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ABSTRACT

With the term “Law of Selfvariations” we mean an exactly determined increase of the
rest mass and electric charge of material particle. In this article we present the basic
theoretical investigation of the law of selfvariations. We arrive at the central conclusion that
the interaction of material particles, the corpuscular structure of matter, and the quantum
phenomena can be justified by the law of Selfvariations. We predict a unified interaction
between material particles with a unified mechanism (Unified Selfvariations Interaction,
USVI). Every interaction is the result of three clearly distinct terms with clearly distinct
consequences in the USVI. We predict a wave equation, whose special cases are the Maxwell
equations, the Schrodinger equation, and the related wave equations. We determine a
mathematical expression for the total of the conservable physical quantities, and we calculate
the current density 4-vector. The corpuscular structure and wave behaviour of matter and
their relation emerge clearly, and we give a calculation method for the rest masses of material
particles. We prove the «internal symmetrys» theorem which justifies the cosmological data.
From the study we present, the method for the further investigation of the Selfvariations and

their consequences also emerges.
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1. INTRODUCTION

The present study is founded on three axioms: The principle of the conservation of the
four-vector of momentum, the equation of the Theory of Special Relativity for the rest mass

of the material particles, and the law of Selfvariations.

With the term “Law of Selfvariations” we mean an exactly determined increase of the
rest mass and electric charge of material particle. It is consistent with the principles of
conservation of energy, momentum, angular momentum and electric charge. It is also

invariant under the Lorentz-Einstein transformations.

The most immediate consequence of the law of Selfvariations is that the energy, the
momentum, the angular momentum, and the electric charge of material particles are

distributed in the surrounding spacetime (when the material particle is electrically charged).

In order for the value of the electric charge to increase in absolute value, the electron,
in some way, should ‘emit' a positive electric charge in the space-time environment.
Otherwise, the conservation of the electric charge is violated. Similarly, the increase of the
rest mass of the material particle involves the “emission” of negative energy as well as
momentum in the space-time surrounding the material particle (spacetime energy-
momentum, STEM). The law of Selfvariations describes quantitatively the interaction of

material particles with the STEM.

Every material particle interacts both with the STEM emitted by itself due to the
selfvariations, and with the STEM originating from other material particles. The material
particle and the STEM with which it interacts, comprise a dynamic system which we called

“generalized particle”. We study this continuous interaction in the present article.



2. THE BASIC STUDY OF THE STRUCTURE OF THE GENERALIZED PARTICLE

2.1. Introduction

In this paragraph we give the mathematical formulation of the law of selfvariations

for the rest mass and we determine the fundamental physical quantities 4,,k,i=0,1,2,3

which are obtained from the law. For the formulation of the equations the following notation
IS used:

W = the energy of the material particle

J = the momentum of the material particle

m, = the rest mass of the material particle

E = the energy of the STEM interacting with the material particle

P = the momentum of the STEM interacting with the material particle

E, = the rest energy of the STEM interacting with the material particle

With the above symbolism, the law of Selfvariations for the rest mass is given by equations
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The the findings resulting from the law of Selfvariations will be referred to as "the

Theory of Selfvariations” (TSV). Initially, we present the TSV in inertial frames of reference.



2.2. The basic study of the internal structure of the generalized particle

We consider a material particle with rest mass m, = 0. That is, we consider a
generalized particle. The rest mass m, and the rest energy E, given by equations (2.1) and

(2.2) respectively according to special relativity [1-4]
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where Cis the vacuum velocity of light snd i is the imaginary unit,i* = —1.
Using this notation, the law of Selfvariations and equations (2.1) and (2.2) are written

in the form of equations (2.6), (2.7) and (2.8)
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After differentiating equation (2.7) with respectto X,k =0,1,2,3 we obtain
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and with equation (2.6) we obtain
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and with equation (2.7) we obtain
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With this notation, equation (2.9) can be written in the form
Jodo + I Aq + 3,4, + 3,4, =0, k=0,1,2,3. (2.11)
We now need the 4x4 matrix T as given by equation
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With this notation, equation (2.11) can be written in the form
TJ =0. (2.13)

From m, =0 in equation (2.7) and taking into account equation (2.10) we get again equations

(2.11) and (2.13).

We now prove the following theorem:



Theorem 2.1°" For k #i Kk, i e{O,l, 2,3} it hold that
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for at least one pair (k,i),k =ik,ie {0,1, 2,3} it holds that
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Proof. Indeed, by differentiating equation (2.6) with respect to X, i =0,1,2,3 we get
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from which we obtain relations (2.15) and (2.16).o

3. PHYSICAL QUANTITIES A, k,i=0,1,2,3 AND THE CONSERVATION
PRINCIPLES OF ENERGY AND MOMENTUM

3.1. Introduction

The physical quantities 4;,K,i=0,1,2,3 are related to the conservation of energy and

momentum of the generalized particle. This investigation we will present in this section.

We present the internal symmetry, which expresses the isotropy of spacetime, and
the external symmetry which expresses the anisotropy of spacetime. In this paragraph we two
of the fundamental theorems of TSV: the theorem of internal symmetry and the first theorem

of external symmetry.

3.2. Physical quantities A, k,i =0,1,2,3 and the conservation principles of energy and

momentum

We start our study with the proof of the following theorem:

Theorem 3.1 “"For m, = 0and when the generalized particle conserves its momentum along
the axes X,,1=0,1,2,3 , that is

J. + P =c, =constant (3.1)
then the following equation holds
b b b
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forevery k,i=0,1,2,3, k=i.

Proof. Combining relation (2.15) with equation (3.1) we obtain



and with equation (2.10) we get
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which is equation (3.2). The rest of equations (3.2) are derived taking into account equation
(3.1). Equation (3.2) holds for k =i, k,i=0,1,2,3, since equation (2.14), from which

equation (3.2) results is an identity for k =iand gives no information in this case.o

We now prove the following theorem:

Theorem 3.2. TSV theorem for the symmetry of indices:

" For m, = 0 and when the generalized particle conserves its momentum along the axes X,

and X, with k =1, the following equivalences hold

1 4 =4, = B=JR ¢, =¢J, <cRB=ch.

(3.3)
2. A=A, & A, zi(JkP. —J.Pk)zi(c.Jk —ckJ.)zi(ckP -cR). (3.4)
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Proof. The theorem is an immediate consequence of equation 3.2.o
We now consider the four-vector C, as given by equation
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When the generalized particle conserves its momentum along every axis, then the four-vector
C is constant. Also, we denote M the total rest mass of the generalized particle, as given by

equation
C'C=c +c’+c+c¢. =—-M.c? (3.6)
where C' is the transposed of the column vector C.

For reasons that will become apparent later in our study, we give the following

definitions: We name the symmetry 4, =4, k=1, k,i=0,1,2,3 internal symmetry, and the

symmetry 4, =-4,,, k=i, k,1=0,1,2,3 external symmetry. We now prove the following

theorem:

Theorem 3.3. Internal Symmetry Theorem:

" For m, = 0 and when the generalized particle conserves its momentum in every axis, the

following hold:
1. A4, =4, forevery k,i=0,1,2,3 < J, P and C are parallel
< P=®J where ®eC. (3.7)

2. For ® =—1or ®=0 the following equations hold

E,=+tm,c*AM, =0

(3.8)
m,=tM,AE, =0
respectively.
3. For ® = —-1and ® =0 the following equations hold:
b
® =K exp {—%(COXO +CX +CyX, + c3x3)} (3.9)
M
m. =+ "o 3.10
¢ 1+ (3.10)
2
£, =+ OMcC (3.11)
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c .
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p-2% i_0123 (3.13)
1+ D

where K is a dimensionless constant physical quantity.
We have 4, =4, forevery k,i=0,1,2,3
= (3.14)
A; =0 forevery k,i=0,1,2,3 . "
Proof. Equivalence (3.7) result immediately from equivalence (3.3). For @ =-1 from the

last of equivalence (3.7) we obtain P =—J and from equations (2.7), (2.8) and (3.5), (3.6) we

obtain
Eg = m(fc2 AM, =0

which is the first of the equations (3.8). For @ =0 from the last of equivalence (3.7) we
obtain P =0 and from equations (3.5), (3.6) and (2.7) we obtain

m =MZAE, =0
which is the second of the equations (3.8).

For @ = -1 and ® =0 from the last of equivalence (3.7) we obtain P, = ®J, for
every i =0,1,2,3 and with equation (3.1) J, +P, =c, we initially obtain equations (3.12) and
(3.13). Then, combining equations (2.7) and (3.12) we get

2.2

mac? + (co+cl+c;+c3)=0

(@ +1)2
and with equation (3.6) we obtain equation

2.2
mzc? - Me®__g (3.15)
(©+1)

and we finally have

MO
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which is equation (3.10). Similarly, combining equations (2.8) and (3.13) we obtain equation
(3.11). We now prove that function @ is given by equation (3.9).
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Differentiating equation (3.15) with respect to X,, v=0,1,2,3 and considering

equation (2.6) we obtain

2.2
2—bF>Vm§c2+ 2M0c38£>=
h (®+1)" 0X,

and with equation (3.15) we have
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and with equation (3.13) for i =V we arrive at equation

aip:—%cvcp, v=0,12,3. (3.16)

X,
By integration of equation (3.16) we obtain

® = K exp [—%(COXO +CX +CyX, + c3x3)}

where K is the integration constant, which is equation (3.9).

