oV gl Y Mo\ OV
VAV =V VT VOV

(93)
we obtain the variation of the geodesic dynamics under the action of the electromagnetic field,
B
p[% + cl"fav"vvj =-kcpg™F, V", (94)
T

which, by integration over the volume of the particle, with the mass M and the charge e, takes the Lorentz form for general
relativity:

2,0

M d-x de dx” — g™ —El dx E2 . E3
dz? dr dr cdr cd
241

M d=x ¢ lmdx dx” —E‘ dx? lH dx’? 1|_|2
dr dz dr dr dz ¢ dr ¢
22

M d’x - wdx dx” ﬂEZ,dilH dilHl
dr dr dr dr dr c dr c

M d2x3+r3 dx? dx” g ﬁg dx'le_ﬁlHl
dr? " dr dr dr drc dr c '

(95)
Compared to the traditional Lorentz’s force, describing only the spatial acceleration in the local time, these equations
describe the four-dimensional time-space acceleration in the proper time.

From the last integral of equation (91),
F = 4mpvt, (96)

with the definition equation of the electromagnetic fields (75) and (76), we obtain the covariant divergence of the electric
field, and the time derivatives of this field as functions of the curl terms of the magnetic field and environmental charge density,
F*, =E', +E>, +E’, =4V’
F =—E',+H, —H>, =47V
F?, =—E% —H’ +H', =4V’
F*, =-E’ +H? —H', =4zpv’. (97)
where the first equation corresponds to the Gauss-Maxwell law of the electric field, and the other, three equations, correspond

to the Ampére-Maxwell law of the magnetic circuit. At the same time, from the definition equations of the electromagnetic fields,
(75) and (76), we obtain equation

FootFo,+F,, =0 (98)

uv,o Vo, u ou,v )
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with the explicit forms of this equation for the time components
oH’® OE* OE'
T T T
oX ox  ox
oH' OE® oE?
"= a2 T3
OX ox~  OX
oH® _ oE' oE’

12

EYP VI
X X X (99)

FoLz + FIZ‘O + FZO‘I = _El,z + H3,0 + Ez.l =0,

Foz,} + Fzs,o + F30,2 = _Ez,s +H l,o + E3,2 =0,

Fos,l + F3l,0 + F10,3 = _E3,1 +H 2,0 + El,s =0,

which corresponds to the Faraday-Maxwell law of the electromagnetic induction, and for the spatial components,
Fos+ Pyt R, = H3,3 + H],1 +H 2,2 =0, (100)

which corresponds to the Gauss-Maxwell law for the magnetic field. In this way, we obtain a generalization of the whole
system of Maxwell equations for the electromagnetic field in general relativity,

A ) E'y=—H>, +H’, —4zpV'
EaE:VXH——4ﬂ'I — J{E’,=-H’ +H' —d4zpv’
E',=-H',+H? -4z’
H10:E23_E32
la N - 2’ 3’ l’
——H=-VxE - {H’,=E’ -E',
coat H3 - E _Ez
0 2 )
VE =47p - E' =4zpv°
VH =0 - H', =0.

(101)

We note that the two equations including matter, namely the electric charge density 2, contain covariant derivatives of
the fields, as the other two equations relating the fields without matter terms, contain only ordinary derivatives. The matter
equations, which are the gravitation law (92), Lorentz’s force (95), the first equations (101), Ampére-Maxwell, and the third
equations (101), Gauss-Maxwell, come from the least action principle, described by the null variation equation (91), for the
variations of the metric tensor, of the coordinates, and of the electromagnetic potentials, respectively. At the same time, the
second set of equations (101) and the fourth equation (101) come only from the expressions of the fields as functions of the
electromagnetic potentials (75)-(77), which describe the dynamics of a quantum particle, as coefficients of the time phases of
the Fourier components of the matter distribution of this particle.

D. On the relation of quantum mechanics with general relativity and a proposed experiment for probing
the interplay between these theories

In the previous subsection we essentially showed thata quantum particle is a distribution of matter, which due to its dynamics
according to general relativity is described by a packet of waves propagating with the same velocity, that we call the particle
velocity. The shape of this particle depends on the distribution function of this matter in the momentum space. It is remarkable
that under the action of a field, gravitational, electromagnetic, weak, or strong, due to the total energy conservation, the shape of
this particle, i.e. particle mater distribution, remains unchanged. This means that a change of a particle shape is expected only by
a collision process, when the particle-field energy is no more conserved. On the other hand, for probing the interplay between the
relativistic and quantum phenomena, which stands at the basis of this property, an experimental procedure has been conceived
[38,39]. This experiment, clearly illustrated in Figure 1 in [38], is essentially based on measuring times determined by the two
successive atomic systems at lower amplitudes, where the curvature is larger, and times determined by the two successive
atomic systems at higher amplitudes, where the curvature is smaller. In these experiments, the time variation between the two
amplitudes can be rigorously calculated by the first equation (95), as the light propagation between these two pairs of atomic
systems is described by Maxwell’s equations in general relativity (101), essentially depending on curvature. We still have not
experimental data which could be compared with our theoretical results.

E. Updated quantum field theory of a relativistic quantum particle in an electromagnetic field

For a quantum particle in an electromagnetic field, we consider the two wavefunctions (41) in the two conjugated spaces,
of the coordinates and momentum,

e

3/2

(102)
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with the Hamiltonian (39) of Dirac’s relativistic form,

H(P.F)=cH +eU (F)=cyMc + p* +eU ( \/M [F-eA(r.t)] +eu(r) (103)
=qMc’ +ca;p’ +eU (F) = a,Mc* +eU (f‘) +Ca [P’ —eAl (f‘,t)],

depending on the Hermitian Dirac’s spin operators «,, with the anticommutation relations
{aﬂ,av} =26,,. (104)
From equation (103), for the momentum four-vector of a quantum particle in electromagnetic field,

p“=(p’=H.p'), (105)
we obtain the invariance equation

Mc=+H?-p* =\/p"p, =\J9" p,p,1=7"D, (106)
with Dirac’s operators satisfying the Clifford algebra,

(=29 (107)
In the following, we consider a flat space,

g"=1, g'=9g"=g"=-1, ¢g"| =0. (108)

HFEV

as the anticommutation relations (107) take the form

{77 =0, {/.} =0, y" =g" =1, y" =¢" =-1. (109)
and these operators have the expressions

0 o i 0 o it i
V=0, = AV =00 = s V=8, ==Y, (110)

0 -1 —o; 0

where | is the two-dimensional unity operator and o; are the Pauli spin operators. With Dirac’s spin operators ¢, the
wavefunctions of a quantum particle in electromagnetic field (102) take the form

y(F 1) =g o 5 lh)“ Ie‘a[ﬁf-(aoMc”w,Pi)J'w(ﬁ,t)dzﬁ
T

il U (F)+ecaj Al (1.t) |t N =
{ [~ ec ]}W[(r’t):j)fl//t(r’t)’
(.1)- ( 1 7 o 17 [l ]
2rh

:eféﬁr(pt(ﬁ,t):’me’l(pt(ls,t), (111)

as the time-dependent wavefunctions

(Pt = e e (6 e

(27[?[)3/2

~ 1 LBt (M reaPi)t tor _

wt(Pyt):(zﬂ-h)mJ.eh[ ]eh l//t(r,t)d3r, ( )
112
with the propagation operators of the particle in electromagnetic field
P _ e%{ﬁ-?—[—eU(F)JrecaJA'(f,t)]t} B e%{[ﬁﬁf\(?,t)}f{feu(f)+ecalA'(F,t)]t} _pF
) = = =
ip. i[mei\(r,t)] r Lei(r.t) ¢

— ah — ah — 7 —

P, =e" =e =Pe =P¥, (113)

depending on the field propagation operators of the matter?, and of the field, in the coordinate space F, and in the
momentum space J;,

Tor i{ei\(rt) [-eu (ryreca;al (r.0)Jif Tea(r 1)

P=er’,  F=el . Fo=e : (114)
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For the time-dependent wavefunctions (112), we obtain the dynamic equations
., 0 R 5 4
e (1) =[PP (e’ sea P ) i (.0
. . 0
= |:Pr — [(ZOI\AC2 + lhcaj axjj:| W, (r,t)

ihg(p'(f’,t) = —[ﬁ? —(azOMC2 +Caij )J(pt (Is,t)

ot
__[pr_ 2 5
= [Pr (aOMC caij)J(pt(P,t), (115)
with the canonical momentum operators
., 0 .. 0 i i ., 0
P0=goopozpozlhﬁ:lha, PI :giiP =-P :lhg_ (116)
By multiplying these equations with «,, the relations (110), and the notations
m = Mc
_ M _ A H
ﬂ‘?’ Os /P(—?’ P, (117)

the dynamic equations (115) take the form
[ihﬁ+m(1—y°n)}y/t(f,t) =0
[/F(_m(l_}/oﬂﬂ(ot(ﬁ’t)zo’ (118)

which, compared to the traditional Dirac equations [13],

(iﬁ(—m)(//:o

(B -m)y =0, (119)
include the additional relativistic term
Br Bp P[P—eA(r.1)]
77 = R = 2 2 = . - 2
m\/m +P m\/m2+[P—eA(f,t)]
ISZ

m\/m2 +P? +e2|A(F,t)|2
(120)
This term depends on the conservative canonical momentum P, and the amplitude of the vector potential, which, according
to (40), is also a constant during the particle evolution.

