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ABSTRACT
Essentially, in this paper we propose a new description of the quantum dynamics by
two relativistic propagation wave packets, in the two conjugated spaces, of the
coordinates and of the momentum. Compared to the Schrédinger-Dirac equation,
which describes a free particle by a wave function continuously expanding in time,
considered as the amplitude of a probabilistic distribution of this particle, the new
equations describe a free particle as an invariant distribution of matter propagating
in the two spaces, as it should be. Matter quantization arises from the equality of the
integral of the matter density with the mass describing the dynamics of this density
in the phases of the wave packets. In this description, the classical Lagrange and
Hamilton equations are obtained as the group velocities of the two wave packets in
the coordinate and momentum spaces. When to the relativistic Lagrangian we add
terms with a vector potential conjugated to coordinates, as in the Aharonov-Bohm
effect, and a scalar potential conjugated to time, we obtain the Lorentz force and the
Maxwell equations as characteristics of the quantum dynamics. In this framework,
the conventional Schrédinger-Dirac equations of a quantum particle in an
electromagnetic field obtain additional terms explicitly depending on velocity, as is
expected in the framework of relativistic theory. Such a particle wave function takes
the form of a rapidly varying wave, with the frequency corresponding to the rest

l

energy, modulated by the electric potential U(x ) where this particle is confined,

J i
the vector potential (x ’t) of the electromagnetic radiation, and the
gravitational potential. In the gravitational field of a black hole, the velocity of a
quantum particle is directed to the Schwarzschild boundary from the outside and
from the inside, without passing this boundary. When the very strong gravitational
field of a large agglomeration of matter has spherical symmetry with a radius
smaller than the Schwarzschild radius, the quantum particles in the central region
are crushed up to quasi-uniform distributions of matter, exploding with velocities
much larger than the light velocity, towards the Schwarzschild boundary, but
decelerating in the gravitational field and reaching this boundary only in an infinite
time. The matter of a black hole has the tendency to concentrate around the
Schwarzschild boundary, with a radius proportional to its mass. In this framework,
we believe that our universe is a huge black hole, with the explosion of its central
matter as the Big Bang-inflation process, and an increasing radius on account of an
absorption of matter from the Total Universe, where our universe has been formed.
In a gravitational wave, the time-space interval in the first-order approximation is
the product of a gravitational invariant including the amplitude tensor, and a
coordinate invariant including the polarization vector. The gravitational invariant
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describes a rotation of the metric tensor around the direction of the propagation of
this wave, with spin 2, as a gravitational quantum called graviton. The coordinate
invariant describes a matter rotation with the spins % for Fermions, and 1 for
Bosons. From the new dynamic equations, for a free particle in the coordinate and
momentum spaces, we reobtain the two basic equations of the quantum field
theory, but with a change of sign, and an additional term depending on momentum,
to the rest mass as the eigenvalue of these equations. However, when these
eigenvalues are eliminated, the wave function takes the form of a wave packet of
spinors of the same form as in the conventional quantum field theory, with a
normalization volume as the integral of the ratio of the energy to the rest energy,
over the momentum domain which gives finite dimensions to the quantum particle,
as a finite distribution of matter in the coordinate space.

INTRODUCTION

In the conventional quantum mechanics, a quantum particle with an inertial mass M is
described by the Schrodinger equation?!

L0 . . -
1h51//(r,t) =H(7,p)y(7,t)

, (1)
which means that the Hamiltonian
)
- . N D .
H(r,p)=T(p)+U(r)=——7+U(r
(7.5)=T(5)+U()=L-+U (7) 2
is an operator of the form
0
H(r,p)=1h—
(7.p)=in~ G
With this operator and the momentum operator
~ .. 0
p=-h—
or (4)
one obtains the explicit form of the Schrédinger equation,
., 0 W0
ih—y(r,t)=|———+U(F r,t
By ()| g U 7)) .

With the energy £ as a Hamiltonian eigenvalue, this equation takes the form of the steady state
Schrodinger equation

15 (F)=| -2 LU (7) |y (7) = By (7)
PAE)=| U )< 0) .

which is in very good agreement with the experimental data in numerous applications of
atomic, nuclear, and condensed matter physics. With a solution

A pye

y(F.)=e’

Yo (’7» (7)

)
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of the time dependent Schrodinger equation (1), for a time dependent operator in the
Heisenberg picture,

TuGpy  —iH(Ep)y

A(t):eh T de

, (8)
we obtain the Heisenberg dynamic equation
0
—A(t H(r,p),Alt
2=, [H(7.5).4()] o

This equation for the coordinate and momentum in a direction*, seems to be in agreement
with the Hamilton equations,

2ot 2200

ot M
2 {p.to)=-{"20)

However, in fact this is not true, since for a null potential U(x,t):() the solution of the

(10)

Schrodinger equation (1) is a plane wave, while the mean value of the coordinate <x(t)> does
not make any sense - the Hamilton equations also correctly describe the free states. According
to the momentum operator (4) and the Hamiltonian operator (2), we might consider the
solution of the Schrédinger equation (1) as a propagation state, of the form of a wave packet of
the momentum eigenstates,

B} 1 . i[wm] L SuGrp o TG e
y/(r,t)zmj.(o(p,t)eh d’p=——">e? Igo(p,t)e

(2 h)s/z | 1

which, in fact, stands at the basis of the derivation of this Schréodinger equation!. With the
inverse Fourier transform

[pr ~H(p,F z] 1 iT(ﬁ)tJ-W(ﬁ )e—f[p)—U ]

o(pt)=——z [w(Ft)e

(27 h)

the dynamics of a quantum particle take the form of two wave packets propagating in the two
conjugated spaces of the coordinates and momentum. We notice that the wave packet (11) of a
realistic quantum particle, with small dimensions in the coordinate and momentum spaces,
with the group velocity
dF _or(p) _o 2 j(p.7)
dt ap 6p '

: (12)

(13)

is in agreement with one of the Hamilton equations, as the wave packet (12) with the group
velocity
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gé_abqf)_jz .
a o a7 (14)

is in contradiction with the other Hamilton equation - a minus is missing.

QUANTUM DYNAMIC EQUATION FOR PROPAGATION STATES
For dynamics in full agreement with the Hamilton equations, instead of the wave packets (11)
and (12) obtained from the Schrodinger equation (1) with momentum (4), we consider the
wave packets
~{pr{1(p)-U (7)1}

w(?,t)zmjgo(ﬁ,t)eh

1 Lo L]
=—3/2j¢)(p,t)€h[p L(p ]d3p

(27h)
(2 ;)3—/2 LG L
T

1

i (27rh)3/'z ,[‘//(’75t)e?[ﬁ%(w)t]dﬁ,

d’p

o(p.t)=

(15)

with the group velocities for small particles
d# oT(p) o Lo

&) 0y

dt op op

d_p:_aU(F) 0

—— % H(p.7).
o () (16)

With the Lagrangian as a function of the Hamiltonian,
=2 =2

L(ﬁ,?)zﬁ?—H(ﬁ,?)=%—H(ﬁ,?)=2PW—U(F)

=T(p)-U(F), (17)
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the wave functions (15) take a form
~{pr{ pr-H(p7) |t}

v (7.t) = —— [o(pr)e’ S5y, (7.)

(27z'h)3/2
1 _ % pr(pF-E)t] 5 _
G lele0 T
- 1 L -HBA) 5. —p
§D(Paf)_(2ﬂ_h)3/2 jl//(r,t)e ”{ Lor-t( )]}d F=eh (p,(p,t)

(18)

where we distinguish the time dependent factor Vi (r,t) of the wave function, satisfying the
dynamic equation

ihgw,(f,t):[ﬁ-H(ﬁ,f)]y/,(f,t)

) (19)
which, with the Hamiltonian (2) and the momentum (4),
m[ﬁﬂfi) (Ft)=—| -2 & U7 |y, (7.1)
a o )V oM o Ve 20)

takes a form somehow similar to the Schrédinger equation (1) for the time dependent factor of
a propagation wave function,
. d - . -
ih—w, (F,t)=—H (p,7 )y, (F.1)
de o (21)

We notice that with a time dependent linearization of the coordinates” =7t , valid for a free
particle, the propagation state (18) is reduced to its time dependent factor, generated by an
evolution operator

i

—Ht

Ut :eh (22)

It is interesting that by this linearization, the wave function (18) is reduced to the solution of a
Schrodinger equation of the form (1), with a nonsignificant change of sign, only because we
preferred to keep the minus sign for the momentum operator (4), as the Schrédinger equation,
symmetric with the momentum, does not depend on this sign. However, this linearization
means a null potential, which means that, in fact, the dynamic equation obtained in this way is
not the Schrodinger equation (1), but only a particular form, with the null potential energy.

QUANTUM PARTICLE AS A DISTRIBUTION OF MATTER
The wave equations (15) suggest a relativistic form, with the relativistic Lagrangian?

L(x“ ") =—Mc*[g, " ' (23)
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a p
where £ is the metric tensor depending on the gravitational potential, and ¥ " are the
time-space velocities of the Fourier components,

o I _ 4"
ds cdr, (24)

1%

in the proper time 7 as a parameter representing the travelled time-space interval
ds=cdr =, /gaﬂdx“dxﬂ

(25)
We obtain the wave functions '
w(x'7)= WJ.qo(Pj,T)eh[w_L(xa’va)T}d3P
J o\ 1 ; —%[P’xj—L(x“,v“)r]d3
o) G v e ) 26)

with the proper time 7 as a parameter of motion in the local system of curvilinear coordinates
_ a\ __ 0 __ i
x—(x )—(x —ct,x)_ (27)

We notice that the differential of the time dependent phases of these wave functions,

L(x“,v“ )dr =-Mc*dr gaﬂv“vﬁ =—Mec, /gaﬂdx“dxﬁ =—Mecds = —-Mc*dr

— _ A2 o p
=-Mc 1/gaﬂx x”dt (28)

is proportional to the differential time-space interval, which means that the relativistic
principle of the invariance of the time-space interval is equivalent to a quantum relativistic
principle of the invariance of the time dependent phase, which determines the particle
dynamics.