Combining equations (2.10), (3.12) and (3.13) fork =0,1,2,3 we obtain

aJ, b
=i Zpg
//lkl an h ki
/1k-=i( C. j_gqu C,
x4+ ®) hl+D1+D

and with equation (3.16) for v =k we obtain

A = o Ec _b ®cc
L@yt h(1+)
A =0.o
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We formulated theorem 3.3 for J =0 in order for the material particle to exist. If we
formulate the theorem for P =0, then material particle and the STEM trade places in the

equations and the conclusions of the TSV.

Following we do the study based on case 3. of the internal symmetry theorem. That is
in the case where @ = —1 and ® #0. The study of the cases ® = -1 and ® =0, i.e. of egs.

(3.8) are not considered in the present publication.

According to the previous theorem, internal symmetry is equivalent to the parallelism

of the four-vectors J, P . Starting from this conclusion we can determine the physical content

of the internal symmetry.

In an isotropic space the spontaneous emission of STEM by the material particle is
isotropic. Due to the linearity of the Lorentz-Einstein transformations, this isotropic emission
has as a consequence the parallelism of the four-vectors J,P ([5] par. 5.3). Thus, the
theorem of internal symmetry 3.3 holds for the spontaneous emission of STEM by the

material particle due to Selfvariations .

In the following paragraphs, we will make clear that the internal symmetry refers to a
spontaneous internal increase of the rest mass and the electrical charge of the material
particles, independent of any external causes. The consequences of this increase is the
cosmological data, as we'll see in Paragraph 11. Also, the internal symmetry is associated

with Heisenberg's uncertainty principle.

We start the investigation of the external symmetry with the proof of the following

theorem:

Theorem 3.4. First theorem of the TSV for the external symmetry: ** For m, =0 and

when the generalized particle conserves its momentum along every axis, and the symmetry

A, =—A, holds for every k=i,k,i=0,1,2,3, then:

Ci Ay +CAy +C 44 =0
1 ¢J, +¢Jd;, +¢,J,; =0 (3.17)
¢Py+¢hR, +¢,Fi =0

forevery i zv,v=Kk,k =i, k,i,v=0,1,2,3.
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Ohi _b bc, , b bc,
2. GXV - Vﬂ'kl 2% ﬂ'ki - A ‘Jv/lki + 2% /q’ki (318)

for every k #i,k,i,v=0,1,2,3.

3. /101132 +/102/113 +/103/121 =0." (3.19)

Proof. From equivalence (3.4) we obtain

D63 —cd)k=iki=0123 (3.20)
Zh iYk ki

A =
Considering equation (3.20) we get

Cidy +C A, +C, A = Z_bh[ci (Cka _Cv‘]k)+ck (Cin _Ci‘]v)+cv (Ci‘]k —CJ; )] =0.
Thus, we get the first of equations (3.17). Similarly, from the other two equalities of

equivalence (3.4) we obtain the second and the third equation of (3.17). Since k =i in
equivalence (3.4), the physical quantities 4,4, 4, in equations (3.17) are defined for

v=k,i=zv,k=ik,i,v=01273.

Differentiating equation (3.20) with respect to x,,v=0,1,2,3 we obtain

04i _ b ¢ D 0J, 6J
oX, 2h 6xV ax

and with equation (2.10) we get

O _ b{ (bPJ + 4, j (EPJ.JJ.H
ox, 2n| '\ n povio

alk Zh{ P (C‘] Ck‘]i)+ciﬂ\/k_ck2\/ii|

X,
oA; b b
a—ivk'ZngE(CiJk —CkJi)JfE(Ci/lvk —GAi)

and with equation (3.20) we obtain

Oki _bp, B es
& - A R/ﬂm + 2% (Ciﬂ\/k Ckﬂ\/i)

and with the first of equations (3.17) we obtain
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Ciﬂ\/k - Ckﬂ\/i = _Cv/lki

we get

o4; b bc,
B Pty
X, & 2n

which is equation (3.18). The second equality in equation (3.18) emerges from the
substitution

P,=c,-J,,v=0123
according to equation (3.5).
Taking into account equation (3.20) we obtain

Aoy + Ay g + Aga Ay =

2

b
W[(Cl‘](’ —¢,Jd,)(C,d;—¢,3,) +(€,d5 —od, ) (€3, — €35 ) +(Cud, — €45 ) (C,d, —0231)] =0

after the calculations. o

From equation (2.14) it follows that, for m, =0, we don’t know if it is ? = Zi or
X,  OX

oP.  0oR
—L

5 i k =i,k,i=0,1,2,3. Next we study the external symmetry based on equation (3.4),
X, OX

which holds for m, = 0. In paragraph 7 we will see the equation of the TSV that holds

whether it is m, = 0or m, =0 (equation (7.89)).

4. THE UNIFIED SELFVARIATIONS INTERACTION (USVI)

4.1. Introduction

The most direct consequence of the law of selfvariations is the emission of STEM in
spacetime. Through STEM the TSV predicts a common mechanism, a common cause for the

interactions of the material particles (Unified Selfvariations Interaction, USVI).
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In this paragraph we prove the 2" theorem of external symmetry which enables us to

determine the potential field (a,p)of USVI. The field (a,B) is defined for any interaction

and not only for the electromagnetic and the gravitational interaction. It also satisfies four
equations which correspond to the four Maxwell equations. These equations, as well as the
Maxwell equations, are special cases of more general equations as we shall see in the next

chapter. At the end of the chapter we calculate the field potential.

The USVI consists of the sum of three terms. The first term is demonstrated by a
force parallel to the 4 dimensional momentum of the material particle. This term is always
non-zero. The 2" term demonstrates the spacetime curvature and the 3" the familiar from

electromagnetism, Lorentz force.

4.2. The Unified Selfvariations Interaction (USVI)

According to the law of selfvariations every material particle interacts both with the
STEM emitted by itself due to the selfvariations, and with the STEM originating from other
material particles. In the second case, an indirect interaction emerges between material
particles through the STEM. STEM emitted by one material particle interact with another
material particle. Through this mechanism the TSV predicts a unified interaction between
material particles. The individual interactions only emerge from the different, for each

particular case, physical quantity Q which selfvariates, resulting in the emission of the
corresponding STEM.In this paragraph we study the basic characteristics of the USVI. We
suppose that for the generalized particle the conservation of energy-momentum holds, hence
the equations of the preceding paragraph also hold. For the rate of change of the four-vector

i\] we get
0

0 (JiJ__i@mui%

PR 2
oX, \ m, my OX, M, OX,

and with equations (2.6) and (2.10) we get
o[ J J. b 1(b
— |=——=%—=Pm,+—| =R J, + A4,
( J m (fl ki ﬂ’li

ox, \ m,

and we finally obtain
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%(;—;jzﬁ—; k,i=0,12,3. 4.1)
According to equation (4.1), when A, = 0 for at least two indices k,i, k,i=0,1,2,3,

the kinetic state of the material particle is disturbed. According to equivalence (3.14) in the

internal symmetry itis 1, =0 for every k,i=0,1,2,3. Therefore, in the internal symmetry

the material particle maintains its kinetic state. In an isotropic space we expect that the
spontaneous emission of STEM by the material particle cannot disturb its Kinetic state.
Consequently, the internal symmetry concerns the spontaneous emission of STEM by the
material particle in an isotropic space.

In contrast, in the case of the external symmetry it can be A, =0 for some indices
k,i, k,i=0,1,2,3. Therefore, the external symmetry must be due to STEM with which the
material particle interacts, and which originate from other material particles. The distribution
of STEM depends on the position in space of the material particle relative to other material
particles. This leads to the destruction of the isotropy of space for the material particle. The
external symmetry factor will emerge in the study that follows.

The initial study of the Selfvariations concerned the rest mass and the electric charge.
The study we have presented up to this point allows us to study the Selfvariations in their
most general expression.

We consider a physical quantity Q which we shall call selfvariating “charge Q ”, or
simply charge Q, unaffected by every change of reference frame, therefore Lorentz-Einstein
invariant, and obeys the law of Selfvariations, that is equation

oQ b
—=—PRQ, k=0,1,2,3. 4.2
oX, h K (42)

In equation (4.2) the momentum P,k =0,1,2,3, i.e. the four-vector P, depends on
the selfvariating charge Q. Two material particles carrying a selfvariating charge of the same
nature interact with each other when the STEM emitted by the charge Q, of one of them

interacts with the charge Q of the other. In this particular case, we denote with Q the charge

of the material particle we are studying.

The rest mass M, is defined as a quantity of mass or energy divided by ¢, which is
invariant according to the Lorentz-Einstein transformations. The 4-vector of the momentum

J of the material particle is related to the rest mass m, through equation (2.7). The charge

16



Q contributes to the energy content of the material particle and, therefore, also contributes to

its rest mass. Furthermore, the charge Q modifies the 4-vector of momentum J of the
material particle and, therefore, contributes to the variation of the rest mass m, of the

material particle. Consequently, for the change of the four-vector J of the material particle
due to the charge Q, the four-vector P of equation (2.10) enters into equation (4.2). The

consequences of this conclusion become evident when we calculate the rate of change of the
1

four-vector —J.

Theorem 4.1 Second theorem of the TSV for the external symmetry:

"1. The rate of change of the four-vector %J due to the Selfvariations of the charge Q is

given by equation

0 (ij:ﬁ, Ki=0123
Q .

x\ Q (4.3)

2. For k =1 the physical quantities % are given by
Aa _ za,;, k#1,k1=012,3

Q (4.9)
where z is the function

& }
Z =exp| ——(CoX, +C,X, +C,X, +CX;)
2h . (4.5)

3. For the constants a,; the following equations hold

Cay +Ca, +C,8, =0
Jiay + 3, +J,a, =0 (4.6)
Pa, +Ra, +Ra; =0

forevery i zv,v=k,k =i, i,k,»v=0,1,2,3.