With a solution of the form
u (P

)
q(ﬁ)~u(ﬁ)_{a(ﬁ)]— %(?; : (121)

of the second dynamic equation (118),

u](l5

)
°p 1 2 3p :_ 0 (P) _
YV R+yP+y R +yR m(l 777) )—0, (122)

u2
u, (P
u.(P)

in a system of coordinates with the third axis in the direction of motion, P=(R =0, P, =0, P,), from the condition of the null
determinant for a homogeneous system of equations, we find energy eigenvalues for a particle and an antiparticle,

\/ﬁ o E(ﬁ):cﬁ(ls) Particle
> -+ Pl =£E(P
> +mn m +| | ( ) E(ﬁ):_cé(ﬁ) Antiparticle,
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of an operator which, besides the traditional Hamiltonian P, also includes the relativistic term Mz .

For a particle, we obtain the eigenfunctions of the form

(124)

E+ma*(ﬁ) ’

depending on the particle spin eigenfunctions

< (1 0 qlg =
A e

For an antiparticle we obtain eigenfunctions of the form

5 _
_ = V(P
u,(P): E+m ( ) ) (126)
v.(P)
depending on the antiparticle spin eigenfunctions

(1) (o)
NOYGRe.

The two particle and antiparticle eigenfunctions (124) and (126) are orthogonal,

E+m [128)

E+m

o 6P 5
u’(ﬁ)u(ﬁ):(—v’(ﬁ) Po w(.s)} g (P)]__2€

E+m \77(P) E+m

(129)
For a particle-antiparticle system, we consider a total wavefunction with the probability amplitudesa and 3,
a,(P) 6P (B
u(P)=au,(P)+pu(P)=a| s  _ |+8 E+mil'( ) ’ (130)
e (P) v.(P)

and a covariant normalization for every one-particle wavefunction,

o 26 E
|0¢|2 u+T(P)u+(P):|a|2 Eom =a

, 2E E

E+m m (131)

as this wavefunction is
- i (P - 5P -
o) fEn| o e Ee )
2m ~O- G+('3) 2m \77('5)

With this wavefunction, we consider the solution (121) of the second dynamic equation (118) of the form

¢1(5)=$U(5), (133)

8" u" (P)u_(P)=|A|

(132)
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depending on the normalization momentum interval L, With this time-dependent wavefunction in the momentum space,
the first expression (112) of the time-dependent wavefunction in the coordinate space is of the form
1 —i[ﬁ?:(aoMcz+caJPJ)}t gy =\ 35
rt)=———5 )¢’ e u(P)d’P
‘//t( ) (271'th )3/2 A!ﬁ ( ) ) (134)
for the time-dependent phase with the minus sign for a particle and a plus sign for an antiparticle. With this expression, the
first wavefunction (111) in a coordinate system takes the form

i%[eu(r)*ecajAl(F,t)][ I efé[ﬁﬁ(“ﬂ""cz*wip’)]tu(

——e P)dP,
(27nL, )" 55 )

p(rt)=
(135)

of an integral over the domain A’P occupied by the particle in the momentum space, which gives its shape in the coordinate
space. Thus, for a particle-antiparticle system in an electromagnetic field, we obtain the total wavefunction

1 E+m
(2znL, )" N 2m

w(F.t)=

e%e[u(f)—caJAj(F,t)]t J- e-%[ﬁf-(auMchcaJPiﬂt B &P
K P a.(p)
E+m
. . &P _
N e—;e[U(f)—cajAJ(?,t)]t J- e—;[PF+(aDMcZ+cajPJ”t - E+m V,(P) &8
NI v (|S) (136)
with the normalization condition
[y (rw(rdr=2, (137)
which leads to the relation between the system domain in the momentum space, and the normalization momentum interval
LP’

— .
LPS:A3§1/1+P—2:A3§E. (138)
m m

We notice that the wavefunction (136) describes a particle and antiparticle with opposite electrical charges, propagating in
opposite directions, in agreement with the physical model of a particle-antiparticle system produced by a photon.

F. Revised Fermi’s golden rule for quantum particle transitions between Lagrangian states in
electromagnetic field

We consider a quantum particle described by a distribution of matter with an amplitude of the form (111),
P (TO)=My (F.0)] =My (TP, Py (7,8) = My (), (F.t) = Mp(T ), (139)

as the product of the particle mass M with the density function as the squared amplitude of the time-dependent wavefunction
four-vector,

p(78) =y (P (7t) = (u [F)(F[v) (140)
We consider this real quantity as the diagonal matrix element in the coordinate representation of the density operator,
p(F0)=v" (F)w (F.0) =y (F.0w (R0 = (Flu ) (w[F) = (F| (1)), (141)

which, in a space of N states, has a representation of the form

|'/’t1> |'/’t1><‘/’t1| |‘/’t1><‘/’t2| |‘/’u><‘//m|
p(t)=|w )y | = |‘/’u> (<%| ol - (‘/’m|): |V’r2>:<V’t1| |‘/’r2>:<V’t2| |‘/’t2>2<‘”tn|
|‘//m> |V’m><‘/’u| |V’tn><‘/’t2| |V’m><’//m|

(142)
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From the first dynamic equation (115) for a wavefunction ¥: (r.t)= <F|V/t (t)>,
0 /. M5 S N\ i (5 2/
S {Fl () == [P =H (P.r) [y (0) = L(P.F){F[w (1) (143)

which, with the quantum-mechanical formula for an operator A applied to a state vect0r|t//> and the expression of this
operator applied to the wavefunction of this state,

(T|Alw) = A(rw), (144)
leads to the dynamic equation for a state |l//t (t)> ,
L O) == B = H (P.6) Iy (0) ==L (.6 (1), (145)

With the conjugated form of this equation, we obtain the dynamic equation of the density matrix of a quantum particle,

%p(t) - —%[L(ﬁ,?),p(t)] - _%[ﬁf' ~H(B.r).po(1)], (146)

which, under the action of a perturbing potential V (F), undertakes a transition from the initial state |0) , determined by the
Lagrangian L, to the environmental states i}, determined by the Lagrangian functions L, with the transition frequencies

o :%, (147)

and the densities 9(@,). We obtain the transition probability

(148)

2y, 2
F(i) = ?|Vio| g (wi )
Li=L
- Fermi’s golden rule revised, depending on the transition matrix element V,,, from the initial state y,,(F,t), described by the
dynamic equations (115) with the perturbing potential V, to the states y, (F.t),

(0 0 = -
|:1h(at+ ajcyj +a,Mc* + oV - Pr}(//w (r,t) =0
(1) —ih§+ iha cz T +a,Mc” = PF | =0

Ve 0 Pox ) 77 —
(149)
We obtain the transition potential

v, -1 [1+E](1+gjf(ﬁ,ﬁ)), (150)

depending on the transition function

% Br-F %*C(«IMZCZJJ'}Z —M2c? +R? )}t
e : (151)

We notice that the density of the transition frequencies (147), as a function of the distance between two successive final
levels éw, ,

1 h h 1
®)=—-= - = - =0,(@)d(m»
@)= 5(pi)-oE O 5(pi) Sl g (152)
OE;
is the product of the traditional density of the energy states,
h
a)i :—’ 153
% (@) =3¢ (153)

and the relativistic dynamic factor
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d(w)=

| d(ﬁilﬁ)