By dividing expression (25) by ds , we obtain the fundamental equation for velocities:
a B
V'V =1

(29)
With this equation, the symmetry of the metric tensor, and the canonical momentum
. OL , O = 1 0 B w i
P’ = i —Mc 7 g vV = —Mc——( gV +g, vV )

2'\’gaﬂvavﬁ ov’
B a
8ipY T8V _ .
=-Mcg, V'

a_ f H ’
2, /gaﬁv v (30)

the group velocity of the wave packet (26) for a small particle in the coordinate space is

=-Mc
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ixf _ GL’ _ 6(—Mc21/gaﬂv“vﬂ)
dr oP’ 8(—Mcgjyv”)
j

c 0 2/
=cv’,

- g V' +g vV )=
2Jg 8(gﬂﬂ”)(‘w e eNE (31)

as the group velocity in the momentum space is of the form of the Lagrange equation,

%Pi :%L(xa’va). (32)

With a metric tensor as a function of the curvilinear coordinates describing the gravitational
field, the time derivative of the momentum takes the form of the gradient of the scalar potential
of this field,

d . M 0 1. 5y
—P = =——McVvNV'g,,

'gaﬂ
d / ay,f Ox’ 2
4 2\(g V'V X . (33)

From equation (31) for a very narrow momentum spectrum £ ’, we obtain the propagation
d

j
J -—X M
velocity M of a Fourier component of the wave function (26) as a velocity d7 of its
maximum value. We notice that with the constant Lagrangian (28), as the time dependent phase

of a Fourier component34, the wave function (26) describes a distribution not depending on

. x,t)=w(x' -x',,0 . . i
time, l/j( ’ ) l//( M> ), but only on the propagation factor with the phase P’x’ and the
momentum spectrum, which, as an integral of such a distribution, is also time independent

qo(P",r) - go(P’ ) These integrations will be performed in the last section, in the momentum
one wave approximation of the quantum field theory. This suggests the interpretation of this
wave function as an invariant distribution of matter, with a sufficiently narrow momentum
spectrum propagating with the group velocity (31). From the fundamental equation (29), we
notice that the invariant time dependent phases of the wave functions (26) with the Lagrangian
(23), do not depend on momentum, but only on the proper time 7, which means that, at any

time, the width AX’ of the particle is given only by the product Ax” - AP’ of the coordinate
dependent phase. These wave functions represent constant distributions of matter propagating
in time, unlike solution (11) of Schrédinger equation (1), with the time dependent phase
proportional to the Hamiltonian, which leads to a rapid increase in the time of the width of the

particle wave function,

Ap = (ﬁﬁ—(ﬁY'Af0)=3%;{

, as a function of the momentum spectrum width

On the other hand, since the covariant derivative of the metric tensor is null,

Services for Science and Education - United Kingdom 114



Stefanescu, E. (2021). Unitary Theory of Quantum Mechanics and General Relativity. European Journal of Applied Sciences, 9(4). 108-153.

8uvo :O' (34)

from the fundamental equation (29) for any matter element we obtain the relation

v v, =0 (35)

)

which, by multiplication with v,

Va:UVO-Va = 0 (36)

)

o

o
. . . . . % A%
means that this equation describes a covariant acceleration * ©° of a matter element

perpendicular to the velocity Ve | More precisely, with an acceleration 4“, induced by an

external (nongravitational) field to any matter element, we obtain a change in the geodesic
trajectory depending on the parameter 7 2,

BV TH VO Y7
ViV ==y + AT (37)

With this expression we find that an external (nongravitational) field induces a covariant
acceleration,

A" = (v“,v +1"ffdv”>vv =V V" (38)

which, with (36), is perpendicular to the particle velocity in its proper time,

“y,o _
A vﬂ—O_ (39)

From the group velocity (31) with this equation, we find that the acceleration induced by the
relativistic Lagrangian (28) under the action of an external field on a matter element is
perpendicular to its velocity. In this way, the wave function (26) with the Lagrangian (28) is a
packet of rapidly varying waves, with a large frequency component proportional to the rest
energy, any external field changing the perpendicular direction of the propagation velocity on
an external field only as a weak modulation by small additional terms to this Lagrangian.

For such a distribution of matter we consider a positively defined density

p(e)= My (.o )f (40)

with an amplitude function normalized to 1,

I‘w(xi,r)‘z d3x:1. (41)

For this amplitude function, we consider a Fourier series expansion describing the matter
dynamics according to general theory of relativity, of the form (26) with a time dependent
phase of the form (28). Such dynamics can be conceived only as a function with inertial

characteristicsM of the Lagrangian, as the wave functions (26) are density amplitude functions

of a matter distribution with a total mass M,. We consider the equality of these two differently
defined masses,
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J.,z)()c",r)d%c=MOJ.‘1//()C’A,2')‘2 d3x=MO:M' (42)

as a quantization rule of the matter distribution. In this framework, a quantum paricle>¢ can be
understood as an element of a continuous distribution matter, with the mass and dynamics
given by the dynamic characteristics of the matter density, according to the general theory of
relativity.

QUANTUM MATTER CONSERVATION
In the previous section, we showed that a quantum particle is a distribution of matter
propagating in space with an unaltered shape in a free motion, with a mass determined by

density dynamics characteristics. We consider a quantum particle of mass M , with the density
scalar field P in two systems of reference,

0 I 2 3 0 1 2 3
[p(x) "' de*dx” = [ p(x*) J dx'de'd’d’ = ' (43)
where
_ o
J =Det(x!) (44)

is the Jacobian. We notice that the elements of this Jacobian are elements of a tensor
transformation, which for the metric tensor is

8up = XX 58,0 (45)

From this relation, we obtain the Jacobian as a function of the determinants of the metric tensor
in the two systems of reference,

e

!

& (46)

With this expression, from equation (43) we obtain the transformation relation of the matter

density, as a scalar field with the scalar density2 V™8,
y7s 0 4.1 3.2 4.3 _ 01..1 2 1.3
jp )—gdx" dx" dx” dx jp ,/gdxdxdxdx 47)

For a density of the matter of a quantum particle, we consider the matter flow four-vector

J‘u = pv/.l' (4’8)

which satisfies the conservation relation of a null covariant divergence,

uo_
T=0, (49)

By using the expression of the covariant derivative as a function of the ordinary derivative, we
obtain the covariant divergence

T4, =S AT =T 4T (50)
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With an index interchange of the symmetric metric tensor in the Christoffel symbol,

L, = %g"‘ (a0 & = 8ot ) = %g‘“gw,v
T DR (V=2),
zzgg;—gbg)tgh=—vj;n o1
the condition (49) takes the form of a null ordinary divergence,
S =), =0 (52)

With the Gauss formula, by integrating this equation over a volume V' with the scalar density
V~& , we obtain the conservation relation, of the time variation of the matter contained in a

volume”’ by a matter flow through the surface 2y of this volume,

Upvo Ed%cj = —J,ov’”\/% X"
Vv 0 P ,

(53)
which, in the nonrelativistic case, V' <<y = 1,
J° :pvo =p, (J ):p(v ):,0—
c (54)
takes the classical form of the matter conservation,
0 3o P
P _[ pd’r = —J.,ovd iz
v Zy . (55)

From the conservation equation (53), for the matter of a volume

V(T):{xj (T)’le(f)<xj <xf(z-)} of a quantum particle propagating as a constant
X,

o : : 7),x, (7 : :
distribution of matter in the 1nterval{ ( )’ 2( )}, we obtain a null matter velocity through

x’ (7)}. : . . : .
the surface{ ( )} In the conservation equation (53), the velocities V" of a differential matter
element with the coordinates X", for a constant distribution of matter with a density (40), is the

resultant of the velocities V" of the Fourier components for these coordinates, which is equal
to the propagation velocity of the wave packet (26).

QUANTUM PARTICLE IN ELECTROMAGNETIC FIELD
The wave functions (26) describe a black particle, a black matter, observable only by
gravitational effects. We now consider a quantum particle in a local system (27), with the wave
functions (26) which, with the Lagrnangian (28), are of the form
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t//(xi,t) (27 h)3/2 ,[(ﬂ PJ eh[Pj <o xa”d3P
4 1 : —i[Pfx"—L(x“,X“)t} 3
QP t)=——F7|v(x.t)e?" d’x.
(P o) N

The time dependent phase of the wave function (56) of a particle, as the amplitude function of
the density (40), takes a linear time dependent form with a constant Lagrangian function (28)

( ) ’

i)
by the linearization of the invariant integral © ! ,in the spatial
domain of this particle. Such a linearization of the time dependent phase is justified for a
realistic quantum particle that is usually much smaller than the curvature nonuniformities of
the physical space, as no coordinate variation of the metric elements in this integral is
significant, and the velocities are constant. When the quantum particle has a charge, coupling
this particle with a field, the differential time dependent phase (28) obtains additional terms
proportional to this charge. For an electric charge ¢ interacting with an electromagnetic field,
the time dependent phase (28) obtains additional terms with a potential conjugated to the

: : L A(Ft : : .
coordinates, which we call vector potential (r, )’and a scalar potential conjugated to time,

which we call electric potential U(?)’
L(F,7.t)dt ==Mc’ [ "dt + eA(7t)dF —eU (F)dt

= (-Me* [ 7+ e (7 t)F —eU (7)),

(57)

where the first electromagnetic term describes the Aharonov-Bohm effect’. Here we considered
atime independent electric potential and a time dependent vector potential as in the atom-field
interaction®9210.111213,14 Eor the Lagrangian we obtain the canonical momentum

= 0 Mé

P=—L(r,r,t) — +eA(r,t)=p+eA(r,t)

or e
" , (58)