4 o, =—ag,k#iki=0123 4.7)

5. ay 0y, + 0,0, a0, =07 (4.8)
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Proof. In order to prove the theorem, we take

o(3)_ 30 1
ox \ Q QZox, Qox,

and with equations (4.2) and (2.10) we get

o (3,) b, 1(b
&(6]‘ Qn e Q(hpk‘]i”“j

i(i} _
x Q) Q
which is equation (4.3). Equations (4.2) and (2.10) hold for every k,i=0,1,2,3. Therefore,

equation (4.3) also holds for every k,i=0,1,2,3.
For k=i, k,i=0,1,2,3 and v=0,1,2,3 equation (3.18) holds and, since Q =0, we

obtain
a/q'kl _ b V
aXV - Q/lkl h Q/’ikl
and with equation (4.2) we get
0Q b
QTn -, 22-22qy,

\2

Q¥u_; Q) Doty
Q ax 'ax  2h Q
O (Aa|__be A
x\ Q) 2nQ

and integrating we obtain

| b
% =a, exp{—z—h(cox0 +C,X +C,X, + c3x3)}

where a,,k =i,k,i =0,1,2,3 are the integration constants, and with (4.5) we get equation

(4.4). Equations (4.6) are derived from the combination of equations (3.17) and (4.4), taking

into account that zQ = 0. Equation (4.7) is derived from the combination of equation
A ==Aq, K#1,K,1=0,1,2,3 with equation (4.4). Simirarly, equation (4.8) is derived from the
combination of equations (3.19) and (4.4).o

We will also use equation
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22 B, k0123 (4.9)
OX, 2h

which results immediately from equation (4.5).

For k =i,k,i=0,1,2,3 equation (4.4) does not hold. So we define the physical

quantities T, as given by equation

T, =0t =%,k=0,1,2,3. (4.10)
z

Taking into account the notation of equation (4.10) the main diagonal of matrix T of

equation (2.12) is given from matrix A

4, 0 0 07 [T, 0 0 0

0 0o 0|/ |0 T 0 o0
_1 Ay _ ! (4.11)

Qo 0 4, 0| |0 0T 0

0 0 0 A,/ |0 0 0 T,

We now define the three-vectors a and f, as given by equations (4.12) and (4.13)

respectively

a, a, iICAy,

a=|a, |=|a, |=1|ick, (4.12)
o, a, Q ICAy;
B B, 1 As

B=|5, |=| B, ) A |- (4.13)
By B, Ao

Vectors a and g contain all of the physical quantities 4, for k =i,k,i =0,1,2,3since
A =4

Combining equations (4.12) and (4.13) with equation (4.4), the vectorsa and p are

written in the form of equations (4.14) and (4.15), respectively

a ay o
o=|a, |=|a, |=ictZ| a, (4.14)
a, a, 205

19



B By U3,
B=|5 |=| B, |=7| a5 | - (4.15)
B B, Ay

We write equation (2.10) in the form

oJ. b .

—==PRJ.+4,,ki=0123. 4.16

an h k*i ﬂkl ( )
The rate of change of the momentum of the material particle equals the sum of the two terms
in the right part of equation (4.16). For k=0, and since x, =ict, equation (83) gives the rate
of change of the particle momentum with respect to time t, i.e. the physical quantity we call

“force”. By using the concept of force, as defined by Newton, we also have to use the concept

of velocity. For this reason we symbolize u the velocity of the material particle, as given by

equation
ul ux
u=|u,|=lu, (4.17)
u, u,
Also, we define the 4-vector of the four-vector U , as given by equation
Uy ic
u, u,
u= = : (4.18)
u 2 Uy
u3 uz

We now prove the following theorem:

Theorem 4.2. *” The rates of change with respect to time t(xo = ict) of the four-vectors J

and P of the momentum of the generalized particle carrying charge Q are given by

equations

dJ d i i lu-oz

Y _dQ 5 T oau-tolc (4.19)
dx, Qdx, cC C atuxp
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i
o

dp __dQ J+- - zQAu e Q (4.20)

dx,  Qdx,

a+uxp

Proof. The matrix A is given in equation (4.11). By uxp we denote the outer product of
vectors U and B.

We now prove the first of equations (4.19):

dle)-ala)ualz)egle)ed
—| === = |+U,—| = [+U,—| = |[+U;—
dtlQ /) ot Q ox\ Q y\ Q oz

and using the notation of equation (2.3) we get

|cd[J j ) [Joj o [Joj 0 (JOJ d [Joj
=IC—| — |[+U —| = |+U,—| = |[+U;—| —
dx, { Q %\ Q %\ Q %, \ Q %, \ Q

and with equation (4.3) we get

3
Q

icd [ J, :ic@ Alo +U, 2°+u3@

dx, { Q Q 'Q Q Q
iﬁzﬁ_iuﬁw 0,y Ko

% Q) Q cl'Q Q °Q

LN T U L YRR L. ST

dx, Q) Q ¢l " Q Q Q
1d, 3, dQ Ay, [@N A @j
Qdx, Qdx, Q ¢ 'Q *Q °Q
4, _ dQ i

dXO - deo ‘]0 +ﬂ‘00 +C(u1ﬂ'01+u2ﬂ'02 +U32.03)

and with equations (4.10) and (4.12) we have

dJ, __dQ |

dx, Qdx,

+2QT, ——Q( ual+ u,or, +— Uasj
c C



which is the first of equations (4.19) since

L zQT,u, = L zQT,ic = zQT,.
c c

We prove the second of equations (4.19) and we can similarly prove the third and the

fourth:

i) wl5)alg)sls e als)
—| 2 == =2 |[+u,—| = |+u,—| = U, —| =
dt\ Q ot\ Q ox\ Q oy\ Q oz\ Q

and using the notation of equations (2.3) and (2.4) we obtain

icd[Jlj ica(Jlj o (Jlj d [Jlj ) (Jlj
—| = == = [+U —| = |+U,—| = [+ U;—| =
d Q) %\ Q %\ Q 0%, \ Q %3\ Q

and with equation (4.3) we get

led 3, :icﬁ+ulﬂ+u2@+u3ﬁ
dx, \ Q Q "Q Q "Q

Ld), 0, 0Q WAy Wy Ay iU A

Qdx, Q°dx, cQ Q ¢cQ ¢Q
W Qg i, L i, i
dXO - deo Jl c ﬂll+j'01 c ﬂ'Z1+ c A13

and with equations (4.10), (4.12) and (4.13), we obtain

@, _ dQ
dx, Qdx,

‘]1 _lZQTl _lQal _lQ(uzﬂs _usﬂz)
C C C

which is the second of equations (4.19). Equation (4.20) results from the combination of
equations (4.19) and (3.5).o
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Using the symbol J for the momentum vector of the material particle

X

J
J=[J,|=]1J
J

z

and taking into account equations (2.3) and (2.4) and (4.11) the set of equations (4.19) can be

written in the form

dW  dQ ,
—=—--W+2zQc"T, +Qu-
dt  Qdt Qe +Qu-a

Tu, . (4.21)
dJ d
E:Q_gtJJFZQ T,u, |[+Q(a+uxp)

T3u3

Equations (4.21) are a simpler form of equation (4.19) with which they are equivalent.

The rate of change of the four-vector J of the momentum of the material particle is
given by the sum of the three terms in the right part of equation (86). The USVI and its
consequences for the material particle depend on which of these terms is the strongest and

which is the weakest.

The first term expresses a force parallel to four-vector J which is always different
than zero due to the Selfvariations. As we will see next, the second term is related to the
curvature of spacetime. The third term on the right of equation (4.19) is known as the Lorentz
force, in the case of electromagnetic fields. In many cases a term or some of the terms on the
right of equation (4.19) are zero, with the exception of the first term which is always different

than zero.

From equation (4.19) we conclude that the pair of vectors (a, B) expresses the

intensity of the field of the USVI according to the paradigm of the classical definition of the
field potential. From equation (2.10) we derive that the physical quantities 4,k,i=0,1,2,3

have units (dimensions) of kg-s™. Thus, from equation (4.12) we derive that if Q is the rest
mass, the intensity o has unit of m-s™. If Qs the electric charge, the intensity a has unit of

N -C™. Now we will prove that for field (a,B) the following equations (4.22) hold:
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Theorem 4.3. ** For the vector pair (a, B) the following equations hold:

ichz
V-a= _E(Claol +Cy 0ty + Cy0ty; ) Q
VB0 (b)
op
. _ B c 4.22
S (©) (4.22)

, Collyy + Gy +Colyy p
a
VxB= _E Co, +Coxp, + G, |+ 2ot (d)

Colps +C03 + Cylyg

Proof. Differentiating equations (4.14) and (4.15) with respect to x,, k =0,1,2,3 and

considering equation (4.9), we obtain equations

Ou _ b, (4.23)
OX, 2n
op bc,
—=——"B. 4.24
OX, 2h P (4.24)

From equations (4.23) and (4.24) we can easily derive equations (4.22). Indicatively, we

prove equation (4.22b). From equation (4.15) we obtain

and with equation (4.9) we get

bz
V-B= _E(Clasz +Ca5 + CSaZl)

and with the first of equations (4.6) for (i,v,k)=(13,2) we get

V-Bp=0.