1 (154)
dE,

For a cubic measuring volume "V, we obtain the transition frequency density

9(0)-VLE_E_y PE mE_{ P—] - (155)

= = +
wemt 2Remt 27l m?
G. Updated quantum electrodynamics
1. Two-particle collisions

We consider the collision of two particles in the states ¥, (F,t) and ,(F.t) with the energies E, and E,, and the momenta P
and P,, scattered in the states ;(F.t) and, respectively w,(F.t), with the energies E, and E,, and the momenta P, and F,, by
a photon exchange of energy E and momentum P, described by a Feynman diagram with two vertices and transition matrix
elements of the form

2E
(E, -E) -E*’
where, according to the dynamic equation (115), the perturbing potential V which depends on the electric charge g = Qe and
the vector potential A!(F,t), is

V =qcy'Al(F,t)=Qecy' Al(T 1) (157)
These wavefunctions of the form (136), with the normalization momentum intervals (138), and the normalization dimensions
of the form L,

L(a) " =2z, (158)

Tﬁ — Tf]iimission _ Tfé\bsorption — <W4 |V |l//2> (‘//; |V |l//1> (156)

for the usual physical case when the dimensions of the momentum domain AP, occupied by the particle is much smaller than
its momentum P, (Aﬁ)”3 <<||. take of the simpler form

= v B
(F.t)= 1 Ei+mie—§(ﬁ.rfa,t) _li( ) -
vill, L QEi ~O'Pi U(F—’I)

E +m,

For a collision with a particle spin inversion, which is in agreement with a photon emission-absorption process, with the
energy and momentum conservations,

E=E-E=E,-E, p=P-P=P-P, (160)

|
|

ES
)

for a particle, and

E=E-E=E,-E, D’:lf)]—P3=|34—F)2. (161)

for an anti-particle, which moving in the inverse direction of time by a momentum increase gives a negative energy, in a
collisional volume V, of the colliding particles and of the photon energy exchange,

3 2
e 1
V=l'=L"=L'=L"=4ma——, a= =—. (162)
|p1_|:>3| dmehc 137
we obtain the transition rate
m lS m IS = 3/4 =5 3/4
F:a; 3|23| 4| 4| 2(1+P32J (1+P42j
(E-E) o | ™ ™
= =32 _| 1 3|
i
2 2
1+ = 1+@ 1+=2 || 1+=2 ~P]1 ~P31 ~P‘2 +~P32
5 E, 4 E, E+m E;+m E+m E+m
{~le +~P41 ]2+[~Pzz +~P42 ]2
E,+m, E,+m, E,+m, E,+m, (163)
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It is remarkable that although the expression (156) seems to have a singularity due to the energy conservation, the equality
of the energy variation from the initial energy E, to the final energy E, with the energy E of the emitted photon, E =E, - E, , the final
expression (163), referring to the more complex process of the particle collision has no singularity, the conservation relations
(160), or (161), including two conservation conditions, of the energy, and of the momentum, for both colliding particles.

2. Two-particle decay of a quantum particle

We consider the decay of a quantum particle formed of two more stable fragments, as a process in the volume occupied by
the two fragments,

V=L =L}, (164)

decaying in a quasi-continuum of states (i) and respectively (j), which, according to Fermi’s golden rule, (148) with (150)-
(151) and (155), provides the decay rates

3/2
27 mp; m m P’ NG
Ty =72 Vil g(e)=L7 47z1h4C(1+ EIJEH EIJ(H mzj [*(pp)

i 1 1

) mp. p2 302 )
F(j):?;[|Vj2|zg(wj):L234zzzh4lc(1+rlgj][l+22j[l+rnjzj f(p,0.)| -

2 2

(165)

with transition functions for the spin conservation,

2 1 1 p’ P’ 2 2 p P ’
c |:(p| -p )(E]+lml+|§i+ml]+(pi P, )[E1‘:m]+|§.+ml]j|
2
BN P, J5 p, p;
|£(P,..) =c{(p,‘ - p;)(ézjm+é_+'mj+(p.z - pzz)[li:rmﬂé;mj

and for the spin inversion

—
—_
o
o
e
©
Il

(166)

2
1 1 3 3
P; p P;
vl (plop) =P T | (plop)) =P T
{(pj P )[E2+m2 E +m, (py'-p!) E,+m, E, +m,
Since the two decay rates correspond in fact to the same process, I', =T, =", we obtain the two-particle decay rate

mo.m ] -2 3/4 '2 3/4
r= O, = VYPTLPy (1+p'2j (1+p’]

4zh'c | ?

O O L

We notice that a non-zero two-particle decay of a quantum particle arise only when this particle is composed of two more
stable fragments, and that the decay rate is proportional to the volume of this particle.

(167)

(168)

H. Grand unified theory of the four forces acting in nature

1. Wavefunctions of a quantum particle under the action of the four forces acting in nature

We consider a quantum particle with the two conjugated wavefunctions

N 1 . i Pr-L(r.F )t .
vy (27h)" Jo(Pa)er e

_ 1 ~ J[ﬁrfL(r,ﬁ,t)t] e
Pt)=— rt)e” d’r,
90( ) (27[?2)3/2 IV/( )

(169)
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with a Lagrangian including the four forces acting in nature.
The relativistic Lagrangian including the gravitational force is

L(x”‘,v“):—Mchgaﬂv“vﬂ ) (170)

For a particle with the electric charge e in an electromagnetic field acting in a one-dimensional space of this particle with
the electromagnetic four-vector potential [U (F) A(F,t)] we neglect the gravitational force, which is much smaller than the
electromagnetic forces, as the particle Lagrangian takes the form

=2
L(r,f',t):—Mcz,h—z—z—eu(r)+eA(r,t)r*. (171)

To describe the other two external forces, the weak forces mediated by the gauge/vector bosons in the two-dimensional
flavour space, and the strong forces mediated by gluons in the three-dimensional colour space, we consider the quarks as
quantum particles. For a particle/quark in a two-dimensional flavor space, with the up and down states

(") W, e} a7

78 (f,t
with the electric charges
2 1
€, =—¢€ and €, =—§e, (174)
and the flavor charges

[ _[0
(s} o)

we consider the electromagnetic Lagrangian terms
e [-U(r)+ArYF] and e [-U(r)+A(rt)rF]. (175)
For the three Pauli operators, which can be defined in this space,
01
o =l ) sl +|vo) (vl [1 o]

o, < Wual-lya)lw| [? ‘OIJ (176)

=)l [y )

with the squared amplitudes Tr{criz} =2, we consider a two-dimensional scalar potential of the weak forces,

U, (f)= [Sd ((:;J (177)

(178)
and two-dimensional vector potentials of the weak forces,

&(nr){fw’”} Aa<r,t>=[‘:\2“’”} Az(nw:m’”], (179)

with the vector potential Lagrangian terms,
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t +
Al N2 A3
’ (7. (r.t) rY ).
Ld(r:t):(o qd)|:o-1[—l(r’t) +0, Ajz{f,t) +0; . ‘. r
_ Al (& A2 [ 3 (e =
=g, [ A (F.1) A (F.t) - A (F1) 7 (180)
For a particle/quark in the three-dimensional color space, with the red, green, and blue states
w, (F.t) 0 0
vo=| 0 | fw)=|we (RO Iwmd=| 0 |, (182)
0 0 v, (T.1)
the color charges
g 0
qr: 0 ’ qg: qg s qb: O ) (181)
0 0y
and Gell Mann’s spin operators, which can be defined in this space,
010 0 -1 0
Ve)\Wo |~ |¥q)\Vr
/1'1:|‘//r><‘//9|+|‘//9><‘//r|’ 10 0} j'z:l >< g|i| g>< |’ 00
000 0 0 0
1 0 0 0 01
/13:|l//r><‘//r|_|l//g><l//g|a 0 -1 0 > 14:|l//r><l//b|+|l//b><l//r|: 0 0 0
0 0 O 00
0 0 - 0 00
AFM, 00 0| A=|v)wml+lw)lwl. [0 0 1
i 00 010
00 0
17:|(//g><l//b|i|‘//b><l//g|’ 00 i
' 0 i 0
10 0
ﬂ‘X:|l//r><‘//r|+|‘//g><‘//g|_2|‘//b><l//b| L 0 1 0
3 3 00 -2 ’
(183)
with the same squared amplitude, Tr{ﬂf} =2, we consider a three-dimensional scalar potential of the strong force,
U.(r)
U, ()= Ug(F) , (184)
U, ()
with the scalar potential Lagrangian terms
10 0\(U,(F)
L‘°;=—(qr 0 0) 010 Ug(f) =—qur(f)
00 U, (F)
10 0)U,(F)
Lsg:_(o Qg O) 010 Ug(r) __qug(r)
0 0 1){U,(F)
1 0 0)Uu,(r)
L=-(0 0 g)[0 1 0]U,(F)|=-qU,(F)
0 0 1)\U,(F) (185)