—

. Do . A7 :
as a sum of the mechanical momentum# with the electromagnetic momentum ¢ (r,t)_ With
this momentum, we obtain the Hamiltonian

H(Pr)= i - (7.t =2 vt (7) = E(7.7)
L

2

¢ : (59)

with the energy as a conservative function. With the identity
M’c

=p +M>c
7’
==

¢ : (60)
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from (59) we obtain the canonical form of the Hamiltonian,

H(P,F,t) c Mzcz+p +eU \/Mz eﬁ(?,t)}2+eU(f)

(61)

For a quantum particle much smaller than the significant variation dimensions of the
electromagnetic potentials, from (58) we obtain the electromagnetic force acting on this

particle,
—P—e—A(F,t)=il3—eg;1(7,t)—e[7ij;1(7,t)

F,=
& or oF

Q-lg_
||

(62)

In this expression, we consider the time variation of the canonical momentum as the velocity of
a wave packet in the momentum space of the form (56), which is of the form of the Lagrange
equation. With (57), this variation is

dp- iL(F,?,t) = ei[/](f,t)ﬂ—eiu(f)
dt or or or _ (63)
With the first term of (63) from the vector formula
?x{ix;l(?,t)} LT (r)] —(#i]ﬁ(m)

or or or , (64-)
and the expressions
= 0 0 -
E(F,t)=—=U(F)-—A(F

(1) =-2U (7) -2 (7.1)
B(r.t) =L A(7.0),
or (65)

of the electric and magnetic fields, from (62) we obtain the Lorentz force
F, =eE(F,t)+ei x B(F,t) (66)
From (65), we obtain the Faraday-Maxwell law of the electromagnetic induction,
9B =—L B(r.1)
Oor ot ) (67)
and the Gauss-Maxwell law of the magnetic field,
9 B(7.1)=0
or i (68)
With the gouge condition,
iA(r t) 0
or , (69)
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we obtain the Gauss-Maxwell law of the electric field, with a source p(r,t)'

) N
iE(F,t):—%U(F,t):M
A

or & (70)
where 0 is a dimensional constant called electric permittivity. For field propagation we

consider regions with uniform charge densities. For a sphere S with surface Zs , we obtain a
flux equation

j.E(F,t)d&zgioJS.p(F,t)dV

(71)

with the electric field source’o(r’t) as the density of a charge 9, according to the Coulomb
formula

o q 7 1 7 -
E = —= - dr
(7.1) dreg’ v Ameyr’ r-!p(r’t) _

(72)
For a uniform distribution of charge, from (70) we obtain
i[iﬁ(ar)} -1 =0
or | or &g, or (73)
which leads to the vector formula
2 2
ix{ixﬁ(?,t)} - i{iﬁ(?,t)}—%E(?,t) —— 2 B(F0)
or | or or | or or or _ (74)

With this expression, from the Faraday-Maxwell law (67), we obtain the Laplacian of the
electric field as a function of the magnetic field
2
9 E(ri)=2 2 xB(7.1)
oF ot oF _ (75)

For the electric field we consider an equation of propagation that, for the physical consistency
of the theory, has a velocity equal to the maximum velocity ¢ of a particle according to the

theory of relativity, and, for a region with a uniform charge density ©, a dissipation rate 7,
2 1 2 _

O E(F0) =~ | L E(Fa)+y L E ()

or c| ot ot _ (76)

From (75) and (76), by a time integration with a dimensional constant Ho called magnetic
permeability, as a function of the electric permittivity and the light velocity,
1

\ ok ' (77)

Cc=
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we obtain the Ampere-Maxwell law of the magnetic circuit of the form

L L B(7t) = = E(7ut) + e E (721

Hoy OF . (78)

For a more explicit understanding of the dissipative term of this equation, we consider the last
tem of this equation as the total time derivative of the electric field,

4 B (r.0)= gE(F,t)+(?ijE(?,t) _ O E(rua)+yE (o),
dt ot or ot (79)
where 7 is the charge velocity field induced by the electric field E inits direction,
FxE(F,t)=0 (80)
With the curl of this null vector and the Gauss-Maxwell law of the electric field (70),
O [FxE ()] = ?{ié(m)}_[?i}am _ ;ﬁ-[;ijﬁ(f,;) ~0
or or or & or (81)
from equation (79) we obtain
FL = yE(7.1)

€ . (82)

We obtain a charge velocity field proportional to the electric field, with a charge mobility #
coefficient,

F:luE(F,f)' (83)
as the dissipation rate of the electric field is proportional to this mobility and the charge density,
V= £ P

& (84)

With this expression and (83), for a field current,
](F,t)=p77=ypE(;7,t)=50}/E(F,t)=0'E(17,t) (85)

the Ampere-Maxwell law of the magnetic circuit (78) takes the conventional form
L0 B = ()6, L E(71)

From this equation with the Gauss-Maxwell law for the electric field (70), we obtain the
equation of the charge conservation,

0 =,. o .
—j\r,t)=——=—pl|F,t
Zi(0=—2p(r) o
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In this way, we obtained the dynamics of the electromagnetic field from the condition of
interaction with a quantum particle, for a velocity of propagation of this field equal to the
maximum velocity of the particle according to the theory of relativity. The universally accepted
Maxwell equations are in agreement with the expression (56) of the wave functions of a
quantum particle, as distributions of matter with equal velocities of its differential elements.
The conservation of the matter with mass of a quantum particle, and of the electric charge, show
that, although we can detect only the total mass M and charge € of a particle, the mass and the
charge densities are characteristics of the continuous matter distribution of the particle.

QUANTUM PARTICLE IN ELECTROMAGNETIC AND GRAVITATIONAL FIELDS
The dynamics of a quantum particle in an electromagnetic field is described by equation (21)
with Hamiltonian (61), and we consider Dirac’s form?>

H(ﬁ,?):c(aOMc+alpl+a2p2+a3p3)+eU(z7)' (88)

with Dirac’s operators
i o0 0 o 0 o, 0 o,
%= AT 0 ’%:U 0 ’%:G 0
— o
0 1 1 2 3 , (89)
as functions of the Pauli spin operators,

[0 1} (0 —i] (1 oj
(71 = , (72 = X , (73 =

which satisfy the commutation relations

{ai,aj}ZZé;j, {q,Jj}:zdj, O_l.Uj :ié‘ijko_k. (91)
With the mechanical momentum as a function of the canonical momentum operator (58),
~ .. 0 =
D =—ih——eA(F,t)
or , (92)

for the wave function four-vector,

l//t - ’ l//l - H ‘//2 -
v, ?, @, ) (93)

we obtain a system of four coupled dynamic equations,

+c[—ih§—eAx (F,l)j%(F,t)—ic(—ih%—eAy (F,t)]¢4(7,t)+c(—ih§—eAz (f,t))% 7.1) .
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(0 .0 .0 .0 - - -
_lh(5+xa+y5+z§j¢2(r,t):(M02+eU(r))(p2(r,t)

+c(—ih§—eAx (?,t)j o, (?,t)+ic[—ih§—eAy (F,I)J% (?,t)—c(—ihag—eAz (;7,t)jg04 (17,1‘)
V

x Z (94b)
(0 .0 .0 .0 - ) - -
—1h[5+xa+y5+zgj(p3(r, )=(—Mc +eU(r))(p3(r,t)
+c(—ihi—eAx(F,t)}(pz(?,t)—ic(—ihi—e/l,(?,t)}oz (F,t)+c(—ihﬁ—eAz (F,t)jgol (F,t)

ox ay ! 0z (94C)
(0 .0 .0 .0 ~ ) - -
—1h(a+xa+y5+z£jq)4(r,t):(—Mc +eU(r))(o4(r,t)
+c(—ih£—eAY(F,t)}(pl(F,t)Hc(—ihi—eA (f,t)j(pl(f,z)_c(-mi_eAz(f,t)j%(f,t),

ox ’ 8y g 0z (94(:1)

which, compared to other similar relativistic quantum dynamic equations®¢, include an explicit

dependence on the velocity (x,y,z).

To take into account a gravitational wave, we consider the Lagrangian (57) in a system of
curvilinear coordinates with a time-space diagonalization,

L(x”‘,fc“) =—Mc* /g, +gi/.)'c[)'cj —eU(xi)+ecAj (x“))'cj . (95)

With the momentum

oL _McgUXi +ed’ (x” )

.J - o .
cox / oo + 8uX x* ' (96)

we obtain the Hamiltonian

Pj —

H:ch)'cj—L(x“,)'c“): , +eU(x’)
o)
oo T &X' X _ (97)
With the expression
Mg 2 ~M*c’g %%’ Mcx’ (P’ —eA’
cg(?? 780w glj-i.j +M?*c? = &oo ( , A)"'Mzcz
8o T8 X X 8oo T 8;X X oo T &X' X’

Mk (PP —ed) W M (P —ed)
=8| 9 Y +Mc” |=gy| & 8w Y
8oo T&jX X 8o T & X X

= gu| M’c*—g" (P —ed’)(P* —ed') ],

+M?3c?