The first of equations (4.6) should be taken into account for the proof of the rests of equations

of (4.22). o
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Considering equations (4.22) we define the scalar quantity p and the vector quantity

j, as given by equations

ichz
p=ocV-a= _GE(ClaOI +C,a, +C3a03)
bz —Coy; —Cy 8y +Coag (4.25)

1= O'E ~Colp TG 8y —Ciay

—Co8y3 —C, 43 +C,a,,

where o =0 is a constant. We now prove that for the physical quantities p and j the

following continuity equation holds:

op .
—+V-j=0. 4.26
o i (4.26)

Proof. : From the first of equations (4.25) we obtain

p=cV-a
8_p=0-ﬁ(Va)
ot ot

@:v.(aa_“j
ot ot

and with the second of equations (4.25) and equation (4.22d) we get

6,0 2 .
—=V-(oCcVxp—-
P ( B-j)
a_p:_v.j

ot

which is equation (4.26). o

According to equation (4.26), the physical quantity o is the density of a conserved
physical quantity g with current density j. The conserved physical quantity g is related to
field (a,B)through equations (4.22).We will revert to the issue of sustainable physical

quantities in the next paragraphs.

The density o and the current density j have a rigidly defined internal structure as
derived from equations (4.25). We now consider the four-vector of the current density j of

the conserved physical quantity g, as given by equation

25



- jl jx

1= 0= (4.27)
) Jy
j3 jz

0 Qo Oy O
M = —Cy 0 -a, o (4.28)
Op Oy 0 U3,
Oy 0 Oy 0
Using matrix M equations (4.25) can be written in the form of equation
2
= 2P e (4.29)
2h

From equations (4.22b,c) we conclude that the potential is always defined in the

(u,B)- field of the USVI. That is, the scalar potential

V=V (t,XY,2)=V (X, X\ %, X;)

and the vector potential A

A A
A=A(LXY,2)=A(X, X, %, %)= A, |=| A
A) A

are defined through the equations

B=VxA

gV _a_A:_VV_lcaA :
ot OX,

We can introduce in the above equations the gauge function f. That is, we can add to

the scalar potential V the term

of icof

ot %

and to the vector potential A the term
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\%4i

for an arbitrary function f
f=f(tXy,2)="f (X%, %, X)

without changing the intensity (a,ﬁ)of the field. The proof of the above equations is known
and trivial and we will not repeat it here. For the field potential of the USVI the following

theorem holds:

Theorem 4.4.

1. Inthe (a,B)-field of USVI the pair of scalar-vector potentials (V,A) is always defined

through equations

B=VxA

i . 4,
a=-VV _oA =IiCVA, - IcOA (4.30)
ot 0X,

2. The four-vector A of the potential

Y,
Mo
A= AL A (4.31)
NBLE
A
IS given by equation
%%z+%,fori #k
b ¢, OX;
A= of (4.32)
—& fori=k
OX
where ¢, =0,k €{0,1,2,3},i=0,1,2,3 and f, is the gauge function.
3. For c.c, =0,k =1i,k,i e{0,1,2,3} equation (4.33) holds
2
foof 2% o0k kiz=0123. " (4.33)
b

k™i
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Proof. Equations (4.30) are equivalent to equations (4.22b, c) as we have already mentioned.

The proof of equation (4.32) can be performed through the first of equations (4.6). The

mathematical calculations do not contribute anything useful to our study, thus we omit them.
You can verify that the potential of equation (4.32) gives equations (4.14) and (4.15) through

equations (4.30) taking also into account the first of equations (4.6). O

From equation (4.32) the following four sets of the potentials follow:

c, =0
of,
A
_ 2z ay | Oy (4.34)
b ¢, ox
AZ—ZhZﬂ+%
b ¢, 0x
A3_2h2%+a—f°
b ¢, 0x
c,#0
LA
b ¢ 0x
of,
Al_a (4.35)
p = 2hza, O
b ¢ 0x,
p =220 O
b ¢ 0x
c,#0
p =22 on O
b ¢, X
JHzay (4.36)
b c, ox
of,
A
_ 2y | Oy
b c, 0x
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c,=0
2m2 ay | Ofy

h= b ¢, 0x,
A&:@ﬂq.a_f?’ .
b ¢, ox
A2=@&+a_f3
b c, 0x
_afs
A3_6x3

(4.37)

Indicatively, we calculate the components «, and p, of the intensity (a,B) of the

USVI field from the potentials (4.34). From the second of equations (4.30) we obtain

a, = ic(% —%]
X, 0%,

and with equations (4.34) we get
a, =ic i % _i &ﬂ_kﬁ
X\ 0%, ) ox,\ b ¢, ox

and with equation (4.9) we get

o, =iczay,

that is we get the intensity «, of the field, as given by equation (4.14).

From the first of equations (4.30) we have

_A A

Z X, Ox,

and with equations (4.34) we get

g0 2o M| O f2h2ay o
o b o ax) ax b ¢ ox

y; _2hay 0z 2ha, 02
1

and with equation (4.9) we get

C,o C.,
_ 2% 5, 3% ,
Co Co

b=

and considering that «,, = —a,,, We get
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Z
B = _C_(C2a03 + C3a20) ) (4.38)

0
From the first of equations (4.6) for (i,v,k)=(2,0,3) we obtain

C,y; + C;8,, +Cyd,, =0

C,8y; + C38y, = —C,yay,
and substituting into equation (4.38), we see that

B =10y
that is, we get the intensity S, of the field, as given by equation (4.15).

The gauge functions f, ,k =0,1,2,3 in equations (4.34)-(4.37) are not independent of

each other. For ¢, =0 and ¢, =0 for k=i,k,i=0,1,2,3 equation (4.39) holds

2
4h Z&,ckci #0,k #i, k,i=0,1,2,3. (4.39)

ki

fo="1+

1 2

The proof of equation (4.39) is through the first of equations (4.6). The proof is
lengthy and we omit it. Indicatively, we will prove the third of equations (4.34) from the third
of equations (4.35) for k=1 and i=0 in equation (4.39).

For c, =0 and c, = 0 both equations (4.34) and equations (4.35) hold. From equation

(4.39) for k=1 and i =0 we get equation

2
fof 4200 (4.40)
b® cc,
From the third of equations (4.35) and equation (4.40) we get
2
A :%@+1(f0+4h22@j
C, OX, b c,C,
Az = @%4_ %4_4_7712@8_2
b ¢ ox, b* cc X,
and with equation (4.9) we obtain
p 22 Oy 202 iy
b ¢ ox, b cgC
2hz of
A = beyc, (COalZ — G )+az
and since «,, = —«,, , We get equation
2hz of,
=——(Cya, +Coxy, ) +—. 441
Az bcocl( o“12 2 01) 5X2 ( )
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From the first of equations (4.6) for (i,v,k)=(0,1,2) we obtain

Codyy +Cy8 + €3y =0
Cody, +Cy8y, = —Ciay
Codyp +C8y =C8y,
and substituting into equation (4.41) we obtain equation

@ﬂJr%

. 4.42
b ¢, X (4.42)

A, =
Equation (4.42) is the third of equations (4.34).

According to equation (4.39), if ¢, = 0 for more than one of the constants
c..k =0,12,3, the sets of equations of potential resulting from equation (4.32) have in the
end a gauge function. In the application we presented assuming c, =0 and c, =0 for a
specific gauge function f, in equations (4.34), the gauge function f, in equations (4.35) is
given by equation (4.40). o

We conclude the investigation of the potential of the field (a,B)of USVI by proving
the following corollary:

Corollary 4.1. "’In the external symmetry, the 4-vector C of the total energy content of the

generalized particle cannot vanish:

O 0

(4.43)

N

O
I
O O
H
o o o o

Proof. Indeed, for C =0 we obtain J =—P from equation (3.5). Therefore, the four-vectors
J and P are parallel. According to equivalence (3.7) the parallelism of the four-vectors J
and P is equivalent to the internal symmetry. Therefore, in the external symmetry itis C = 0.

O

A direct consequence of these findings is that the potential of the field (o, p)of USVI
is always defined, as given from equation (4.43). This conclusion is derived from the fact that

at least one of the constants ¢,k € {0,1, 2, 3} is always different than zero.
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5. THE CONSERVED PHYSICAL QUANTITIES OF THE GENERALIZED
PARTICLE AND THE WAVE EQUATION OF THE TSV

5.1. Introduction

The TSV predicts a wave equation whose special case are the Maxwell equations, the
Schrédinger equation and other relevant equations The wave equation ¥ of the TSV is
related to the conserved physical quantities. We determine a mathematical expression for the

total of the conservable physical quantities, and we calculate the current density 4-vector j.

The density p and the current density j of the conserved physical quantities have a

strictly determined structure which relates with the quantum behavior of matter. The physical

quantities p and jare related with an entirely different way than given by the equation

j= pu used by the theories of the previous century.

5.2. The conserved physical quantities of the generalized particle and the wave equation
of the TSV

The generalized particle has a set of conserved physical quantities q which we

determine in this paragraph. At first, we generalize the notion of the field, as it is derived

from the equations of theTSV. We prove the following theorem:

Theorem 5.1.

1. For the field (& ) of the pair of vectors

a01
E=icY| a,, (5.1)
a03

o=Y a;, (5.2)

where W =W (X, X, X,, X, ) is a function satisfying equation
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oY b
k

k=0123 (4,4)#(0,0), A, ueC arefunctions of x,,x,x,,x,, the following

equations holds

V-o=0

. 5.4
Vxé:—%—? (54)

2. The generalized particle has a set of conserved physical quantities g with density p and

current density j

3 j (5.5)

where o =0 are constants, for which conserved physical quantities the following continuity

equation holds

op .