and three-dimensional vector potentials of the strong force,
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(Al
A(Ft)=| U (F) |, i=12,..8, (186)
U, (F)
with the Lagrangian terms, for a red quark in a strong vector potential,
i=1,
0 1 0\ ALY
L=(g 0 0)1 0 0| A(rt)|F=qA/ L, (187)
00 0) A(F.Y)
i=2,
0 i 0\A(RY
L=(q 0 0)i 0| A(FY)|F=—ig A (T.Y)T, (188)
0 0\ &7t
i=3,
0 0\ A(rY
L=(g 0 0)0 -1 0fA(rt)[f=qA(rYr
0 o) By
(189)
i=4 =
0 0 1)A(FY
Li=(q, 0 0)0 0 0| A(rt)|F=0A(F.HF, (190)
10 0) ArY)
i=5
- Aj(f,t)
L=(q, 0 0) 0} A (Ft) |F=—ig A (F.Y)T, (191)
i 0 0)A(rY
i=6
00 ALY
L'=(g, 0 0)[0 0 1| A(rt)|F=0, (192)
0 1 0)| A7t
i=7
00 o)A
L=(g, 0 0)0 0 1J ATt [F=0, (193)
0 i 0)A(rY
i=8
1o o)A
L=(q 0 0)% 01 0 /fg(r,t) ?:%qrﬁf(f‘,t)f‘, (194)
00 2) Ar.t]
a green quark in a strong vector potential,
i=1, B
0 1 0\ A(RY
L,=(0 g, 0)1 0 0 A(r.t)|F=q,ArYF, (195)
00 0) A(rY)
i=2, -
0 -i 0)A(FY
L=(0 g, 0)i 0 o] A(rtF=igA(F.L7, (196)
00 0) A
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L;=(0 g, 0)0 0

(=) (=)
S O =
Ne—

000
L5 =(0 g, 0)0 0 1
010

00 0
L,=(0 g, 0)j0 0 —i

00 —i\Al
L=(0 g, 0){0 0 0} Al
0 0)\ &

LZ =(O 4,

S
S—
& -
N
< —
—_ O
o O

and a blue quark in a strong vector potential,

i=1,
0 1 0) AR A7)
L,=(0 0 qb){l ] At [F=(0 0 g) Art)|F=0
0 A7 .t) 0
i=2,
0 - 0 r(ﬂt)
L=(0 0 qb){i 0 OJ ATt |T=0
0 0 0)A(rY
i=3, .
0 0\ A(rY
L=(0 0 g)[0 -l OJ A(F.t)[F=0
0 0 {”3(“)
i=4,
0 1 r.t)
L=(0 0 g,)0 0 OJ rt) |F=g,A (F.t)7
00 .t)
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i=6, B
0\ A'(F.1]
L=(0 0 g) A (T.t) [ =g,A (T.H)T (208)
LAY
i=7,
0 Ay
LL=(0 0 )0 0 —i|Art)|F=igA(F.t)F, (209)
i 0)\A(rY
=8,
(o A(r.Y )
L=(0 0 qb)ﬁ 0 ég(r,t) rz—ﬁqbpb(r,t)r, (210)

00 -2 Af (F,t)
According to (180), we define the weak vector potentials acting on the up and down quarks in the flavor space,

A (F.t)= A (7.t —iA] (F.t)+ AY(FY)
A (8= A (T +iAT(F.t) - AT (F.E). (211)

According to (187)-(210) we define the strong vector potentials acting on the red, green, and blue quarks, in the color space,

A(1.0)= A (4) -8 (1. + & [1.t]+ A1) A (1.0 + =AY (1.1

(212)
We obtain the Lagrangian terms for the six quarks, up-red,
=2
Lur(r’r’t)__Mucz\’l_;ﬁ_qu(F) unu(F)_qur(r)
+e,A(F,t)F +q,A (F.t)F +0,A (FU)F, (213)
up-green,
L [ . . B,
Lug(r,r,t)z—Muc2 l—c—z—qu(r] q.U, (F)—q,U,(F)
+e AFL)F+q,A (F.UF +q,A (F.HF, (214)
up-blue,
s [ 7 . R .
Ly (F.F,t) =-M,c’ l—c—z—euu(r)—quuu(r) q,U, (7)
+e,A(TLt)T +0,A, (F.1)F + g, A (T.L)F, (215)
down-red,
s r B, B, .
Ldr(r’r’t):_l\/ldc2 l_cT_edU(r)_qud(r)_qur(r)
+&,A(F,UF +, A, (F.t)F +0,A (F.U)F, (216)
down-green,
. s 2
Ly (F.7.t) =-Mc 1—07—edu(?)—qdud(r)—qgug(r)
+e AT )T+, A (T,H)T +q, A, (T,H)F, (217)
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and down-blue,

+edA(I_",t)I%+qud (F,t)?+qb,§](|7,t)r*. (218)
From these Lagrngians, we obtain the corresponding momenta, for the three up quarks,
ﬁu,:iLu,(r,r*,t): M.F +e,AF.t)+q,A (T.t)+ A (F.t)
or 2
==
c
A M, F o . co
P :gLug(r,r,t): = +e A(F.t)+q,A (F.t)+a,A (F.t)
s
= 0 . M, F = . _—
P, =§L\m(r,",t)= = +e,A(F,t)+q,A (F.t)+a,A (F.t),
1——
¢’ (219)

and for the three down quarks,

M, F

P = (1) =R Al QA A
-z
N I M, F = _— .
B ELdg(r’r,t): dr;z +e AP t)+q A (F.t)+q,A (F.t)
s
0 . M,F - ~ -
P =§Lab(f’fat): er2 +e,A(T,t)+ 0y Ay (T.1) + 0, A (1),
1_
(220)
With these expressions, we obtain the Hamiltonians of the six quarks,
oo = o oo M, c? = = =
Hy (F.7ot) = B - L (FF.t) = —===+eU (7] + qU,[F]+ U, (7],
1-:7 (221)
Hag (Fo7.t) = Pf — Ly (FLF.t) = My eU(F)+a, 7]+ U, (F)
) = ' (222)
s
Hy (F.F.t) = By — L, (FLF.1) = M,c* +e,U (F)+ U, (F)+qU, (F)
G , (223)
s
H (rrt):ﬁ F-L (rrt): M,c’ +e,U(F)+aq,U, (F)+qU,(r)
ar\ 't dr dr \ ' o' P d 4~ d ~r , (224)
s
Hyg (FFt) = Byl — Ly (F7,1) = M, +e,U (F)+q,U, (F)+q,U, (F)
w\lh ah ~ Dl lr;z d il ool (225)
s
He (F.F,t) = Pyl Ldb(f,?,t):ch+edU(?)+qud(F)+qub(?)
l_r;z ) (226)
CZ

Forthesesixquarks, with the Hamiltonians (221)-(226), we define the charge vectors, with componentsin the electromagnetic,
flavor, and color spaces,

eu eu eu ed ed ed
e =] g=|Q | €w=|A | €r=|Us|> € =|Ua | € =|0a |, (227)
qr qg qb qr qg qb
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with the scalar potentials

u(r) U(r) u(r)
U (1) =| U, (7] Uy (M) =] U, (7] Uy (F) =| U, ()
U, () U (F) Uy (F)
u(r) u(r) u(r)
Uy (7)=| Uy (T) Uy (7)= U, (F) Uy (F)=| Uy (7) |,
U] 0, 7 ) 228)
and the vector potentials
A(r.t) A(r.t) A(r.t)
AJrt= At | Ayrg=|AlY| Aulrg=| Al
Alry A Alry
A(F,t) A(F,t) A(F,t)
Ay (P t)=| A(F.) Ay, (T.t)=| A(T.t) Ay (Tt)=| A(F.t) .
Alry Al AlrY 229
With these vector representations, we obtain more compact forms for the Lagrangians (213)-(218)
L (F.F.t)=-M,c’ 1—'(r:72—e>u,‘Uu (F)+e, A, (F.H)F (230)

e
L (F.F.t)=-Mc 1 —2—2 —e,, U (F)+ e, Ay ()T (231)