(98)
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from the Hamiltonian (97), we obtain the canonical form

H= c\/goo (Mzc2 ~g’ [Pi —ecA' (x” )] [P-’ —ecA’ (x” )]) + eU(xi)

: (99)

i
depending on the metric elements Ewand &€, as functions of the gravitational potential. In the
nonrelativistic case, of a velocity much smaller than the light velocity, as the fundamental
relation (29) is

\/gm-*gwfx’==1' (100)

the momentum (96) takes the simpler form

J o~ X J ¥
P =—-Mcg,x +eA (x ) (101)

With this expression, we obtain the Lagrangian (95) as a function of the coordinates and
momentum,

L=-Mc’ \ & t+ g, x'x’ —eU(xi)+ ecA’ (x" )é'kjjck
ko gk (o
=M [g,, + g, 5% ‘{U ()" () — e]\j - )},

(102)
as the wave functions (56) are of the explicit form
i|ijj +e]:U(x’ )+g/kAk (x")Pj eA»"(x#)}] .
, , h VN E
W(xtt)=“—l—izf¢(P’J)e "N i p
(272'h)
—i{P/xf+{U(x")+g/kA"(xﬂ)Pj_eAj(xﬂ)}} .
. . h M LM g+ K
¢(P’J)=“—l—§EIW(xtt)e g IR g
(271h)
(103)

of rapidly oscillating waves with a very large frequency corresponding to the rest mass, slightly
modulated by the electromagnetic field with the modulation frequency

‘ ‘ P/ —ed’ ( x* ‘
®, = %{eU(x’)+eg’kAk (x”)eT()] = %eU(x’)
(104)

With the group velocity for a particle much smaller than the dimensions of the significant field
variations,

90 e = n D2 € i ()
dt oP' M )
(105)
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from (101) we obtain the wave vector of a particle in electromagnetic field,

HE=1Pj=%E%kg@ﬂwﬂ%xﬂ]:2%A%xﬂ

h (106)

In (103), the interaction of the quantum particle with the gravitational wave is described by the
gravitational potential 8w, as a solution of the gravitational wave equation

uv _
g gpo‘,,uv _0' (107)

where the electromagnetic momentum compared to the rest momentum is neglected,
k
ed” << Mc

Mc* /gy, +gijfci)'cj =Mcz\/g00 +Me—;2Ak (x”)Al (x”) :Mcz\/a

We notice that the wave functions (103) describe the wave functions of a quantum particle as

1 Mc? ‘U (x
a rapidly varying wave, with a frequency 7 , modulated with a frequency 7 of the

(108)

. . : —_ . A" (x* :
electric potential, where this particle is confined, a momentum © (x ) of the electromagnetic
field acting of the particle, and a frequency of the gravitational wave described by the metric

tensor €™ as a gravitational potential.

DYNAMICS OF A QUANTUM PARTICLE IN A GRAVITATIONAL FIELD AND BLACK HOLES
We consider a quantum particle in a referential with a time-space diagonalization, as the
Lagrangian (23) is of the form

N —
L(x’,v’)— Mc«/g00+gl.jvvj' (109)

with the momentum (30),

Jj i
Pr==Meg,v. (110)
We obtain a Lagrangian
o — P./'V./
2 i 2
L(x’,v’):—Mc 8ot g;V'v =—Mc” gy e
5/ P 2,8" PV
=-Mc",\|8y — e =-Mc* \/goo - e
ijij
= _Mcz goo + £ 2 2
M-c (111)

for an explicit form of propagation wave functions (26), as wave packets of the momentum
eigenstates,
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y/(xi,r) - (2 ;)3/2 J.(”(Pj,f)e;[ljjxjﬂmr}d3p
T
, 1 . —i[PijJrc\/mr} ;
(P ,1)=——|y(x',T)e " d’x.
(P0)= G I (7) 1)

In these expressions of the dynamics of the matter of a quantum particle the proper time 7 is
a parameter, as a good approximation of the local referential time? ® 7 only for a velocity much
smaller than the light velocity,

y dxj dxj ]

W= = <<x" =1

S A edr _ (113)

For an arbitrary velocity, we consider the dynamics of the whole particle, according to the
geodesic equation

d2 i ) )
)z =—02F’aﬁx0’xﬂ
dt ) (114)
which, with the Christoffel symbols as functions of the elements of the metric tensor, is
dzxi 1 2 il c o ﬂ
=——c + - x“x
ar ) 8 (gla,,b’ 8ip.a ga/u) . (115)

In approximation (113) of a velocity much smaller than the light velocity with a time-space

diagonalization, this equation takes the form of the gradient of the metric tensor element Eoo,

d’x’ _lcz ii
a7 2" 8 8mi (116)
In a central field, described by the Schwarzschild metric elements,
2m 2m\ " )
8o =1——, gllz_(l__] 5 gzz:_”za g33=—rzsln219
r r
-1
g” :[1_2_’”) , &' :_(1_2_"’1], gr=-r?, g’=-r’sin”0,
r r (117)

equation (116) takes the simpler form
d*x’ , [ m
a8
ey (118)

For a central gravitational field of a mass MG, we obtain the dynamic equation

2 2
d_z :_(1_2_’"] mi :_(1_ 2GMG)g%
ds r r (119)

r
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G=6.67259x10" m’Kg's™

depending on the gravitational constant . From this expression, we

obtain the Schwarzschild radius

Ty =2m =2Q2MG
c ' (120)

where the gravitational acceleration falls to null, as a singularity of the Schwarzschild time-
space interval,

-1
<h2=(1—5Jc%n2—(L—ﬁ] dr? —r2d@® - sin’ 0d
r r

(121)

This singularity of a central gravitational field arises for a sufficiently large massMG, tending
to confine this mass inside a sphere with a radius ’¢ smaller than the Schwarzschild radius

(120), o < "o where the frequency of any emitted light

l_[[_hc

At r As (122)
is null. The spherical body with coordinates rn is a black hole, with a distribution of matter

that will be found in the next section.

We consider a quantum particle in a radial motion in the gravitational field of a black hole,
v’ d’

—=—=0
ds ds | (123)
as the time coordinate satisfies the geodesic equation
I podldd o dd ) A dY
s Yds ds Vds ds “lds ds
dx’ dv' dx’ dx'
—_ o0 n _ o 00 o&x ax
g (gOO,l &o10 gm,o) a5 ds &oo.1 a5 ds
_ _goo dgy, ﬂo
ds ds (124)
With the contravariant metric elements (117),
goo _ L
8o | (125)
this equation takes the form
d’x’ dg,, dx’
8wz Tt —=0
ds*>  ds ds (126)
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which, by integration with a constant ko is

ZoV' = ko_ (127)
From the fundamental equation (29) for this case,
gV +&v =1 (128)
with equation (127) we obtain
1/2

vl — (1 - kOVO j

8 _ (129)
For a particle approaching a black hole, with the relation

1

— =8
&n (130)

between the Schwarzschild metric elements (117), and (127), from (129) we obtain the radial
velocity

1 P 1/2
v __(k() _gOO) ) (131)
as the velocity of the time coordinate is
V= ky
1 2m
ro. (132)

With these expressions, we obtain the radial velocity of a quantum particle in the gravitational
field of a black hole,

1 1 1/2
v 0 r r) (133)

By this exact integration of the geodesic equation (126) for a relativistic velocity, with the

integration constant ky = 1, we obtain a new correction factor for the approximate acceleration
(119), asymptotically tending to this expression for?” — ©

2 2 2
d_jz{g(l_z_mj_z}(l_%jmg o >_(l_2_mjm§
ds r r)r rjor (134)

as the velocity (133) is

dr [ 2m] 2m
—=—c|l-— ’—
dr r ro (135)
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We notice that in the gravitational field of a black hole, an outer quantum particle, 2m<r<om

approaches its Schwarzschild boundary, fy =2m , but without passing this boundary,
dr =1

_ 0 )O

dr . From (134), we notice that for 7 >6m the quantum particle is accelerated

towards the black hole, as at this point” = 6m the particle is decelerated, and the velocity tends

to null for 7 =2M _ At the same time, we notice that a particle inside a black hole,” < 2m , always
has a positive velocity, but without passing the Schwarzschild boundary, when this velocity
tends to null. This is because at the formation of the black hole, the matter in the centre of this

— 22 50(>>0)
black hole is thrown with a huge velocity, much larger than the light velocity df

Quantum particle in Universe: what is the Big Bang, what was before and after.

In the previous section we showed that, at the formation of a black hole, a particle in the central

region, 7" << 2m | obtains a velocity (135) much larger than the light velocity, but with a
deceleration (134), which leads to a null velocity - null acceleration at the Schwarzschild

boundary’” = 2m s interesting that, in a black hole, a quantum particle in an electromagnetic
field with wave functions (103) and momentum (96),

* Lg,jx’ i(x#) ¥/ 4| eU ii,Aj( /:)XJ+MC2 N )'c")'cf}t
i 1 . h{ [ ] == +ed (x )x J{e (x) e\ ¥ 800 +E;
l//(xl,t)z—mj.(D(PJ’t)e 8oo+&ikX' X

d’p
(27rh)

i) Megyit ] Need! (x)i/ +Me? [omrg it il |
. 1 ’. {(MJreA (x )]x +[€U(}C )—eA (A )x +Mc 8oo+&;X X }t
o(P0)= v lv)e N o,

(136)

by a quantum decay eAU <0 ip the electric potential U(x ), with the total energy and

e
w=—-—AU
momentum conservation generates a photon with a frequency h and a momentum

ed' (x* : . .
( )propagatlng towards the inner part of the black hole, in the total momentum
‘ —~Mcg ' ‘
pl= i — +eA./(xﬂ)
.
oot XX . By the conservation of this total momentum in this process, the

. ed' (x” ) . . : . : L
electromagnetic momentum determines a particle velocity leading to an increase in its

-2
r

g =g’ =
v 2m 1
kinetic term r which, by increasing with the radius 7, matters as a

decrease in the transition and photon energies, —eAU =ho _ we obtain a redshift of the light
emitted by a system approaching the Schwarzschild boundary, as a gravitational effect in the
total gravitational field of the black hole.
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We consider a quantum particle with a mass M as a distribution of matter described by an

amplitude function/wave function of the form of a wave packet of the momentum eigenstates
(26),

v(x7)= — ¢’<Pf,T)e;[ijj_L(xa”u)T]&P

g

o(P',7)= 1 I '//(xi,T)e_;[w_w’vaHd3x

(271)" (137)
represented in the two conjugate spaces, of the coordinates (27),
(x“)z(xo=ct,x1,x2,x3)=(x°zct,xi) (138)
with a time-space interval (25),
ds=cdr = \/gaﬂdx“dxﬁ = \/gaﬁv“vﬂds (139)
and momentum (30)

. oL
P = -=-Mcg . V"
cov’ S (140)

This momentum is a function of the relativistic Lagrangian (28),

L(x“,v") ==Mc*\[g,v V" ' (141)

which depends on the velocities (24) in the proper time 7,
‘ dxa 3 dxa
ds cdr, (142)

1%

and the metric tensor £¢. The quantum dynamics of such a particle are described by the group
velocities in the two spaces, (31) and (32)-(33), which are of the form of the Hamilton

equations,

d oL _ .

dr oP,

iPJ = ijL(xa,v“) = —lMczvavﬂgaﬂJ .

dr ox: 2 (143)

We consider a central gravitational field of a matter system with spherical symmetry, described
by the Schwarzschild metric elements (117),

2m om\"
8o =1——, gn=—|1-—
r r

(144)
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These metric elements have two singularities,” = 0 and 7 =2m, proportional to the total mass

Mg of this system with the Schwarzschild radius (120),
m= gzM G
C .