——+V-j=0. 5.6

Py (5.6)
3. The four-vectors of the current density j are given by equation

2
j:—G;b‘PM (A3 +uP) . (5.7)

Proof. Matrix M in equation (5.7) is given by equation (4.28). We denote J and P the

three-dimensional momentums as given by equations

'Jl

J=|J, (5.8)
‘]3
R

P=|P, (5.9)
R

For the proof of the theorem we first demonstrate the following auxiliary equations (5.10)-
(5.15)
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a32
J -[am =0 (5.10)

ay
83
P-la,; |=0 (5.11)
Ay
g1 83
x| ag, |=-Jg| a5 (5.12)
A3 Ay
ay a3
Px|ay, |=—FR| a; (5.13)
03 ay
a3 ‘Jzazl - ‘Jsa13
Ix|a, |=] Ja, —Jdiay, (5.14)
ay ‘]1a13 - Jzasz

a; P2a21 - P3a13
Pxla, |=| Bay—Ray, | . (5.15)

ay P1a13 - Pzaez
In order to prove equation (5.10) we get
83
J-la, |=Jdiay, +J,8,+ J58,

a’21

and with the second of equations (4.6) for (i,v,k) =(,3,2), we have

a21

Similarly, from the third of equations (4.6) we obtain equation (5.11). We now get



ay Jzaos - Jsaoz Jzaos + Jsazo
Ix| 8y, |=| Jsay — 8y |=| Js8y + 18y

Ayg J1a02 - J2a01 ‘]laOZ + ‘]2310

and with the second of equations (4.6) we obtain

Aoy _‘]oasz
JIx|ag, [=|—Jpay,
Ang _‘]oa21

which is equation (5.12). Similarly, by considering the third of equations (4.6) we derive
equation (5.13). Equations (5.14) and (5.15) are derived by taking into account equations
(5.8) and (5.9).

Equations (5.4) are proven with the use of equations (5.10)-(5.15). We prove the first as an
example. From equation (5.2) we obtain

A
V-o=V¥:| a,
a21

and with equation (5.3) we get

b a32 b a32
V-m:EA‘PJ- a; +%u‘PP- a;
aZl a21

and with equations (5.10) and (5.11) we obtain
V-0=0.

From equations (5.4) and (5.5), the continuity equation (5.6) results. The proof is similar to
the one for equation (4.26). The proof of equation (5.7) is done with the use of equations
(5.10)-(5.15), and equation (4.28).o

Field (@, B)presented in the previous paragraph is a special case of the field (& )

for A=pu= —%. For these values of the parameteres A, ¢z we obtain from equations (5.3)
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b1y Lp)y

& A\ 27" 2
CLANL T R0
OX, 2h

and with equation (3.5) we obtain

o¥ _ by,
OX 2h

and finally we obtain
b
Y =z=exp —E(coxO +C,X, +CyX, +C3X;)

and from equations (5.1),(5.2) and (4.14),(4.15) we obtain & =a and ® = .

From equation (2.10) it emerges that the dimensions of the physical quantities

Aq, K, i=0,1,2,3 are

[4i]=kgs™ k,i=0,123.

Thus, from equations (4.12), (4.13) and (4.14), (4.15) we obtain the dimensions of the
physical quantities Qe,;,k,1=0,1,2,3. Furthermore, from equation (4.11) we obtain the
dimensions of the physical quantities T,,k =0,1,2,3. Thus, we get the following relationships

[Qa|=kgs™ k #i,k,i=012,3,

5.16
[QT,]=kgs™ k=0,1,2,3. (5.16)

Using the first of equations (5.16) we can determine the units of measurement of the

(2’;, m) -field for every selfvariating charge Q. When Q is the electric charge, we can verify
that the field units are (V -m‘l,T) . When Q is the rest mass, the field units are (m : s*z,s*l).

The dimensions of the field depend solely on the units of measurement of the selfvariating

charge Q.

From equation (5.7) and taking into account that A1,z € C we can define the
dimensions of the physical quantities gthrough the first of equations (5.16). When Q is the

electric charge, and for o = ¢,, where ¢, is the electric permittivity of the vacuum, q is a
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conserved physical quantity of electric charge. For o = o) , Where e the constant value we
e
measure in the lab for the electric charge of the electron, q is a conserved physical quantity

of angular momentum. For o = @, qis a dimensionless conserved physical quantity, that
e

g€ C . When Q is the rest mass, and for o = i where G is the gravitational constant, q
T

is a conserved physical quantity of mass. Theorem 5.1 reveals the conserved physical

quantities of the generalized particle.

One of the most important corollaries of the theorem 5.1 is the prediction that the

generalized particle has wave-like behavior. We prove the following corollary:

Corollary 5.1. “"For function ¥ the following equation holds

oz ) oax, ox -
ot [vap_ OY | i G
ki CZatZ an aXI

k=i, k,i=0123."

Proof. To prove the corollary, considering that x, = ict, we write equations (5.4) and (5.5)

in the form
i
Vi&=——1/,
oC
V-0o=0
Vg = 1C00 : (5.18)
X,
Veo= Ly i
oC COX,

We will also use the identity (5.19) which is valid for every vector a
VxVxa=V(V-a)-Via. (5.19)

From the third of equations (5.18) we obtain
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and we finally get

v2g+a—2§=L(ﬁ—Vjoj. (5.20)

ox. ocl ox,
Working similarly from equation (5.18) we obtain

2
1
co__ 1y (5.21)

Vo+—;
0%} oC

Combining equations (5.20) and (5.21) with equations (5.1) and (5.2), we get

2 - - -
ag| Ve CE N UL D) s ki=0,1,2,3
OXg oC”( OX, OX

which is equation (5.17).o

Equation (5.17) can be characterized as “the wave equation of the TSV . The basic

characteristics of equation (5.17) depend on whether the physical quantity

0*Y 0°Y
— =V —— (5.22)

F=V¥+
0°x c’ot?

is zero or not.

This conclusion is drawn through the following theorem:
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Theorem 5.2. “"For the generalized particle the following equivalences hold

oO*Y
VZ\P—W:O (523)

if and only if for each k =i, k,i=0,1,2,3 itis

%:% (5.24)
k i
if and only if
2
VZ&_ ? gz :O
ca (5.25)
2 O
c’ot?

Proof. In the external symmetry there exists at least one pair of indices
(k,i), k=i, k,i €{0,1,2,3}, for which «, = 0. Therefore, when equation (5.24) holds, then

equation (5.23) follows from equation (5.17), and vice versa. Thus, equations (5.23) and
(5.24) are equivalent. When equation (5.24) holds, then the right hand sides of equations
(5.24) and (5.25) vanish, that is, equations (5.25) hold. The converse also holds, thus
equations (5.24) and (5.25) are equivalent. Therefore, equations (5.23), (5.24), and (5.25) are

equivalent. O

In case that F =0, that is in case that equivalences (5.23), (5.24) and (5.25) hold, we

shall refer to the state of the generalized particle as the “generalized photon”. According to
equations (5.25), for the generalized photon the (&,(o) -field is propagating with velocity ¢ in

the form of a wave. For the generalized photon, the following corollary holds:

Corollary 5.2: " For the generalized photon, the four-vector j of the current density of the

conserved physical quantities (, varies according to the equations
2j Ol =0,k=0,12,3."
V Jk _W — Y — Yy &y . (526)

Proof. We prove equation (5.26) for k =0, and we can similarly prove it for k =1,2,3.

Considering equation (4.27), we write equation (5.6) in the form
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Ao O, % T (5.27)
OX, OX OX, OX,

Differentiating equation (5.27) with respect to x, we get

2 - - - -
a_JZO + i % + i % + i % — O
OX X\ OX ) 0%\ OX, ) 0%, \ OXq

2 P i i
Oy, 0 (8, 0 (8,), 2 ()
6X0 8X1 aXO 6X2 aXo aXS aXO

and with equation (5.24) we get

Y . : :
Oy, O, 0|, O[] g
X, X\ 0% ) 0%\ OX, ) X\ OXq

which is equation (5.26) for k=0, since X = ict.o

The way in which equations (5.25) emerge in the TSV is completely different from

the way in which the electromagnetic waves emerge in Maxwell’s electromagnetic theory [6-

10]. Maxwell’s equations predict the equations (5.25) for j=0. The TSV predicts (a,p)

waves for j =0, when equation (5.24) is valid. Moreover the current density j in this case

varies according to equation (5.26).

We now prove the following corollary of theorem 5.1:

Corollary 5.3. “'For the 4-vector

Fop
X,
oY

F—\P} _| % (5.28)

OX oY
0X,
oY

| OX, |

itis
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MF\P}:— L (5.29)

oC
where
0 Qo Qg Qg3
- 0 -« a
01 27 13
M =
Qg Ay 0 Uz
Oy O3 Qg 0

and j the 4-vector of the current density of the conserved physical quantities of the
generalized particle.”’

Proof. From equation (5.3) and with the notation of equation (5.28) we have

oY | b
— ==Y (AJ+uP
‘:8X} h ( +ﬂ)

and multiplying from the left with the matrix M we get

ov| b
M| — |=—¥YM (AJ + uP
[ax} h ( TH )

and with equation (5.7) we have

M2 L,
OX oC

which is equation (5.29).o

The equations (5.3), (5.7) and (5.29) give the relation of the wave function ¥ with the
physical quantities J, P and j of the generalized particle.

One of the most important conclusions of the theorem 5.1 is that it gives the degrees
of freedom of the equations of the TSV. In equation (5.7) the parameters

A, u e C, (4, u) = (0,0) can have arbitrary values or can be arbitrary functions of X,, X, X,, X;.

The TSV has two degrees of freedom. Therefore, the investigation of the TSV takes place
through the parameters A and x of equation (5.7).