L (F.Ft) =M% 1 22 —e,, Uy (F) ey, Ay (FLU)F (232)
22

L (F..1) =M€ 1—%-edJUd,(r)+edr*1§d,(r,t)r*, (233)
=2

Ldg(F,r;,t)z—Mdc2 1—2—2—edgTUdg(F)+edg+ﬁdg(ﬁt)?, (234)

= = ?2 = e = =
Ldb(r’r’t):_Mdcz\’l_? —eg, Uy (F) e Ay (T 1)T . (235)

e ()= e A - e A
==
— 0 oo NluF A r D A
Pug _EL\JQ(r,r,t)_ 72 +eug Aug(r’t): pug +eU9TAUQ(r’t)
s
5 . M,F
P o b(f,r,t)7 ) +ey Ay (7,1 = Py ey Ay (1),
177
. (236)
0 . M, F 3 A
P :ELdr(r,r,t): d;z +edrTAdr(r5t): Py +edrTAdr(r’t)
-E
I I M,F
Pdg _ngg(r,r,t): dr42 T €44 A ( ) Pag + €y Adg(r t)
-z
_ 0 . M, F
Pio ELdb(l’,l’,O_ : > e Adb(r t) Pay + €ap A (r t)
1- 2
C

(237)
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and the Hamiltonians (221)-(226)

Hy (Bt )= e MC [ B, —e, A, 00| +e,'U, (1) (238)
o (Bt oM [ e A ] 04U (,) 39)
Hoo (Pl ) = €M, 6+ [ B, —e, Ay (1.t] | + 6,70, (1) (240)
H (Pt ) =0 M6 +[By e Ry (1) |+, U, (1) (241)
Hdg(ﬁjg,ﬁ,g)=c\/l\/ldzcz [Py ey Ay (Ft] ] +ey Uy (1) (242)
Hoo (B i) = CJM;CZ [Py e Ay (M) +e0 Uy (). (243)

These equations, as generalizations of the of the electromagnetic equations (31), (32), and (34), lead to a generalization of
the electric and magnetic fields (45),

(244)

of Lorentz’s force (44),

B =, B (1) e, T B (1), (245)

and of Maxwell’s equations (71) with the dimensional quantities (68),

f—Eur(f,t)=%xﬁur(f,t)74zr§u,(ﬁt)

—H_(F,t)=0.
orF ()

depending on the normalized total charge density

4mp, (F.t)=cp, (F.t), (247)

(246)

and the normalized total current density
473 (F) =1 (F) =P, (Fi) =47 3, (F.1), (248)
as functions of the total charge density
10’
rt)=———=U,(F). 249
Pu(Ft) = =0, (F) (249)

Thus, Lorentz’s force and Maxwell’s equations are not characteristics only of the electromagnetic field, but general
characteristics of the three external fields dressing a particle: the electromagnetic field as a photon, the weak field as a gauge
boson, and the strong field as a gluon. It is interesting that the photon and the eight gluons have no mass, as the three gauge
bosons W*, W+, and Z, have mass.

2. Quantization of the fields

The quantization of the fields acting of a quantum particle is based on the equality of the photon energy according to
Einstein’s law,

E=ho, (250)
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with the energy obtained for the corresponding vector potential interacting with a quantum particle,

Alr.t)=Aer " (251)
For an electromagnetic field, from this expression, we obtain the electric field,
0

B - i(prem
=-i

E(r‘,t):—a/l(r',t)=—i%/3be?(p'r el (252)

with the amplitude

E, = %Z\O : (253)

depending on the photon energy which, according to the De Broglie law,

goe [Pl eA (254)
““¢c n n

Is

E =ceA . (255)

We obtain the density of the electromagnetic energy,

- EZ - 2,27 2 .
W:‘goEoz:go?A)zzgocetho Aoz' (256)
From these expressions, we obtain the volume of the photon dressing the quantum particle
2 212 3 2

V=E: CzeA“ __ - = € h3 :47rah—3[m3], a=—F L

W ¢ L, gCeA’ &cp p drghc 137 - (257)

80?(3 A]
I. Cosmology

1. Black hole

Ablack hole is a large agglomeration of matter M, gravitationally concentrated inside the Schwarzschild radius, which, as a
function of the gravitational constant G = 6.67259x10"'m’ Kg™' s, is
G —27 -1
r,=2m=2=Mg =1.4849x10”[ mKg" |M. (258)
c

The radius r, of such a concentration of matter is a function of the volume V, occupied by this matter, with the density p, and
the mass M,

azry’

Mg = peVs = P =0.673446x10” [Kgm™" Jr, m (259)

which, for a matter density #c =10°Kgm™  of the order of Sun’s matter density ps =1.41x10°Kgm™ , is

3
=r, = \/4” g7 0673446 % 107 m=4.0x10"m, (260)
approximately three orders of magnitudes larger than the Sun radius r; =6.96x10°m, as the black hole mass (251) is
M, =2.693784x10" Kg, (261)

approximately seven orders of magnitude larger than Sun’s mass M =2x10"Kg. In the gravitational field of a black hole, a
particle with a null velocity at the infinity, is attracted with a radial velocity

dr dr L, o
—=c—=-¢/1-2| 2| —Z¢s0, (262)
dt  dx r)r

and a radial acceleration

2 2 2
gr_pdr :_i[l—ﬂj[l-ijig%o. (263)
dt dx° 2 r rjr

. . . . . ., dr
This means that an outer particle, r > 1,, at a large distance, 3r, <r <o, moving towards the black hole with a velocity — <0
. dt
t2

, is attracted towards this black hole, j <0. However, at a smaller distance from the Schwarzschild boundary, r, <r <3r,,

2
although the particle approaches this boundary, % <0, itis repelled/decelerated, % >0, reaching this boundary only at a time
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tending to infinity, as its velocity and acceleration tend to null. An inner particle, 0<r <r,, moves towards the Schwarzschild

boundary, %> 0, for sufficiently small values of the radius with velocities much higher than the light velocity, but being

2
decelerated, % <0, and reaching this boundary, only at a time tending to infinity, as its velocity and acceleration tend to null.

This means that at the formation of a black hole, its central matter explodes with a velocity much larger than the light velocity,
travelling towards the Schwarzschild boundary, and having the tendency to concentrate at the proximity of this boundary, but
reaching this boundary, with velocity and acceleration tending to null, only in an infinite time.

To calculate the matter dynamics, we consider Einstein’s gravitation law

R= 871'%,06 , (264)
and integrate this equation over the total volume,
[Razridr = S;r%ijd3* = SH%MG . (265)
0 c 0 c
From this equation with the normalized radius
r
X=—, (266)
Ty

we obtain that at a certain time the black hole matter is contained between two normalized radii x, and x,, X, <X<X,. With
the state parameter

X (%, 1)
n=—">—" 267
X (1_ X1) ( ]
we obtain the dynamic equation
3(1 1
Inp+2| ———|=1
n77+2[x1 Xz) . (268)

as equation (259) provides the connection between the two matter limits x, and x,,

xZ:%+ /%My(xl—xlz). (269)
with an initial state, t = 0,

n=0, x=0, Xx,=1, (270)
and a final state, t =00,

n=e=2718, x=X,=1. (271)

. . , . L 1 . L
For an intermediate state, let’s say the inner matter limit x, = 5= 1, from (261) we obtain the outer matter limit

1
X2:5(1+ 1+77) (272)
as the dynamic equation (260) is
21 -1
Inn e/ (273)

Ji+n+1°

From this transcendental equation we obtain» =0.52, as equation (264) provides the outer matter limit x, =1.116>1.