(145)

With the condition ky =1 for the asymptotic condition (134), the time velocity (132) takes the
explicit form
oot

B . 2m 2m

ds y_=m  =m_y
r roo (146)

as the radial velocity (131) with (144) is
L dr (2m J”z
VvV =—=— —
ds r). (147)

Inside a black hole, with these expressions, in the time ! of the reference system (138)
considered for the whole matter system, we obtain a positive velocity of a particle,

] 12
t v r r

(148)

with a negative acceleration
2 2
d—f:{3(2—m—1j+2}(2—m—1j <0, r<2m
dt r r r _ (149)

From velocities (146)-{148) we notice that inside a black hole the interval ds i negative. For

¥ >6m 4 particle is attracted towards the black hole, as for 27 <7 <6 thjs particle is repelled,
its velocity (148) and acceleration (149) takes null values at the Schwarzschild boundary

r=2m TInside ablack hole,” < 2™  aparticle has a positive velocity, for ¥ <7 much larger than

the light velocity, being decelerated while it is approaching the Schwarzschild boundary” = 2m
- a matter distribution with a spherical symmetry tends to concentrate near the Schwarzschild

boundary. Evidently, the matter of mass MG, continuously accumulating around the
Schwarzschild boundary from outside the black hole, leads to an increase in its radius (120).
We notice that the Lagrangian (141) which, for radial motion in a system with spherical
symmetry, is

g2 0’ 12
L=-Mc \/goov +g,v (150)

with metric elements (144) and velocities (146) and (147) is
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-1
L =—-Mc? (1_2_’");2_(1_2_'”) 2—m=—Mc2
r ( 2m) r r

1=
r . (151)
With the radial momentum (140) with (144) and (147),
-1 1/2 1/2
P= })1 = aLl = —Mcg“vl = _Mc(l_z_m] (2_]’”} = Mc (2_mj
cov r r 2Zm i\
r (152)

the Lagrangian (150) with the second term as a function of this momentum, takes an explicit
form for the wave functions (137) as functions of coordinates and momentum,

2
L=me 2 2 b e
r M3c? 2ﬂ_1
r . (153)

From the group velocity of the wave function (137) with momentum (152) and Lagrangian
(153), we obtain the radial velocity of a quantum particle in a black hole, in agreement with
(148),

dr v 1dr 1oL (2m \(2m)”
E:c—():——:——:c — 1| —

v Wdr V' oP r r (154)

This means that a quantum particle in a black hole that travels from the centre towards the
Schwarzschild boundary, in the approximation of a time constant gravitational field, cannot
pass this boundary. We notice that the momentum (152) of a quantum particle, which is

Mc

(zmjl/z _(7’)1/2
r 2m) (155)

takes the null value in the centre 7 =0, which means that in this region a particle with wave
functions of the form (137) is crushed up to a large spreading by the gravitational field. At the

Schwarzschild boundary” = 2m  the particle obtains momentum tending to infinity. When the
particle approaches this boundary from the inside or the outside of the black hole, although its
velocity (147) tends to zero, the momentum tends to infinity as the mass increases to infinity,
which dominates the velocity decrease to null.

Obviously, these singularity regions arise only in a matter system with a spherical symmetry,
which is not conceivable in a cosmic system of bodies of different dimensions and velocities.
However in a sufficiently large agglomeration of matter, the quantum particles are crushed up
to a homogeneous distribution of matter, and the gravitational field takes a form with spherical

symmetry. The density P (r) of this matter is described by Einstein’s gravitation law?,

R=8mp= 87:%,06
¢ ' (156)
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for the scalar curvature
R=g"R,, =g"Ry+g"R; (157)

as a function of the contravariant metric elements (117),

4
gOOZ(l—z—mj ’ gllz_(l_z_mj
r rJ, (158)

With the Ricci tensor elements as functions of the metric elements?, the two terms of the scalar
curvature (157) are

lgll(gu,oo"'goo,ll)

I .,
Ry==g g (gﬁa,oo ~ 85000 T 800,pa _goa’ﬂo) B 2

2
1 1
5 5800 (goo,n +g11,00)- (159)

R =

11

aff —
g (gﬁa,ll ~&pi1a T 811 pa _gla,ﬂl)_

With the metric elements (158), we obtain

1 1
R=g"-g" (gll,OO +goo,11)+g“ —g" (goo,n +g11,00) = 800,11 ~ 811,00

2 2 (160)
From the metric elements (144),
2m
o011 = _2_3
P (161)
as
3 2 -2 2
2m)\ 2m( dr 2m 2m\ d°r
S =2 1-—| — o Hl-—1 | = |77
rJor rJoNr e (162)
With the two time derivatives (148) and (149), which are
dr __[I_Z_MJ(Z_"?)”
dx’ r r
2 1/2
o2 e b))
dx r r r r r)r (163)
we obtain
2 mY
00 =2 3+1_2m (r_zj
r . (164)

With (161) and (164), the scalar curvature (160) is
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2|2

3

R=[2+2|3+
r 1_2ﬂ r

r : (165)
From (145) with Einstein’s gravitation law (156), we obtain an integral equation for the scalar

curvature, as a function of the gravitational field of total matter with massMG with a spherical

symmetry, occupying a spherical domain (rl 12 )

m= EzMG = 2247[[ peridr = 47Z'I pridr
¢ ¢ i i
= %J.erdr
7 (166)
With (165), this equation is
fl1+2 CAE T |
7 r|2 1_2777’1 r
r : (167)
By the integration of this function,
m| 3 1 2 2r-2m 3m
I+—| =+ I e
r| 2 1_27771 ror°=2mr r
r , (168)
we obtain the equation
ln‘r(r—2m) 2 _3m 2 =1
1 L, (169)
Y
which, with the notation > 2m for the normalized higher matter bound as a function of the
N
normalized lower bound = 2m , and the parameter
n= X, (x2 - 1)
X (l—x )
(1-x) (170)

takes the form
1n,7+§(i_ij:1
2\x %) (171)
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From (170) and (171), we obtain

X, 1, %+77(x1—x12)

2
with the particular values for the entire time evolution of the matter distribution frorEq1 Z}Q
formation of its spherical symmetry, K :0, up to the total matter concentration at the
Schwarzschild boundary x =1,
x=0 —> x,=1
X, =% alnn:—%, =052, x, :%(H 1+77):1.116
x=1 — x,=L (173)

This time evolution, in the gravitational field of the black hole total matter, we call total field, is
described by equation (148), which is

-1 -1/2
DESIGR
r r ) (174)
With the notations
x=i, dr=2mdx, x=y°, dx=2ydy
2m , (175)

this equation takes the form
3/2

dx’ =2m x_ dx=4m(1_1 z—l—yzjdy
* Y : (176)
We obtain the time evolution
1 1
(r)=d4m{=|In(1+y)-In(1-y) |-y—=y°
() =am {3 n(1+5)=in(1-)] 33"
3/2
4m{l{m[l+ /L]—ln(l— _J] (o1 }
2 2m 2m 2m 3\ 2m
(177)

From the second term, we notice that a quantum particle reaches the Schwarzschild boundary
only in an infinite time, of course, in the approximation of a time constant gravitational field,
when this boundary cannot be passed. Otherwise, by gravitational fluctuations, evaporation
and absorption processes arise through the boundary of the black hole. For a very short time
from the formation of the matter distribution with spherical symmetry, leading to this time
evolution, nonzero terms are obtained only in the fifth-order approximation of a Taylor series
expansion.
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xo(r)zct(r):4m 1 - = —X—

W | —
[

4m . 4m(r72 2(rf”
:—y + = — +... =\ — r+-"
5 5 \(2m 5\2m (178)

This means an initial velocity

Lwéﬁﬁfzrw,w
t 2 r (179)

much larger than the light velocity, i.e. an explosion of the matter at the symmetry centre, and
a rapid inflation of this matter and of the matter around. This suggests that our Universe is a

huge black hole, with this explosion as the Big Bang-inflation process. For our universe!8, with

2
C

26 M :—m=2.9628><1053 Kg
a supposed radius of 2m=4.3993x10"m 514 the mass (145), ¢ G

11 .3 =2 -1
G=6.67259x10" m’ s” Kg~ _ 4 the

with the gravitational constant light velocity

¢=299792458 ms l, this process consists of the matter travelling with the velocities (148)
towards the Schwarzschild boundary. Obviously, most of this large mass is situated around the
Schwarzschild boundary of our universe, as the mass of the black and visible matter we observe
in the Universe from our planet is significantly smaller. Compared to the standard Big Bang-
inflation concept of the standard theory, of an explosion of the matter of the Universe initially
concentrated in a single point, and continuously expanding to infinity, in the framework of the
general theory of relativity we found an explosion only of the matter at the centre and around
this centre, of a sufficiently large matter concentration with spherical symmetry, and an
expansion of this matter with a velocity much larger than the light velocity, a dynamic we also
call big bang-inflation. This process has the tendency to empty the Universe, sending its inner
matter towards its Schwarzschild boundary, but by the violent collisions of bodies with the very
different velocities (148), the remaining inner cosmic bodies have been scattered throughout
the whole Universe. In the black hole of our wuniverse with a radius