If we set (4, 4,b)=(L0,i) or (2,1) = (%O) in equation (5.7), we get equations

% (5.30)
V¥ =—-J¥
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For (A, u,b)=(0,1,i) or (A, u) = (Oéj we have

oot (5.31)
vy =lpy
h
For A = u we have
oV b
—=—u¥(J, +P,),k=0,123
o h aY (3 +R)
and with equation (3.5) we have
M 5w k-0123
oX, h
and equivalently we have
oY b,
x n "
0 A : (5.32)

Taking into account that X, =ict and J, = ﬂ, we recognize in equations (5.30) the
c

Schrodinger operators. Using the macroscopic mathematical expressions of the momentum J
and energy W of the material particle, we get the Schrédinger equation [11-15]. The
Schrédinger equation is a special case of the wave equation of the TSV. The designation of

the degrees of freedom A and u determines in a large extend the form of equation (5.7).

6. THE LORENTZ-EINSTEIN-SELFVARIATIONS SYMMETRY

6.1. Introduction
In this paragraph we calculate the Lorentz-Einstein transformations of the physical
quantities 4, k,i =0,1,2,3. The part of spacetime occupied by the generalized particle can

be flat or curved. The Lorentz-Einstein transformations give us information about this

subject.
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The spacetime curvature depends on the elements Ay, 4, 4,,, 4;; Of the main diagonal

of the matrix T of the TSV. We prove that if 4, =0 for at least one k € {0,1, 2,3} spacetime

is curved. For A4, =4, = 4,, = A4,; =0 spacetime may be either curved or the flat spacetime of

special relativity.

6.2. The Lorentz-Einstein-Selfvariations Symmetry

We consider an inertial frame of reference O'(t’, XY, z’) moving with velocity

(u,0,0) with respect to another inertial frame of reference O(t,X,y,z), with their origins O’

and O coinciding at t'=t =0. We will calculate the Lorentz-Einsteintransformations for the

physical quantities 4, k,i=0,1,2,3. We begin with transformations (6.1) and (6.2)

o _20

oy’ oy

9_20

07 oz

W'=y(W-ul,)

JX'=7/(JX—%W]
C

‘]y :‘]y

J'=1]

1
TR
where y=|1-—| .
c

(6.1)
E'=y(E-uR,)
P =y P -2 E)
¢ (6.2)
P,/ =P,
P'=P

We then use the notation (2.3), (2.4), (2.5) and obtain the transformations (6.3) and (6.4)
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(6.3)
0 _9
5X2, X,
9 _92
6X3’ OX,
' . ' u
Jo :7(Jo_|_\]1j I:)O :7(PO_I_P1J
' .u ' .U
J =y JlHEJO P =y PIHEPO . (6.4)
er =J, P2' =P,
J3, =J, P3’ =P,
We now derive the transformation of the physical quantity A,,. From equation (2.10)
for k =i =0 we get for the inertial reference frame O’(t', XY, z')
! a\J ' b ! !
Ao = _O, _g R Jo
X,

and with transformations (6.3) and (6.4) we obtain

0 .uo .U b .u .u
Aoy =V | ——i—— || J,—i=J, |-=/*|P,=i—=P | J,—i=1J
0 =7V [GXO C@Xll( 0 1) h?’ ( 0% 1)( 0% 1}
b

2 2
Jo = (%—iﬂﬂ—iﬂa‘]—f’—“—%——%%+i%%POJ1+i%%aJO+U—%PlJlJ

X, CoX, COX C*ox h c’

and replacing physical quantities

8y &, 3, O,
X, OX, OX,  OX

from equation (2.10) we get
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, b .ub .U .ub .u u’b
A =7 G R+ Ay i R A =i RO = = R,
u? b .ub ub u?b
g AT Pl R R G R

and we finally obtain equation
=7 =i =i - 4
o =7V o Tl T e T 2

Following the same procedure for k,i=0,1,2,3 we obtain the following 16 equations

(27) for the Lorentz-Einstein transformations of the physical quantities A, :

%O'ZVZK%o_i%%l_i%ﬂlo_z_zﬂn]
e il by v
Aa =7 [/101'“(:100 'Cﬂn"'cz ﬂ’lOJ
f_ _.E
Ao —7(%2 'Cﬂizj

f_ _.E
Aos —7(103 'C/llsj

, u u u?
Ao :72£ﬂ10_|zﬂ11+|gﬂoo+c_zﬂ'01]
, .u u u?
Ay =}/2(211+IE/110+I3101—?/100]
(6.5)
' .U
Ay :7(212"";/102}

' .U
A :7(%3'“;/103)
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" _.E
Ao —7/(/120 IC/121J
o aiY
Ay —7/(221""0/120)

/122' = /122
ﬂqsl = ﬂqs

The first two of equations (6.5) is self-consistent when equation

Ao = A1 (6.6)

Then by the second of equations (6.5) we obtain

Am, = o1

According to equivalence (3.14) these transformations relate to the external symmetry, in

which it holds that 4, =-A,; for i #k,i,k =0,1,2,3. Thus, we obtain the following

transformations for the physical quantities 4,k,i=0,1,2,3

/101’ = o

o =1 2+
/100! = oo ﬂn (ﬂo u A J

' 3_'_ 3
jl’:/jln A, = C 7
j’ss' =3 /11 (/113_'_'[:
' U
ol =11 |

Taking into account equations (4.4), (4.10) and that the physical quantity zQ is invariant
under the Lorentz-Einstein transformations, we obtain the following transformations for the

constants «,;,k #1,k,i=0,1,2,3and the physical quantities T,,k =0,1,2,3
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.U
1) —7(0‘02""30‘21)
To, :To u
' Qs =) & —1—a
T =T 03 [ 08, 13}
! ! ) (6.8)
T, =T, Qs =0
" _ .U
T =T, Q3 =7/(a13+l—0£03j
C
. u
ay =7 0{21_|anz

Equation (6.6) correlates the physical quantities A,,and 4, in the same inertial frame
of reference. Taking into account equation (4.10) we obtain T, =T, . Thus, when
transformations (6.8) hold, T, =T, also holds. The reference frame O'(t',x’,y’,z") moves
with respect to the reference frame O(t, X, Y, z) with constant velocity along the x.-axis. If

we assume that the motion is along the y - or z -axis, the generalization of equation T, =T,

follows; the Lorentz-Einstein transformations lead to the following equation

T,=T,=T,=T,=0. Thus, we derive the following two corollaries.

Corollary 6.1. ~ When the portion of spacetime occupied by the generalized particle is flat,
itis

T,=T,=T,=T,=0." (6.9)
Corollary 6.2.”"When

T #0 (6.10)

for at least one k €{0,1,2,3} the portion of spacetime occupied by the generalized particle is
curver and not flat.””

Notice that from the way of proof of corollary 6.1 it follows that the converse is not
true. For external symmetries which have T, =T, =T, =T, =0, spacetime may be either flat
or curved. In paragraph 9 we have shown how to check if spacetime is flat or curved for
external symmetries with T, =T, =T, =T, =0.
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In the external symmetry it is ¢, =0 for at least on pair of indices k,i € {0,1, 2, 3} :

Thus, in external symmetry it is o; = 0only for some pairs of indices k,i{0,1,2,3} . The

Lorentz-Einstein transformations reveal that in flat spacetime this cannot be arbitrary. Let’s

assume that it is

ay, =0

for every inertial frame of reference. Then, we obtain
oy, =0

and with transformations (6.8) we obtain
7/(0502 +1i Eaﬂj =0
c
and since it is a,, =0 we obtain that it also holds

a,=0.

Working similarly with all of the transformations (6.8) we end up with the following four sets

of equations of external symmetry in the flat spacetime:

T,=T,=T,=T,=0

o, #0vea, =0

o, 20

oy, 20 (6.11)
o, #0

o, #0

o, #0

T,=T,=T,=T,=0

oy #0vay, =0

g =0 (6.12)
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Oy = (6.13)

Oy 20V, =0 . (6.14)

As we will see the number of external symmetries in four-dimensional spacetime is
59. From these 2+4+16+16 =38 cases, 9 are discarded and only 29 are external
symmetries which belong to the set of 59 external symmetries. The symmetry that equations
(6.11)-(6.14) express will be referred to as the symmetry of the Lorentz-Einstein-
Selfvarlations. These symmetries hold only in case that the part of spacetime occupied by the

generalized particle is flat.

7. THE FUNDAMENTAL STUDY FOR THE CORPUSCULAR STRUCTURE OF
MATTER IN EXTERNAL SYMMETRY. THE II-PLANE. THE SV -T METHOD

7.1. Introduction

The material particles are in a constant interaction between them (via the USVI)
because of STEM. This interaction has consequences in the internal structure of the
generalized particle, including the distribution of its total energy and momentum between the

material particle and the surrounding spacetime.

The internal structure of the generalized particle is determined by the relations among

the elements of the matrix T . The same holds for the rest mass m, of the material particle, the
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rest energy E, of STEM, with which the material particle interacts, and the total rest mass

M, of the generalized particle. In this paragraph, we study this relation among the elements

of the matrix T .

We present the proofs of six fundamental theorems which determine the structure of

particles which accompany the USVI. In parallel with the theorem proofs we study an

example of a particular external symmetry. We show the SV —M, SV, and SV —T methods

of the TSV for the study of the corpuscular structure of matter. Especially the SV —T enables

us to check the validity of any mathematical equation of the TSV, or other theories, as well as

the self consistency of the TSV.

7.2. The Fundamental Study for The Corpuscular Structure of Matter in external

symmetry. The II-Plane. The SV —T method

We start our study with the proof of the following theorem:

Theorem 7.1. " For the elements of the T matrix it holds that:

T, +T Lol + T Tof, + T.Tol, + T ok + T Tal +T,T,af, =0.”