To calculate the matter time evolution, we consider the velocity (262) as a differential equation

r -1 r -1/2
dx°:(—°—l] H ar. (274)
r r
With the notations
r
R (275)
rO

we obtain the dynamic equation

t(r):2:‘;{;{h[l+\/§}—ln[l— ;)H—\E—;[;jm} (276)
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For the central matter, r <1, , with a Taylor series expansion

In(1+ y)=y—%y2+%y3+... (277)
we obtain a velocity much larger than the light velocity,

3/2
ché[&J 0 o (278)
t 2\r

an explosion of the central matter at the formation of a black hole.
2. Our universe as a large black hole in the total, infinite, everlasting universe

The physics of a black hole, which begins with a big explosion of the central matter with a velocity much larger than the light
velocity, and the continuous process of the emptiness of its inner part, as its inner matter concentrates at the proximity of the
Schwarzschild boundary, suggests us that our universe is a system of visible bodies in the inner part of a large black hole, which
explains its main characteristics: Big Bang, Inflation, its large scale small density, redshift as a gravitational effect, and the dark
energy. Of course, dark matter is only a large number of uncharged quantum particles, which, by this, can be observed only by
their gravitational interaction.

Considering the radius of this black hole equal to the total radius of our universe evaluated in the traditional cosmology
2

. C o . .
[74],1,=2m=4.4x10" m, we obtain its total mass M, = Em ~3.0x10” Kg, as the gravitational acceleration of a body at a distance

rather far from the center, letussayr=r,/2=m,

drr 3r, r\r c? 9x10" m*s™

— = -2 1= |25 =5~ =-245x107ms 279
dt? 2 ( r ][ rjr2 m 22x10%m (279)
Thia acceleration, in the gravitational field of the total universe, is much smaller than the usual accelerations of the cosmic

bodies, as, for instance the radial acceleration of Earth in its motion round Sun, with the radius r. =150x10°m, and the velocity

2xr 27x150%10°m 4 o
Ve = = - =3x10* ms (280)
ly 365d x24h x60 min x60 s !
which is
2 t 2.2
a =V _2XIOmS T 0t me, (281)

. 150x10°m

In fact, the acceleration of the total universe is much smaller than it is obtained by (279), since, at the formation of this
large black hole in the total universe, the gravitational dynamics described by this expression is significantly perturbed by the
electromagnetic and nuclear forces, spreading in all directions the inner matter that forms the bodies of our universe. In this
way, the Schwarzschild metric used for the derivation of the velocity and acceleration expressions (262) and (263) describing
the gravitational dynamics of the matter in the large black hole, is modified by the constant r, which takes a much smaller value
I, due to the gravitational forces of the inner bodies of our universe, that partially cancel the total gravitational force of the

large black hole,
£y
dx’ r)lr
dr 130 )t e
x> 2 r rjrt’ (282)

To explain the redshift, we consider the time-space interval for a far quantum particle, with a radial coordinate r,, emitting

a light with the frequency @,, while this particle travels in the radial direction along the distance Ar, during the time of the light

period T, AxX’ =cT :@ . With the Schwarzschild metric elements of the radial motion,

@

-1 -1
A U I R (S AR (3 (283)
r r r r

and the velocity (282), this time-space interval, as an invariant for a far atom with the coordinate r, emitting a light with the
frequency @, and for the local coordinate r, where this light is detected with the frequency w,, is
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-1 2
As=27C VA" + g, Ar? ZZC\/I—%'—(I—%'] [Ar'oj

@, !
) 2 284
TR T Y .o (R -
:M[l_%uj:m[l_r‘”], >>n >0,

@, h @, n

where @, is the light frequency emitted by the atom in its proper referential. This means that the real redshift is approximately
equal to the observed redshift,

Avy =0y -0, =0y -0, + 0, -0, =0, -0 +Awy, = Aa,, (285)

which is

pony =gy = 2281 )25y ) 2m0fy _ty ) 20y 5o (286)
As r As ) As r As 1,

This expression is a representation of Hubble‘s law, describing a proportionality of the redshift Aw,,, and, according to the
Doppler effect, of the relative velocity between the two considered coordinates r, and r,, with the distance r, - r,, which, in the
traditional cosmology, is considered as a proof that our universe is spreading, with velocities proportional to the distance,
dr,

ot = Hr,. However, it is interesting to calculate the increase of the redshift A, with the two limits of the distance r - r,,
dAw, dAw, 2xcr, dAw, 2zcr, _ 2zcr, dAwm,

= s . > =
dr, dr, As-r?’ d(-r) As-rr, Aser? o odn (287)

This means that this formulation of Hubble’s law does not describe a spreading of our universe, but a motion of our galaxy,
which, after being thrown somewhere in the black hole hosting our universe, at its formation, by the Big Bang-Inflation process,
now, after a so long time, it is attracted towards its center.

We consider a quantum particle of the large black hole of our universe in its proper time t and its coordinates
(x“) :(x° = ct,x‘,xz,x3) :(x° = ct,xi),

V/(Xi,f): 1 3/2_[ (p 2')"3h[pjxJ e V)]d3p

(Zﬂh)
¢(pjaf)=#ﬁ//(x o)e pb (e i,

(27h) (288)
with the Lagrangian
L(x*,v*)==-Mc\[g,,vv/ . (289)

and the time-space interval

ds=cdr = \/gaﬁdx“dxﬁ = \/gdﬂv“vﬁds , (290)

depending on the velocities
o dX* dx
X" =
dr ds
which leads to the fundamental relativistic equation

NIRRT (292)

With these expressions, we obtain the momentum
;oL oL /—
i =-M B _

P= F - cov! a vy

1 a
=—Mc5(gjﬂv"+gajv )=-Mcg;,v*. (293)

=cv”, (291)

L
U

With the Schwarzschild metric elements, and the corresponding velocities in the proper time,
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1 r -1 1/2
— 0 _ _ 1
900_1770’ V= _LO, 9n _7[1770j > v _7(70) , (294’)

we obtain the Lagrangian

(295)

;
L(r,r,v°,v‘) =-Mc? (1 —r‘_’j(

as an invariant, and the momentum (293),

Mc (r )" Mc
'=_Mcg, V' = L =
P o fo_l(rj (&juz‘ A (296)
r r r,

with two singularities. For the first singularity, r = 0, we obtain a null momentum, p* = 0, which means that, at the formation

of the black hole, a central particle is crushed up in the momentum space, being spread in the coordinate space - explosion,
Big Bang. For the second singularity, r=r,, the momentum becomes infinite, p' =+, which means that, at the Schwarzschild
boundary, a particle is crushed up in the coordinate space. It is interesting that, according to this expression, a particle fluctuating
round the Schwarzschild boundary, is brought back towards this boundary with a quasi-infinite momentum,

r——I, = p'——+w0, ——IF = p'——>-0-

It is interesting that equation (296) with this physical consequence (297), are also obtained in a local time, as a quantum
particle has wavefunctions of the form

i[PJxJ —L(x % )t]d3

()= ol e

1
ol p’, w(x',t X.
(p'.t) (mh)“j ( (298)
depending on the local coordinates and velocities,
0 1
O (P S RV B B S CI P (299)

" o

with the Schwarzschild metric elements and the radial velocity

r, R’ o dr )\ 300
O =1=75 Gu=—{1-1) X=um="1-7 1) - (300)
We obtain the Lagrangian
L(x%%*) = =Mc?[gooX" +g;x" :—Mcz\/goox"z +g, X" :—Mcz\/g00 +g,x"
-1 2
__MCZJI_%_@_%] (18] 512
r r r)r r (301)

and the corresponding momentum,

oL oL 0 2 X'
pl="= T =—Mc— \/goo+guxl :_MCL,Z
or  cox OX / !
gOO + gllx

r

-1 1/2
AN AAEA
- _Mc r ro\r) _ Mc

1_& _(l}))m [rjuz.
. nyo_[r
r o (302)

From this expression, we obtain the radial force acting on a quantum particle in the gravitational field of the black hole,
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d 0 . 0 e 1 o 09, .
—p ZEL(xl,x‘)z—Mczgdgm +g,X =—Mc27_lz ( ;(010 4—%xl ]
2\ g00+gllx

1+

) L
=—Mc21r{§[1—%j_§(1—5j ](1—5J2r0}=; : Mcz,
r r r r r r r
2(1——0j . (303)

r Iy

with the two singularities, r= 0 and r = r,. For the first singularity r= 0, we obtain a quasi-infinite force, throwing out the
particle. For the second singularity r=r,, we obtain again a force bringing back to the Schwarzschild boundary any neighboring
particle from the outside and from inside of this boundary.