— 9 _ 26
2m=4.65x10"1y =4.4x10 M, Jocal reference system situated at half of this radius, 7, has an

d’r ¢’ 9
—=-5—~-10"ms”
acceleration (149) d¢ r ,Le. it is a quasi-inertial system. An expansion of our
G
rh=2m=2—M,
universe could be understood as an increase of its radius ¢ by the increase of

its mass Mg on the account of the matter attracted from the Total Universe, where this huge
black hole, which is our Universe, has been formed.
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QUANTUM PARTICLE IN A GRAVITATIONAL WAVE AND THE GRAVITON SPIN
We consider a gravitational wave described by the D’Alembert equation (107), usually
sufficiently weak for inducing only a small velocity to a quantum particle,

X <<x’=1 (180)

0 ~
which means a time-space interval approximately equal to the time interval, ds =dx", dz=dr
In this case, the quantum dynamics of a particle with wave functions (56),

(27;’1)3/2 J.CD(Pj,t)e;[P/X/L(xa’va)t]d?

o(P'1)= 2 ;)—3/2 Jur (oo " M,
T

()=

(181)

is described by the Lagrangian (28)

L(x*,%) ==Mc’ g, %" %" ' (182)

and the momentum

P = aL_A =—-Mcg, X'
cox’ T (183)
as the fundamental equation (29) is
- a .ﬂ _
8op* X7 =1 (184)

With this equation, from the group velocity in the momentum space of the wave packet (181)
with the Lagrangian (182),

A pi—epl = Mg, &% — Mg 5 =L
w. T EiuX X —HMCEX =07

o f
XX 8op.) 1 o
L ———Mczgaﬁ’ixaxﬁ,

ca - - 2
24/gaﬂx X (185)

in the realistic case (180) of a slow velocity, we obtain the simpler expression of the particle
acceleration, proportional to the gradient of this potential,
1
k

ko ki
X _Eg]gOO,j.

=-Mc

(186)

At the same time, for the gravitational wave equation (107) we consider a first-order solution?,

_ u
8po = Upol X" (187)

with the amplitude tensor

_ po _ . po
upo‘ _ugpa , U =ug (188)
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proportional to the scalar amplitude#, and the polarization tensor # with the normalization
condition

Il =g"1] =0

: (189)
By multiplying the second equation (188) with the covariant metric tensor
g " =ug,,8" (190)
we obtain the elements of the amplitude tensor as functions of the scalar amplitude,
w, =ud, (191)

By multiplying this expression with the polarization vector, for these elements we obtain a
system of equations,

Loty =l (192)
as by the contraction of the two indexes we obtain the trace of the amplitude matrix,

uo_
u, =4, (193)

With the expression (187) of the metric tensor, the dynamic equation (186) takes the form of a

k
constant acceleration in the propagation direction I" of the gravitational wave,

1 4 1
i = —g"]uoolj = E”oolk

2 | : (194)

For the realistic case of a weak gravitational wave,
go=1, g,=-1, gyp=-1, gyz=-1

22 33

00 11
g =1, g =-1, g@7=-1, g°=-1, (195)

with the amplitude element (188)
Uy =Ugoo =U (196)

the dynamic equation (194) takes the form of a constant acceleration proportional to the scalar
amplitude of the gravitational wave,
1

¥ =—ul*

2 (197)

3
For a gravitational wave with the metric tensor (195), propagating in the direction¥ of the
polarization vector
I,=1, [ =1,=0, [,=-1

I'=1, I'=I=0, =1, (198)

which satisfies the normalization condition (189), the amplitude equations (192) take the form
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0 3 _ 00 3 _
Uy —Uy =8 Uy — & Uy =Uyy +U;, =U
0 3 00 3 _
U —u; =g Uy — g Uy =uy +uy =0
0 3 00 3 _
Uy —Uy =& Ugy — & Uy, = Uy, Uy =0

0 3 00 3 _
Uy —Uy; = G Uy — 8 Uy =Ugy T Uz = UL

(199)

With the symmetry property of the amplitude tensor according to (187), and the metric tensor
(195), from these equations and the first expression (188), we obtain
U +Uyy = =2y,

Ugg — Uy =2U = _(”11 +uzz)

22
Uy =Up
2 2
Uy =Uy - (200)
With these equations and the contravariant amplitude tensor
B _ B — BB
u® _ga,ug vu/lv _gaag uaﬂ (201)
we obtain the scalar
_ 72 2 _ B 2 2
Iy =u,u™ —4u” =u,u” —2u”—2u
2 2 2 2 2 2
=Uyy FUy t Uy TUy _%_%_2%3 +2u, +%+%
1 2 2
—E(uoo—un) —2u
2 249y 2 2 2 1 2 1 2 212
SU T Uy 2, T Uy U _E(”oo+u33) _5(”00_”33) U
2 249y 2 1 2
=Uy Uy oy, _5(”11"'”22)
. 1 2 2
__(”11_”22) +2uy,
2 (202)

1 2
: . : . : X,Xx :
as an invariant of a rotation of the amplitude tensor in the plane( ’ ), perpendicular to the

3
direction X" of propagation of the gravitational wave. For the rotation operator R with an angle
/s

2 A=(44) 3 o

of a vector in this plane,
RA=(RA',RA*)=(4’,-4')

(203)

we obtain the equation
RA' =-4, (204)
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T

with the eigenvalue R = £i, With these expressions, the rotation with an angle 2 of a second-
order symmetric tensor is

1
Ruy, =uy, =uy, :5(”12 +”21)

1
Ru,, =—uy =—u,, = _5(“12 +”21)

1
Ru21 :Ru12 =Uy =—Uy, :E(uzz _”11)'

(205)
From the first two equations we obtain
R(uy, +uy)=0
R(ull _”22):27/‘12- (206)
At the same time, from equation (205) we obtain the equation
Rz(”n_”zz):R(uu+”21):”22_”11' (207)

with the eigenvalue R =i of a vector rotation. With the second equation (206), we find that

with a rotation R, the first term of the invariant (202) takes the form of the second term, and
conversely, the second term takes the form of the first term,

1 1
E[R(ull Uy )T = 5(21/‘12)2 = 2”122

1 '
2(Ru12)2 :2[5(%2 _ull):| :5(”11 _uzz)z-

(208)

From these expressions, we notice that the two terms of the invariant (202) change one another
V4

by a rotation with an angle 2, i.e. every term retakes its value by a rotation with an angle —7#

, which means that by a complete rotation with —27  the terms of the invariant (202) retake
their values two times - in the following we shall see that this variation corresponds to a spin
2.

. . . . ~ RS iSoa .
We consider the rotation operator with an arbitrary angle oa ,R™ =€ as a function of the

angular momentum

§=—i7xi

or , (209)

For a rotation with an angle =7 of a vector A (r),

R—ﬁAi(’—;):e—iSﬂAi(l—;):_Ai(l—;)' (210)
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we obtain the angular momentum of a vector §=1 which we call spin. From the rotation with

an arbitrary angle 8a of the product of the amplitude tensor with two vectors, as a scalar, is
invariant for any rotation,

Scalar =u, (x,y) A" (x,y) B’ (x,y)= [Rdduy. (x,y)} [R§5’Ai (x,y)] [Rd’;Bj (x,y)]
_ [eii,aozuij (x,y)J [61555145 (x,y)J |:ei§5&Bj (x,y)J
_ [eii,(sazuij (x,y)J [eiaaAi (x,y)] [ei&xB_j (x,y)]’ 21

for this tensor we obtain the spin 5 , we call the graviton spin. This spin describes a rotation

1 .2
: X,Xx . . N o L3
in the plane ( ’ ) of the metric tensor in a gravitational wave propagating in the direction X
. From the fundamental equation (184), we notice that this rotation is correlated with a rotation

. vo s po,
of the velocity tensor x“X”in the momentum space.

We notice that fundamental invariant (184) of a quantum particle under the action of a
gravitational wave with the metric tensor (187), is composed of two invariant factors

-a-ﬂ_ .a.ﬁ_ _
ZopX X =yl XXX —]GIC—I' (212)

the gravitational invariant, depending on the amplitude of the metric tensor and the matter
velocity field,

— v f_
I; =u,,x"x =u (213)

and the coordinate invariant, depending on the polarization of the gravitational wave and the
coordinates,
1

I.=1x"=—

u. (214)

The gravitational invariant (213) describes a rotation with the invariant (202) correlated to the

S =2

matter velocity, with the spin™* =, called the graviton spin. The coordinate invariant (214)
describes a matter rotation, correlated with the coordinate field, with the invariant (189),
which with (195) takes the form

2 2
17 +1,> =(—RL,) +(Rl)* =(RL,) +(Rll)2:lol°+l3l3' (215)

1 2
o . N . x,x .
describing a rotation of the polarization vector in the plane ( ’ ) perpendicular to the

3 i2zS
direction of the axis X of the particle motion. From a rotation with 27 JR= e , we notice that
this relation is valid for R=-1, describing Fermions, with a half-integer spin, and R=1
describing Bosons, with an integer spin.

For the gravitational wave equation (107), we can consider a second-order solution
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_ “ov
gpg—upalwx X (216)

)

with an amplitude tensor "#° and a polarization tensor #* which, according to this equation,
satisfies the normalization equation

L=0 (217)
From (186), we obtain the dynamic equation
1 . 1 . 1
ko k _ k _ k
X = Egjgoo,j = Egj“oolij# = E”oolyx#. 218)

1
For a gravitational field oscillating in the direction* ,

Lo=1, Il =-1, 122=l33=0' (219)

which satisfies the normalization condition (217), with (196) the dynamic equation (218) takes
the form of a harmonic oscillator of a quantum particle in a gravitational wave with a scalar
amplitude ¥,
1
1

: 1
X =——ux

(220)

In this way, we found that a quantum particle is a complex entity, as an element of the 4-
dimensional curved space in a gravitational wave, with a spin of 2 and an element of a
distribution of mater in this space, with a half integer spin for Fermions, and an integer spin for
Bosons.