Proof. We develop equation (2.13), obtaining the set of equations

Jodoo + Jidoy + JpAg, +J3dg =0

—Jodo +J1Ay = Jp Ay + 334, =0
—Jodey + 1A + 3,4, —J3Ay, =0
—Jodos = Jidis + Ay + J3A =0

and from equations (4.4) and (4.10) we have

J,2QT, + J,2Q0,, + J,2Qa, + J,2Qc, =0

—J,2Qa,, + J,2QT, - J,2Qa,, + J,2Qc; =0
-J,2Qa,, + J,2Qa,, +J,zQT, - J,zQa,, =0
—-J,2Qa,, — J,2Qa; + J,2Qa, + J,2QT, =0

and since it holds that zQ = 0 , we take the set of equations

(7.1)
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Jo Ty + oy + J,a, + 30, =0
—Jo@g + T, = Jyay + 3,04, =0 (7.2)
—J0@g + 3,05 + 3,1, =305, =0 . .

—Jotys — Jy05 + J,05, + 3,1, =0

The set of equations given in (7.2) comprise a 4x4 homogeneous linear system of equations
with unknowns the momenta J,, J,,J,, J,. In order for the material particle to exist, the

system of equations (7.2) must obtain non-vanishing solutions. Therefore, its determinant
must vanish. Thus, we obtain equation

T LTI+ T0T1a322 +TT, alzs + T0T3a221 +T,T, 0653 +TT, ac?z +T,T,a 021

(0 gy + Ugp013 + a03a21)2 =0
and with equation (4.8) we arrive at equation (7.1).o

We formulated theorem 7.1 for J =0 in order for the material particle to exist. If we

formulate the theorem for P =0, then material particle and the STEM trade places in the
equations and the conclusions of the TSV.

We consider the 4x4 N matrix, given as:

0 Oz Oz Oy
N = Uy 0 —ap ay (7.3)
—03 O3 0 Oy
Oy Oy Oy 0
Using the matrix N , we now write equation (4.6) in the form of
NC =0
NJ =0 (7.4)
NP =0
We now prove Lemma 7.1:
Lemma 7.1. ""The four-vectors C,J,P satisfy the set of equations
N?C =0
N?J =0." (7.5)
N°P =0
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Proof. We multiply the set of equations (7.4) from the left with the matrix N , and equations

(7.5) follow. o
Using lemma 7.1 we prove theorem 7.2 :

Theorem 7.2. “"For M =0 it holds that:

1. MN=NM =0. (7.6)
2. M?+N?=-¢2 (7.7)
o’ = agl +a§2 +a§3 +a322 +a123 +a221 . (7.8)

Here, | isthe 4x4 identity matrix.

3. For a=0 the matrix M has two eigenvalues 7z, and 7, , with corresponding

eigenvectors v, and v, , given by:

7, =l
0 agl + aozz + a§3
v, = i oy _Lz Q33 — g0y (7.9)
a| Qo | O | 0p0s — Qs
Xos Ol — Uy g
7, =—la
0 a(fl + aozz + a§3
v, = i Aoy '_2 QO3 — Ay, |- (7.10)

| Ay | A | OOy — O3y,

Hos Agplizy — Uy g

4. For a=0 the matrix N has the same eigenvalues with the matrix M , and two

corresponding eigenvectors n, and n, , given by:

7, =la
0 a§2 + a123 + a221
1| o || Qg — gl (7.11)
A%z | O | Az —0p0y

Oy Qo O3 = OppUsy
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7, =—la
2 2 2
0 oy, tas+a,,

_ljas

n Ay — U3 |- (7.12)
, =

i
2
|z | O | Oy — 00y,

Uy Qo O3 — Qs

5. When o = a3, k =i,k i€{0,1,2,3} is

o’ = val, ol +al, +al+as, =0 (7.13)
M2C =0
M?J =0 ." (7.14)
MZ2P =0

Proof. The matrices M and N are given by equations (4.28) and (7.3). The proof of
equations (7.6), (7.7), (7.9), (7.10), (7.11) and (7.12) can be performed by the appropriate
mathematical calculations and the use of equation (4.8).

We multiply equation (7.7) from the right with the column matrices C,J,P , and

obtain

M?2C + N?C =-a’C
M2J +N?J =—a?J
M?2P +N?2P = —¢?P

and from equations (7.5) we obtain

M?’C =-a’C
M?) =—a?J . (7.15)
M?P =—a’P

According to the set of equations (7.15), and for o #0,a” # o}, k #i,K,i € {0,1, 2,3} ,

the matrix M ? = 0 has as eigenvalue o’ = 0with corresponding eigenvector v = 0. From
equations (7.15) it is evident that the four-vectors C,J, P are parallel to the four-vector v,
hence they are also parallel to each other. This is impossible in the case of the external

symmetry, according to Theorem 3.3. Therefore, a® =0 , so that the matrix M? =0 does not
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have the four-vector v as an eigenvector. If the case it is M =0 from equations (7.15) we

get
a’C=0

a’) =0
a’P=0

and because is J # 0 we again have «” =0. Thus, we arrive at equation (7.13). Then, from

equations (7.15) we arrive at equations (7.14), since it holds that &> =0 .o

The M? isa 4x4 symmetric matrix with tr(M 2) =—2¢. Furthermore, according to

equation (7.13) , for M? 20 and a® # &,k #i,k,i e{O,l, 2,3} it holds that
tr(M?)=—2a"=0.

From theorem 7.2 it follows:
Corollary 7.1. ""For the four-vector j of the conserved physical quantities q it holds that:
Mj =0 (7.16)
Nj=0." (7.17)
Proof. We multiply equation (5.7) by matrix M from the left and obtain

2
Mj:—ac b

W(AM?I + uM?P)

and with the second and the third of equations (7.14) we have

Mj=0.

We multiply the terms of equation (5.7) from the left with the matrix N , and obtain

2
Nj =—U‘; DM (43 + uP)

and with equation (7.6) we take

Nj=0.o
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In the equations of the TSV there appear sums of squares that vanish, like the ones
appearing in equations (3.6) and (7.13). Writing these equations in a suitable manner, we can

introduce into the equations of the TSV complex numbers. From equation (3.6) , and for

M, # 0, we obtain

2 2 2 2
o | S|y S| 4 S| -0,
M,c Mc M.c M,c

Therefore, the physical quantities

CO Cl CZ C3
M, M,.c M, M

belong in general to the set of complex numbers C. This transformation of the equations of
the TSV is not necessary. It suffices to remember that within the equations of the TSV there
are sums of squares that vanish. We now prove theorem 7.3, which also intercorrelates the

elements of the matrix T :
Theorem 7.3. ""In the external symmetry and for the elements of the matrix T it holds that:

Ta, =0
vk o (7.18)
izv,v=k k=iiv,k=0123

Proof. We differentiate the second equation of the set of equations (4.6)

Jia, +da, +J,0,,=0

ivk

izv,vzk k=i,iv,k=012,3

with respect to x;, j =0,1,2,3. Considering equations (2.10) and (4.4), we have

b b b
a,, (E PJ; + ZQajij+aiv (% Py + ZQajkj+aki (E PJ, + ZQajvj =0

%Pj (Jia, + e, + 3,0, )+ zQ(ocvkozji +o,0 +akiajv)= 0

and with the second equation of the set of equations (4.6), and taking into account that

zQ =0, we obtain

Al + 04,0 + o, = 0

. . . : (7.19)
izv,v=k,k=i,1,v,k, j=0,1,2,3

55



Inserting into equation (7.19) successively (i,v,k)=(0,1,2),(0,1,3),(0,2,3),(1,2,3)and

j=0,1,2,3, we arrive at the set of equations

Toag, =0
Toay; =0
Toay, =0
T, =0
Ty =0
Ty, =0 .
T,a5, =0
T, =0
Ta,;,=0
T, =0
Ty, =0
Ty, =0

(7.20)

The set of equations (7.20) is equivalent to equation (7.18).o

Theorem 7.3 is one of the most powerful tools for investigating the external

symmetry. This results from corollary 7.2 :

Corollary 7.2. “"For the elements of the matrix T of the external symmetry the following
hold:

1. Forevery k #i,v=k,v #ik,i,v€{0,1,2,3} it holds that

o, #0
k=i =T, =0. (7.21)
v£Kk,i

T,20=>0a, =0,=a, =0
T,#20=a,=0,=0,,=0 (7.22)
T,#20=ay =a,=0,=0 '

T, #20=qay =0y, =0, =0

Proof. Corollary 7.2 is an immediate consequence of theorem 7.3.o
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From theorem 7.3 the following corollary follows, regarding the elements of the main

diagonal of the matrices of the external symmetry:

Corollary 7.3. ""At least one of the elements of the main diagonal of the matrix T is equal

to zero.”’

Proof. If T, #0 forevery v e {0,1,2,3} , from equations (7.20) we obtain ¢,; =0 for every

set of indices k #1i,k,i=0,1,2,3, and from equation (7.1) we have

T, T,T,=0.

This cannot hold, since we assumed that T, =0 for every v =0,1,2,3. Therefore, at least one
element of the main diagonal of the matrix T is equal to zero.

We present a second way for proving this result. In the case of T, #0 for every
Ve {0,1, 2,3} , we obtain from equations (7.20) that «,, =0 , for every k #i,k,i=0,1,2,3.

Thus, the matrix T takes the form

o o 1 o
ol o o
o1 o o o

From equation (2.13) we take
Ty =TJ,=T,J,=T,J, =0
Since we assumed that
T,LT,T, #0
we obtain
J,=J,=3,=3,=0.
Thus, the material particle does not exist.o

The corollary 7.3 follows from the combination of theorems 7.1 and 7.3. We write the

equation (7.1)
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TLTT, + T ol + T, T,0f + T ol + Tk + TTal +T,T,0f, =0

in the form

T LT +Toag, o, + Ty T, + Ty Tao, + Tiag a0, + T, Tog, + T, T,a, =0
and continuing with equations (7.20) we get

T,I,T,T,=0

which implies that not all physical quantities T,, T,,T,, T, can be nonzero. Notice that theorem

7.1is a consequence of the relation J = 0, which also lies ‘behind’ the proof of corollary 7.3

we presented above.