J. Gravitational wave, graviton spin, and particle spin

In a gravitational wave, as a curvature wave, described by a coordinate variation external field, propagating according to the
covariant d’Alembert equation [66],
ox =0, (304)

we consider a quantum particle

w(xit)= (27;&)3/2 [o((p)er” My

: 1 ; —i[p‘xLL(x“,X”)t} 3
¢(pj,t):7mjw(x,t)e L d’x,
(27[7’1) (305)

with the Lagrangian

L(x“,X“)z—Mcz,/gaﬁX"Xﬂ . (306)

describing this wave by the metric tensor 9. as a gravitational potential.

p

To obtain the gravitational wave for this potential from (304), we multiply this equation with 9, and take into account that
the covariant derivative of a scalar is equal to its ordinary derivative,

9 X, =g (Xl'/‘):v =9 (x",, —Fj’jvx‘ﬂ) =0. (307)
By taking into account the coordinate derivatives, x* , =57, x*,, =(d; )’V =0, the wave equation (304) takes a form

g“T", =0, (308)
depending on the Christoffel symbols, which are functions of the variations of the metric tensor,

0" T = 9" (G + G = 8,0 ) 0. (309)
as due to the symmetry of the metric tensor, this equation takes a simpler form

g [gaﬂ,v —%g,w,aj =0, (310)

To obtain a wave propagation equation, depending on the second derivatives with the time-space coordinates, we
differentiate this equation with x#, and neglect the second-order terms in the coordinate derivatives of the metric tensor. We
obtain the wave propagation equation

g’”[gay,w—%wj:m (311)

which, by interchanging the two indices a and §, is

gw[gﬂ#ym_iw}o_ (312)

Itis i@esting that a null Ricci tensor, describing a coordinate curvature in vacuum, includes the sum of these terms, which
is null,

2Ra/;—g”[g,,v,aﬁ—gwﬁgaﬁ.ww]—m (313)

plus, the ordinary d'Alembert term for the metric tensor, which, according to this equation, must also be null - ordinary
d'Alembert equation for a gravitational wave,
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0" 0up 0 =0. (314)

Since a gravitational wave emerges from the motion of a heavy celestial body, the spatial velocity induced by such a wave to
a quantum particle is much smaller than the time velocity in the proper time,

X <<x’=1, (315)

which means that the local time ¢t is approximately equal to the proper time T, and, consequently, the particle velocity

induced by a gravitational wave in the local time is approximately the same with this velocity in the proper time, x* =v*. With
this expression, the velocity dependent factor of the Lagrangian (306) takes the value of the fundamental relativistic invariant,

ly =9, X ¥ =g,V =1, (316)

In this way, with the momentum of the particle,

) X+ g X .
P = cglx_i - _MCZ%W =-Me ill/gaﬂxil;ﬂ = ~Meg, X', (317)
from the Lagrange equation as the wave velocity in the momentum space of the second wavefunction (305), we obtain the
force exerted on the particle by the gravitational wave,
d i 2. gkl 2o OL 2 Xaxﬂgaﬂ,j 1, ay
ap =cp’ =-Mc7g; XX — Mc g;X —Q——Mc W——EMC Q5 ; XX, (318)
from which by multiplication ¥, and the relations (315), we obtain the particle acceleration under the action of the
gravitational wave,

ok Ly
X :Egkjgoo,j ’ (319)

proportional with the gradient of the metric tensor.

With a first-order solution of the gravitational wave equation (314),

Gpo = Ul X", (320)
depending on the amplitude tensor U,y proportional to the scalar amplitude u,

u,=ug,, u”=ug”, (321)
and the polarization vector |, satisfying the normalization condition

I"l, =9"11, =0, (322)
the dynamic equation (319) takes the form of a constant acceleration in the direction of the gravitational wave propagation,
K< =—g"ugl; = —ugl". (323)
With a second-order solution of the gravitational wave equation (314),

9,, = upglwx”xv , (324)
which, by taking the form

9”u,,l, =u l’=0, (325)
provides the normalization condition of the polarization tensor,

['=0, (326)
the dynamic equation (319) takes the form of a harmonic oscillator,

" | - 1 1
X = 5 gklgoo,j = 5 gkjuoolﬂjxﬂ = EUO(J;X” . [327)
For a gravitational wave propagating in the direction x3, and oscillating in the perpendicular direction x*,

I =1, I' =-1, I;=1]=0, (328)

the dynamic equation (327) takes a form describing a harmonic oscillation in the same direction x*,

X =—%u00x’ , (329)
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We consider a gravitational wave propagating in the x3-direction, which, with the normalization condition (322), is

,=1, I,=1,=0, l,=-1

o1 Pl =0, Po, (330)
With the metric tensor of a weak gravitational field characteristic to a gravitational wave,

R
from (321) we obtain the coefficient U,, of the two dynamic equations (323) and (329),

Ugpp =UJg = U, (332)

as these equations take forms depending on the scalar amplitude of the gravitational wave, for the particle acceleration in
the propagation direction of this wave,

o 1
x3:5ul3’ (333)

and for the particle oscillation in the oscillation direction of the gravitational wave,

X! =—%UX' . (334)

It is remarkable that from the second equation (321), by the multiplication with 9., , we obtain an equation for the metric
tensor amplitude,

TR (335)
with the diagonal sum
uy=4u. (336)
which, for a gravitational wave with the polarization vector |_, takes the form
lLu,=1u. (337)
For a gravitational wave propagating in the direction x3, with the polarization vectors (330) and the metric tensor (331),
these equations take the explicit form,

0 3 00 33
Uy —Uy =0 Uy — 97Uy =Ugy + Uy =U

0 3 00, 33
U —U =9 Uy — g7 Uy =Uy +Uy; =0
Ug - uj = goouoz - 933u32 =Up +U;, =0
ud —ud = g%y, — g% Uy, = Uy, + Uy, = U, (338)
From these equations, we obtain the gravitational invariant

g 1 2
lg =u,u” —4u’ :E(U“ —Uy) +2u,’, (339)

describing a rotation of the metric tensor amplitude u,, in the oscillation plane (x!, x*), perpendicular to the propagation
axis x°. For a coordinate-dependent function, we consider a rotational operator R(éa) with an angle 6z, and the corresponding
rotational displacement 7 ,

if . R
R(5z) T (F) = f (F+6F) = (F)+ 5.-% = 1 (F)+(dax r)g gl (F) (340)
F r
For the rotation of a contravariant vector, this operator is the form
R _ e%§5& , [341)
depending on the angular momentum operator
= 0
S = —ihf x—
==, (342)

which, from a total rotation with an angle 2=, is obtained with the eigenvalue 1. From the invariance of a scalar under a
rotation R(éa), with the corresponding angular momentum eigenvalues,

LS

R(oa)[ A“(F)A,(F)]=A“(T)A,(T)=¢€"
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we obtain the expression of a rotational operator for a covariant vector,
R, =€ (344)
For the rotation with an angle -z /2 of a covariant vector 4,

R.,A= 7”/2(A1 Az) ( —7!/2A17R—/r/2A2):(A2’_A1)' (345)

as for a rotation with an angle -z, we obtain

RLA=R,,'A=R ,(A,-A)=(-A,-A)== (346)

With these rotational operators, with the eigenvaluesR , =-1andR_,, =i, we obtain expressions for rotations of the
elements of the metric amplitude tensor contained in the invariant expression (339),

1
R—n/zuu =U, =Uy, :E(UU + u21)
1
R—n/zuzz =-U =-U, = _E(ulz + UZI)
1
R—n/zuu = R—ﬂ/2u12 =U, =-Uy, :E(uzz - u11)~ (347)

which means that under a-z/2, the two terms of this expression of this expression transform one another,

R, (U —un)T = *ou,
2

1

1 2
2(R7;z/2u12 )2 = 2|:5(u22 - ull):| = 5(“11 —U,, )2 5
as for a rotation with an angle -, they only change their sign,
R, (un - uzz) = R—zr/22 (U” - uz2) =R, (2u12) =Uy—U, = _(un - uzz)
R, (2u12) = szr/zz (2u12) =R, (uzz - ull) ==2U,,. (349)

At the same time, we notice that from the rotation invariance of the scalar product of the double-covariant metric tensor
amplitude with two contravariant vectors,

R(oa@)(u;AB!) =] Ryu, |[R¥A'|[R¥B! | = {e‘iwuij}{eiw A‘}{e’inj}

Sy Tsa . Tsa
(350)

we obtain the angular momentum of this tensor, which we call the graviton spin,

(348)

S, =2n. (351)

This angular momentum, as an eigenvalue of the operator (42), describes the rotation of the metric tensor as a function of
the coordinates of a quantum particle.