RELATIVISTIC PROPAGATION WAVE FUNCTIONS
A relativistic quantum particle is usually described by a Schrodinger equation with the
relativistic Dirac’s Hamiltonian>6151617  ysually called the Schrodinger-Dirac equation.
However, we consider propagation states of the form (56), as wave packets in the two conjugate
spaces of the coordinates and momentum,
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7 1 - 2 pr-L(7.F)e R
'/’(V’t)=<rafW>:Wf¢(p,t)eh[p A )]d3p
1 — 1 pr—| pr— ( r)t R
_(Zﬂh)3/2 I@(P,t)eh{P [p-H(p ]}d3p= <r,t p,t)(p,t l//>d3p
_ﬂﬁ(z;fnﬁdﬁJﬁﬁﬁFMﬁwfﬁ=wﬁwin0
T
D 3 1 —| PF=L(FF)t| 5_
@(p,l)=<p,t ¢>_ (2 h)s/z IW(’”at)e i )]d3
T
1 - - (2311 o .
:—(27;75)3/2 J.l//(r,t)e h{l’ [P H(p }}d3r Z.Rp,t l”,t)(r,t l//>d3r
=ei£ﬁ; 1 3/2 J.l//(r,t)eg[WLiH(ﬁ F)}tdSF =eigﬁi¢t (Z_jat)a
(27h) o1

as solutions of the relativistic quantum dynamic equations

ih%t//t(F,t)z[ﬁ?—H(ﬁ,F)Jwt(F,t)

ot ' (222)

The wave functions (221) satisfy the relativistic quantum principle of the invariance of the time
" L(7.F)dt=—Mcds .
dependent phase variation (28), , which is equivalent to the relativistic
principle of the invariance of the time-space interval. In these wave functions we distinguish
the momentum and coordinate eigenfunctions,

1 He-npn))

Flp)=
.
T

(223)
For a free quantum particle with the Hamiltonian®

2.2 =2
H=c\Mc +p :cE' (224)

we consider the scalar M¢ as an invariant of a generalized momentum p H

. H 2 2 A - A
Mcl = (_j _p21=\/pup/41=\/gu pup\/l:]/ﬂpﬂ

¢ (225)
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A u
where 1 is the four-dimensional unity matrix, and 7 are matrices that satisfy the Clifford

algebra. With the Pauli spin matrices @ i , these matrices are
C(1d (0 o
7/ = ~ ~ |2 7/ = 6

where 1 is the two-dimensional unity matrix, and 0 is the two-dimensional null matrix. In a

0 _ , _ 1 _ — 2 _5 = B_og =— .
flat space, g =8w=l g =gi=-1 g"=g,=-1, g" =gy =1, we consider the wave
equations (221) as functions of Dirac’s Hamiltonian?, for the covariant and contravariant
momentum four-vectors

Hl=cyM’¢ + p*1=c(a,Mc+a,p, +a,p, +a,p,)
:c(aOMc+a1pl+a2p2+a3p3), (227)

as operators in the two dynamic equations (222), of the coordinate wave function and,
respectively, of the momentum wave function, which depend on Dirac’s matrices

a(): A ~ | a,‘ = A
0 -1 o 0 (228)

With these expressions, from (222) we obtain the dynamic equations

N ey .
1?’151/4(r,t)l:[p;fl—(:(oe()Mc+051p1 +a,p, +a3p3)}//,(r,t)

ihg(pt(ﬁ,t)i=—|:ﬁl_;i—c(aoMc+alp1 +a2p2 +a3p3)i|¢t (l_j,t),

ot (229)
which, with the momentum elements
p0=p°=ih%=ih%, pi=—pi=ih%'

(230)
are
{17’1[% (;CO +a, %+0¢2 822 +a, 823)+a0Mc—ﬁ§i}//t(r,t): 0
(po -a,p' —a,p’ —a,p’ —aOMc+ﬁzij(pt(p,t)=0
¢ (231)

.0
By multiplication with % =7 the coefficients of these equations take the form of the Clifford
algebra elements,
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[i (A)]((A) 6,} ( 0 o;] ;
aoai =1 . n n = B 0 :7/

With (230) and (232), the dynamic equations (231) become

) 0 0 0 0 -
{m(y = 0+7/ o 1+;/ P —+t7 a—j+1Mc ;/p }//t(r,z)=0

A ¥ -
(;/Opoﬂflpl +7°p, +7'ps —1Mc+y°pzjg0t(p,t)20.

(233)
With th‘e Veloc.ity as a function of the momentum
oM r_ P
o ey (234)
for the last terms of these equations we obtain an expression depending only on momentum,
7 P’ _ ]3_2

2 2 -2 - E
¢ NMc+p . (235)
With the standard notations

0 0 0 0
A=r a1 Gt e g

L= +r' P+ D+ P =1 D, (236)

and " = Mc  the dynamic equations (233) take the form

O e

oalinotne

(237)

which, compared to the similar equations obtained from the Schrodinger-Dirac equation®,

include an additional term depending on momentum,
S
.7
n=p—= £
mc mkE (238)

For a four-dimensional wave function with the two-dimensional components U (p) and v(p)'
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U, (p)
i (p)J u,(p)
v u, (p)
()

UalP (239)
the second dynamic equation (233) in the momentum space is
u,(p)
2 u,(p
{7%%+7?a+7%5+fpyﬂn@—7%ﬂ} () =0
”3(17)
uy(p) (240)
With the Clifford algebra elements (226),
1 0 0 O 0 0 01 0 0 0 — 0 01 O
o |01 0 0] |0 0 1 0 , 0 0| ; [0 0 0 -1
"Zloo -1 oo s1oo” T[oio o |-100 0
0 0 0 -1 -1 0 0 0 -1 0 0 O 0100'(241)

for a reference system with the Z -axis in the direction of momentum Ps of the particle®, we
obtain the dynamic matrix equation

py+tmn—m 0 D3 0 ”1(p)
0 Py tmip—m 0 —D; uz(p) ~0
—Ps 0 _(po +n/”7+m) 0 Us (p) B
0 P 0 —(py+mn+m) |\ u,(p)

(242)

From the condition of a null determinant of this system of equations for a nontrivial solution,

po—m(1-1) 0 P 0
0 po_m(l_ﬂ) 0 —Ps
-p; 0 —[p0+m(1+77)] 0
0 D 0 _[po +m(l+77)]

:[po—m(l—n)]{[po—m(l—n)][po+m(1+77)]2—p32[p0+m(1+77)]}
+p5| Py’ =[Py +m(1+n) ][ po=m(1-1)] p; |

~[(py+mn) - p7 -m*] =o0. (243)

we obtain the relation

p0+m7]=iE' (244)
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where

_ 2 2
E=yp,+m (245)

)

for a particle with the energy cE Witha positive energy (244), E = E, for the two-dimensional
components of the wave function (239), from (242) with the expressions of the Pauli spin
matrices we obtain the dynamic equations

(E+ —m)ft+ (p)+63p3\7+ (p) =0
ospii, (p)+(E, +m)v, (p)=0. (246)

We consider a normalized spin wave function i, (p)’
i (p)i.(p)=1 (247)

as from the second equation (246) we obtain the spin-momentum wave function

5.(p)=—2P i (p)=2P g (p)

E +m E+m _ (248)
. . . E =-E . .
or a negative energy (244) of an antiparticle, , from (242) we obtain the dynamic
equations
(Ef —m)ﬁf (p)+0'3p3\77 (p) =0
o;psii_(p)+(E_+m)v_(p)=0, (249)

where we consider a normalized spin wave function V- (p)'
~ f ~ _
7 (p)v(p)=1 (250)

as from the first equation (249) we obtain

~ __O3P; :_03173 ~
w(p)==p v (p) E+mv_(P)_ 251

We normalize the wave function (239) with the particle and antiparticle components (248) and

(251) in an arbitrary system of reference, with the coefficients ¢ and B ,

i, (p) ~ 9P 5 (p)
u(p)=au (p)+pu(p). u.(p)=| &p . ()| u(p)=| E+m
E+m = o (p) _ (252)

From the amplitude squares of these wave components with the Hermiticity of the matrix© #
and the null anticommutators of the Pauli spin matrices, we obtain the expression
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ps 6p _ p°  _E-m
E+mE+m_(E+m)2_E+m (253)
which leads to the normalization conditions of the two components,
. @ (p)
; [~ . op L _(4 E-m)_. -
o o)=[a ) 2R ] g (e ()
E+m
_2E
E+m (254)
and
. 5P . )
()= 02 5] TEen ) (s g ()
7 (p)
__2E
E+m (255)
With these conditions, and the condition of a covariant normalization® of the total spinor (252),
; 2t - 2t ~ 2E  E
upup=[au+pu+p+ﬂv,pv,p} =—
(Pe(p)=la @ (r)a (P) 187 ()2 ()| = 256

for an arbitrary momentum # and the normalization conditions (247) and (250) of the particle
and antiparticle spin wave functions, we obtain the normalization condition

|a|2 —|—|ﬂ|2 _ E+m
2m (257)

With relation (239), we obtain the momentum wave function (221) in a momentum one wave
3 -
approximation over the spectral domain® 7 of the momentum space, with a normalization

width 7,

1.
——pr

- 1 - R -
o(p.t)=e’ ¢,(p)=ﬁe” u(p)=¢(p), peA’p
» . (258)

With this wave function, the wave function (221) of the quantum particle in the coordinate
space is

- —[pr-H(pF)]t 5 _.
l//(r,t)= vahl V' _[As " d’p
( 4 p) (259)
For a free particle with coordinates 7 =77, we obtain a coordinate wave function in the

momentum one wave approximation (258), with the particle and antiparticle components
(252),
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i i
—cEt ——cEt