We notice that with the fundamental relativistic invariant (316), with a gravitational wave solution (320),

Ly = 0, XX = Ul X)X =1, 1o =1, (352)
is the product of an invariant of this wave depending on the matter velocity field, equal to the scalar wave amplitude,

I, =u

XX =g, XX =, (353)

and an invariant depending on the matter coordinate field,
c=lxt == (354)

The invariant /, describes a matter rotation with the velocity field X correlated to the rotation of the gravitational potential

amplitude u,, , with spin 2. The invariant /., describes this matter rotation with the coordinate field x*, with the polarization

ap ?
vectorl, . From the normalization condition (322) of this vector, with the metric tensor (331),
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g#vlulv — gOOIOZ + gIIIIZ + g22|22 + g33|32 _ |02 _ IIZ _ |22 _ |32 _ 0’ [355]

we obtain a rotation of the polarization vector in the plane (x*, x?) perpendicular to the propagation direction x3,

|12 + |22 = (Rull )2 + (Rzﬂlz)2 = |02 - |32 , [356)
7i27r5

as the rotational operatorR,, =e¢ * =%l means an angular momentum that is called spin, S =1-% for a particle called Boson,

ands = % -1 for a particle called Fermion. From the invariance of the scalar product (346) of the polarization vector|, with the

coordinate vector x*,

R(27)1e =R, LR x* =e 7”1 e “x# =1 x#, (357)

271
we obtain that the two spinss=1.» ands :%% describe coordinate rotations of a Boson and a Fermion. Essentially, the

invariance of this scalar product describes the two spin eigenvalues for the particle matter rotations. This means that the
wavefunctions (305) with the Lagrangian (306), describe not only a matter propagation according to the exponential factor

i

eh[PjXJ —L(x*x )t} , but also a matter rotation according to the relativistic invariant g,,X“X” contained in this Lagrangian, as we

have taken into account in the quantum field theory presented in subsection D.

II1. Discussion

The traditional quantum mechanics, of physical particles as punctual entities, with masses concentrated in null volumes,
randomly appearing and disappearing in space according to a theory describing probabilities, and more than that, of our universe
appeared from a single point initially concentrating its whole mass, without any physical understanding of what existed before,
and what exists beyond its limits, meant a huge difficulty for the young people trying to understand physics, for the physicists
themselves, and for the philosophers trying to understand the world we live in.

Itisremarkable thatall these difficulties can be avoided by a more detailed and attentive examination of the basic experiments
leading to this theory, according to the basic laws of Planck, Einstein, and de Broglie. According to these laws, a particle is
described by propagation waves, in time and space, with the Lagrangian conjugated to time, and the momentum conjugated to
coordinates. The particle dynamics is described by the wave/group velocities in the two conjugated spaces, in the coordinate
space as the matter velocity field, and in the momentum space, as the force field, acting on this matter.

The planetary model of the atom, based on the idea that an electron can have different energies in an atom only by rotations
around this atom, in a solid body cannot be understood as a rotation of a small particle, but only as a particle matter rotation
with an invariant shape. The shape invariance of a rotating electron is in perfect agreement with the electromagnetic theory,
since the electromagnetic radiation is not produced by the rotation itself, but by a variation of the electric charge distribution.
The waves describing the electron motion are merely Fourier components of the electron matter distribution.

The transition matrix element of a vertex of the Feynman diagram, which seems to have a singularity in the process of a
photon emission, as equality of a colliding particle energy variation with the photon energy, in fact has no singularity, since the
energy conservation of a particle with mass emitting a photon without mass, cannot satisfy the momentum conservation. The
energy and momentum conservation of two colliding particles by photon exchange is a property of the whole collisional process.

We describe the four forces acting in nature, the internal force, as a curvature of the four-dimensional physical hypersurface
depending on the matter mass density, producing gravity, and the three external forces: 1) the electromagnetic force, acting in
a one-dimensional space, by a four-dimensional potential, 2) the weak force, acting in a two-dimensional space, called the flavor
space, by the three four-dimensional potentials of the independent Pauli operators, which can be defined in this space, and 3)
the strong force, which acts in a three-dimensional space, called the color space, by the eight four-dimensional potentials of the
Gell-Mann operators, which can be defined in this space. For the six quarks, up-red, down-red, up-green, down-green, and up-
blue, down-blue, we obtain six Lagrangians, as sums of three terms: 1) the relativistic Lagrangian, 2) the scalar product of the
complex charge with the complex scalar potential, and 3) the scalar product of the complex charge with the vector potential-
velocity product. In fact, we distinguish dark matter, with mass but without any charge, and visible matter, with electric, flavor,
and color charges, corresponding to the three possible external forces. The relativistic Lagrangian, proportional to the square
root of the time-space interval, as the product of the metric tensor with the external square of the matter velocity, describes a
gravitational field rotation, called the graviton spin, correlated with the particle matter rotation, called the particle spin.

The outer part of a black hole is a time-like region, with a positive time term and a negative space term, as the inner part
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of the black hole is a space-like region, with a negative time term and a positive space term - under the action of gravitation,
a black hole is continuously emptied by its matter, continuously concentrating at its Schwarzschild boundary. However, this
gravitational process is strongly perturbed by the external forces, forming inside various objects colliding with one another, and
spreading in all directions through the whole inner space. Evidently, this system of bodies, with spherical large-scale symmetry,
can be described by a Schwarzschild metric, as a time-like region. The matter dynamics of a black hole suggest a model of our
universe as a system of bodies in a large black hole, where its general properties, as Big Bang, Inflation, redshift, dark matter,
and dark energy, are explained according to general relativity.

IV. Conclusion

In this paper we reformulated quantum mechanics according to a more detailed analysis of the basic laws of Planck, Einstein,
and de Broglie, in fullagreement with classical logicand general relativity. According to this theory,a quantum particle is described
by distributions of matter in the two conjugated spaces of the coordinates and momentum. The two conjugated wavefunctions
describe the matter dynamics according to general relativity, and the mass quantization rule, as the equality of the mass as a
dynamic parameter, with the mass as the integral of the matter density described by such a wavefunction as amplitude of this
density. A particle wavefunction describes the particle matter distribution and propagation, by a time dependent wavefunction,
with Fourier component phases proportional to time, and a propagation operator, with a phase proportional to the coordinate-
momentum product, applied to this wavefunction. The time dependent wavefunctions satisfy dynamic equations similar to
the Schrodinger equation, but instead of the Hamiltonian, with the Lagrangian, which leads to the agreement of the dynamics
described by these wavefunctions with the Hamilton equations. According to the new theory, particle dynamics is described by
two dynamic equations, in the two conjugated spaces, of the coordinates and of the momentum, depending on both operators
with conservative eigenvalues, the Hamiltonian and the momentum. The physical interpretation of these wavefunctions, as
amplitudes of the matter density, is based on the remarkable property of the equality of the wave velocities with the velocity of
the coordinates according to general relativity.

We obtained Lorentz’s force and the Maxwell’s equations as simple theorems in the special relativity, and generalized
these equations for general relativity. Based on these equations, and the experimental procedure of J. P. Covey, 1. Pikovski,
and J. Borregaard, clearly explained by D. Minic, the agreement of quantum mechanics with general relativity can be probed.
We applied the new theory to important fields of physics, as the quantum field theory, quantum electrodynamics, a unified
theory of the four forces acting in nature, and black holes, and proposed a new model of our universe, in full agreement with
classical logic, classical ontology, and general relativity. It is remarkable that our universe, as a part of a four-dimensional
hypersurface in the total universe with a larger number of coordinates, has a physically inaccessible neighborhood, which, on
unphysical coordinates, could include objects and phenomena which cannot be detected by the four forces acting in our physical
hypersurface, and other physical hypersurfaces.
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