, 1 7 .
) e ()6 s (e
(27nL,) ' (260)
with the normalization condition which, with (254), (255) and (257), is
2E 2 2 2E E+m 1
L’= d’p= d’p=—|, Edp
R E+m(|a| A ) P IA3I7 E+m 2m  F mIA}ﬁ p_ (261)

By an extension of the momentum spectrum for the components U, (p)' U (p) of this wave
function, the plane waves (223) infinitely extended in space, are reduced to wave-functions

concentrated in space, specific to a particle. Since the two momentum eigenfunctions " (p ) and
U (p) do not depend on time, and the width of the momentum spectrum can be considered

much smaller than the momentum value, Ap <<|p|, the wave packet (260) describes an
invariant distribution of matter, with a spatial width A7 , mainly determined by the propagation

—

factor with the phase’ " 7 propagating with the group velocity

—CE——C«,MZCZ-F =7

Mc +p’ (262)

We notice that the amplitude of the momentum component of the state four-vector (252) tends
to 1,

BB GP .
" (p)E+mE+mu+(p) E+ e (p)

()it (p)i, (p)=1

3
<

(263)

~

which means that for a velocity increase from null to the light velocity the momentum function
amplitude increases from null to amplitude 1 of the spin component. Finally, we notice that
with the relation

v, (x) ~ egpxwt (p) L e u (p)

. ' (264)

depending on the momentum-coordinate scalar product
px=pyx’+ pix' + pyx” + pyx (265)

the two equations (237), obtained for the two wave functions (221) in the two conjugated
spaces of the coordinates and momentum, take the same form,

. ilw‘_ 0 1 2 3 o _ %px
g =(7'p+y Pt P ) = gt (266)

CONCLUSIONS
We noticed that the conventional Schrodinger equation describes only a time dependent factor
of the total particle dynamics, in contradiction with the fundamental Hamiltonian dynamics,
and without taking into account the propagation in a free space, which, by a finite momentum
spectrum, gives spatial dimensions to this particle. The solution of the Schrédinger equation of
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a free particle, rapidly spreading to infinite dimensions, leads to the hardly acceptable
interpretation of the matter as a system of punctual particles, mysteriously appearing and
disappearing in space, with this solution as a probability amplitude. When a propagation factor
is considered in the coordinate space for a wave function, as a packet of the momentum
eigenstates, we also have to consider the inverse Fourier transform, as another wave packet, in
the conjugated space of this momentum. The group velocities of these wave packets take the
form of the Hamilton equations only when the Hamiltonian in the time dependent phase,
obtained from the Schrédinger equation, is replaced by the Lagrangian function. It is
remarkable that when the relativistic Lagrangian is considered in the proper time of a free

particle, this Lagrangian is a constant L = —Mc”  This means that the spatial distribution of this
wave function does not depend on time, but only on the product momentum-coordinates in the
coordinate dependent phase. In this way, a free particle appears as an invariant distribution of
matter propagating in space according to the general theory of relativity. Under the action of an
external field, from the Lagrangian we obtain a velocity perpendicular to this field. Considering

the mass M , which describes the dynamics of the matter density, equal to the mass M, as the
integral of this density, we obtained the quantization condition, of a particle with the total mass
given by the dynamics of its density. For the realistic case of a particle much smaller than the
dimensions of any curvature variations of the time-space system, we obtained wave functions
in the time of a local system. Thus, a system of particles is in fact a continuous distribution of
matter, with dynamics described by quanta with the mass given by the dynamic properties of
the matter density, half integer spins for Fermions, and integer spins for Bosons. From the mass
invariance for a coordinate transformation, we obtained an equation of conservation for the
particle matter in an arbitrary system of reference.

We described the interaction of a quantum particle with an electromagnetic field by additional
terms in the relativistic time-dependent phases of its wave functions, with a vector potential
conjugated to coordinates, as for the Aharonov-Bohm effect, and a scalar potential conjugated
to time. We obtained the Lorentz force for the electric and magnetic fields as functions of these
potentials. From these expressions, we obtained three of the four Maxwell equations: the two
Gauss-Maxwell laws for the electric and magnetic fluxes, and the Faraday-Maxwell law of
electromagnetic induction. The fourth Maxwell law, Ampere-Maxwell, is obtained from the
condition of a light velocity equal to the maximum velocity of a relativistic particle. From this
equation as a function of the electric charge density, we obtain the charge conservation.

From our new Schrédinger-type equation in the coordinate space with the relativistic Dirac’s
Hamiltonian, we obtained relativistic equations that, compared to Dirac’s equations, include
explicit terms depending on velocity, as should be in relativistic theory. For a nonrelativistic

L - : L U(X) . . .
quantum particle in an electric field with a scalar potential ( ), interacting with

: . : A (Xt o :
electromagnetic radiation with vector potential ( ’ ), and a gravitational wave with the

gravitational potential of the metric tensor & W, we obtained a wave packet of rapidly varying
waves, with a large frequency determined by the rest energy, modulated by a frequency
depending on these potentials, and a wave vector depending on the vector potential and the
particle velocity. With the group velocity, we found a wave vector proportional to the vector
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potential of the electromagnetic radiation, and a modulation frequency mainly depending on
the electric potential and the potential of the gravitational wave.

We integrated the geodesic equations for a quantum particle in a central gravitational field. For

a particle at a distance 7 larger than the Schwarzschild radius ' we obtained a velocity

directed to the gravitational centre, but decelerated for I <r<3r

r<r,=2m

, without reaching the

Schwarzschild boundary. For a particle in a black hole, > the velocity is directed
towards the Schwarzschild boundary, but reaches this boundary only in a time tending to
infinity. When, by the strong gravitational field of a large agglomeration of matter, this matter

concentrates inside a radius '¢ smaller than the Schwarzschild radius r‘), all the matter
structures, such as macroscopic bodies, atoms, and nuclei, are crushed up in this field, to a
uniform distribution of matter, favouring spherical symmetry. When such a structure arises,
the matter at the centre of this structure explodes with a velocity much larger than the light
velocity, but reaches this velocity somewhere not very far from half of its radius. In this
framework, our Universe seems to be a huge black hole, starting with an explosion process
called Big Bang-inflation. Unlike the standard Big Bang-inflation process, with the whole matter
of the Universe initially concentrated as a single point, our Big Bang-inflation process is an
explosion, with a velocity much larger than the light velocity, of the matter in the central region
of a huge agglomeration of matter, which, by crushing up the objects in its very strong
gravitational field, spontaneously reached spherical symmetry. The velocity field in the
gravitational potential of a black hole, tends to concentrate at the Schwarzschild boundary the
matter from the inside, tending to empty the inner part of this black hole, and from the outside,

continuously enlarging its radius ' However, due to violent collisions of the bodies starting
from the central regions, with velocities much higher than the velocities of the bodies starting
from more distant places, after the Big Bang the cosmic systems were scattered throughout the

whole Universe, as quasi-inertial systems due to their huge radius " The light emitted near the
Schwarzschild boundary is redshifted by the increase in the gravitational field with the distance
from the centre of this black hole.

We considered a quantum particle in a gravitational wave, for the realistic, nonrelativistic, case,
and found that the particle acceleration is proportional to the gradient of the metric tensor

element 80 . In the first-order approximation of the metric tensor as a solution of the
gravitational wave equation, this acceleration is a constant in the direction of propagation of
the gravitational wave. From the normalization condition of the polarization vector, for the

= - = = = = - = = 3
amplitude elements of a metric tensor in a gravitational wave propagating in a direction* , we

1 2
. . . . . X,X :
found a rotation invariant of the amplitude components in the perpendicular plane( ’ ), with

S =2

an angular momentum ~*  ~, which we call the graviton spin. We noticed that the time-space
interval invariant, as the time-dependent phase of the matter density amplitude function we
call the wave function, is the product of two rotation invariants: a gravitational invariant with
an angular momentum called the graviton spin, and a coordinate invariant, with an angular
momentum called the particle spin, with a half-integer value for Fermions and an integer value
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for Bosons - the spin-statistics relation. In the second-order approximation of the metric
tensor, as a solution of the gravitational wave equation, for a quantum particle we found an
oscillation in the oscillation direction of this wave.

From our dynamic equations in the two conjugated spaces of the coordinates and momentum,
we reobtained the two dynamical equations of the quantum field theory for a free particle, but
with a change of sign for the derivatives with the coordinates, and an additional term,
depending on the momentum, for the eigenvalues of these equations. However, when these
eigenvalues are eliminated, we reobtain the spinor expressions of the conventional quantum
field theory. In this framework, we consider finite quantum particles, as a wave packet of the
momentum eigenfunctions for particles and antiparticles, with a normalization coefficient
given by the ratio of the total energy integral to the rest energy, over the domain of the
momentum spectrum, which gives the matter distribution of the particle.

Essentially, in this paper we described a quantum particle by wave packets in the coordinate
and momentum spaces, as amplitudes of the matter density, with group velocities describing
their dynamics, and rotation invariants of the time dependent phases, for the graviton spin and
the particle matter spin. In a local system, the particle time dependent phase is an invariant
with a time dependent term larger than the coordinate dependent term, describing a motion
with a maximum velocity, called light velocity. In the system of a black hole, the radius
dependent term becomes larger than the time dependent term, and the velocity of a quantum
particle inside this black hole takes values much larger than the light velocity. We reobtained
the Big Bang-inflation process, the dark matter of the particles without any visible charge, the
dark energy, as the energy of the matter travelling towards the Schwarzschild boundary in the
inflation process after Big Bang, the universal expansion by the matter accumulation at the
Schwarzschild boundary from the outside, and the light redshift, as a gravitational effect by
motion towards this boundary. We also obtained the free particle states as wave packets of
spinors according to quantum field theory.
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