We consider now the three-dimensional vectors

0O s

T=|17, |=| o (7.23)
73 Uy
n Aoy

n=\n, |=|ay,| . (7.24)
N o3

In the case of the T matrices with T=0 and n=0, we define the vector p =0 from equation

H Aoy — Agllyg
W= Hy | =] Koy — Uy (7.25)
Hy Aoz — Ay
Combining equations (5.1), (5.2) with equations (7.23) and (7.24) we obtain
E=ic¥n (7.26)
o=%1 . (7.27)

The field & is parallel to the vector n and the field @ is parallel to the vector T. Moreover the

only variable quantity of the field (&, ) is the function ¥ =¥ (X, %, X, X; ) -
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For every vector

which is determined by the physical quantities of the TSV, we define the physical quantity

| @ ||=(uTa); =(af +a; +a§);. (7.28)

Here, the matrix o' is the transposed matrix of the column matrix «a.
From equations (7.23) and (7.24) we obtain
T N = Oy, + 0y Q3 + Cgslyy -
Also, from equation (4.8) we have
-n=0. (7.29)

Therefore, the vectors Tand nare perpendicular to each other. Considering also equation

(7.25), we see that the triple of the vectors { u,n, T } forms a right-handed vector basis.
From equation (7.13) we have

al +al+al = —(a§2 +af+ azzl)

and with equations (7.23), (7.24), and using the notation of equation (7.28), we obtain

Inif=—II’

and finally we obtain

Inll=ill<ll. (7.30)

From equation (7.25) we have

2

p? =(nxt)’

and since the vectors tand n are perpendicular to each other, we obtain from equation (7.29)

that

2 2.2
p =n‘t

59



and using the notation of equation (7.28) we have

[ lP=ln]f) TP

e ll==1nflll <]l

and from equation (7.30) we take

pll==iln|P=F7|. (7.31)

In the case of the T matrices, where || n = 0, and from equation (7.31), it follows that

Il T]l=0,||p|=0. In these cases we can define the set of unit vectors { €,,¢,,¢, }, given by

n
T e
e o
2 qnl . (7.32)
e T
2
lIn =0

The triple of vectors { ¢,,¢,,¢&; } forms a right-handed orthonormal vector basis.

In the cases of the T matrices with t = 0, we define with IT the plane perpendicular
to the vector T = 0. In the cases where moreover n =0, we obtain from equation (7.25) that

p = 0.In these cases the vectors n and p are perpendicular to the vector 1, as implied by
equations (7.25) and (7.29). Therefore, the vectors n and p belong to the plane IT, and they

also form an orthogonal basis of this plane. We note that the vectors of the TSV, which may

belong to the plane IT, are given as a linear combination of the vectors n and p. Therefore,

the condition for T = 0 is not sufficient, in order for the plane IT to acquire a physical
meaning. Also, we note that because of equation (7.13), the plane IT, when it is defined, is

not a vector subspace of R®.
We now prove theorem 7.4:

Theorem 7.4. ""In the case of the T matrices with t0 and n=0 and T#+tn#0, the

vectors

J,P,C,j,V¥ belong to the same plane IT."”
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Proof. From equations (4.6), for (i,v,k)=(13,2), we obtain

C 0y, +Cylyy +Ca0y =0
Jiay, + 3,005+ 305, =0

Pag, + P + Pay, =0

and from equations (5.8),(5.9) and (7.23) we get

T-C=0

7-J=0 (7.33)
- P=0

where

C=J+P (7.34)

as implied by equation (3.5). From equation (7.33) we conclude that the vectors C,J,P,

being perpendicular to vector T, belong to the plane IT. From equation (5.3) and equations
(5.8) and (5.9) we obtain

vy :%‘P(/IJ +uP).

Therefore, the vector VW, as a linear combination of the vectors J,P, belongs to the plane
I'1. By developing the terms of equation (7.17), the first obtained equation is

Qg )y + 3], + 0y J3 =0

and using equation (7.23) we have

1-j=0. (7.35)

Therefore, the vector j, being perpendicular to the vector T, belongs to the plane IT. The
vectors J,P,C,j,VW¥ vary according to the equations of the TSV, while staying on the plane
I1.o

From this study we can obtain a method about the determination of the four-vectors

E . . L
J,P,C, as well as for the rest masses m,,—, M, . This method is applied in the case the
c

matrix M does not vanish, that is M = 0. We shall refer to this method as the SV — M

method.
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The steps of the SV-M method:

Step 1. We choose external symmetry matrix T we want to study.
Step 2. We apply Theorem 7.3.

Step 3. We use equation (7.13).

Step 4. We use equation (2.13), or the equivalent equations (7.2).

Step 5. We use the second of the set of equations (4.6).

Step 6. We use the first of the set of equations (7.14), when «’ # a2,k #i,K,i e {0,1, 2,3}.

Step 7. We use the first of the set of equations (4.6).
Step 8. We use equation (3.5).

Step 9. We use equation (3.4).

Step 10. We use equation (2.10) for k =i,k,i=0,1,2,3.

Step 6 simplifies the execution of operations in some matrices. It is not necessary though

since it’s overlapped by step 7.

As an example, we apply this method on the matrix T :

T, o, 0 O
Tog % & Tu O (7.36)
0O a, T, O

where, a0, #0.

From equations (7.20), and sincea,, # 0 and a,, #0, we have T, =T, =T, =0, and

the matrix (7.36) becomes

62



0 a 0 O
T 0
TogQ| %@ 1 "% 7| (7.37)
0O a, 0 O
0O 0 0 0

For T, # 0, according to corollary 6.2 the portion of spacetime occupied by the

generalized particle is curved. Furthermore, the second term of the second part of the second

equation in the set of equations (4.21) is nonzero.

In the case the portion of spactime occupied by the generalized particle is flat, we

obtain from corollary 6.1 that T, =0. Therefore, T, =T, =T, =T, =0. In this case, and from

equation (4.11), we obtain A =0, and the second term of the second part of equation (4.19)

vanishes.

From equation (7.13) we take
o’ =al+al =0
o, =Tiay, . (7.38)
From equations (7.2) we obtain

Jap, =0
—Joap + 9T, - J,a, =0

Jiay =0
and since aa,, # 0, we have that

J,=0
(7.39)

(04 .
_ 01
J,=-Zog,
sy

From the second of equations (4.6), for (i,v,k)=(3,0,1)we have
I3ty +di0g + g0, =0
and since

y 20,050 == =0,00, =0
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we obtain
J,;=0. (7.40)

From equations (7.39) and (7.40), and from equation (2.4), we get the four-vector J

S
0 1 I
0| w|O
I=3 ey |= 0| =0 |- (7.41)
Oy 0 0
(- 0 -

For the second equality in equation (7.41) we applied the second equation of equations
(7.38).

From equations (4.29) and (7.37) we have

0 o, O
—ay 0 —ay
0 a, O
0 0 0

M = (7.42)

o O o o

(7.43)

o O O O
N
o O O o

From the first of equations (7.14) we see that
M?C =0
and with equations (3.5) and (7.43) we obtain

2

—85,Cy —8p18,,C, = 0
2

—85;8,1Cp —3,,C, = 0

and taking into account that a,a,, # 0, we obtain

¢, =g, (7.44)
U

From the first of the equations (4.6), for (i,v,k)=(0,1,2),(0,1,3),(0,2,3),(12,3) we have
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Coyy +Coy + €y, =0
Co@y3 +Ca0yy +Ca3, =0
Co@ys +Calgy + €03 =0

C Q3 +Cyly, +Cyy =0
and taking into account the zero elements of the matrix T we have

—CyQly + €,y =0
C,0, =0
4y, =0

and since g a,, =0 we obtain

c, =2
2 0
ay . (7.45)

c,=0

The first of equations (7.45) is equation (7.44), because of equation (7.38). From equations
(3.5) and (7.38), (7.45) we obtain the four-vector C

e T
0 Co
(o c
C= = 7.46
ECO +iCO ( )
Oy, 0
- 0 -
Combining equation (3.5)
P=C-J
with equations (7.41) and (7.46) we obtain the four-vector P
Co— ‘]o
C
p-| & (7.47)
Fi(c,—J,)
0

After having determined the four-vectors J, P,C, we can calculate the rest masses

m E M, . From equations (2.7) and (7.41) we get

()’Czi
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m, =0. (7.48)
From equations (2.8) and (7.47) we have

E, = icc, . (7.49)
From equations (3.6) and (7.46) we also have

c, =tiMyC. (7.50)

The calculation of the four-vector j of the current density of the conserved physical
quantities g is done from corollary 7.2. This method is applied for M =0, and is performed

in two steps. We shall refer to this method as the SV, -method.

The steps of the SV, - method:

Step 1. We use equation (7.17), or the equivalent equation:

-jiavk + jea;, + j_vo_‘ki =0 . (7.51)
izv,v=k,k=i,i,v,k=0,12,3
Step 2. We use equation (5.7).

We apply the SV, -method on the matrix T given by equation (7.37). From equation

(7.51), for (i,v,k)=(0,1,2),(0,1,3),(0,2,3),(1,2,3) we have

Jo@y + 1,0y + Ji0t, =0
Jo%s + JoQy + Ly, =0
Jo@s + 130, + J,0zp =0

by + Jo0n, + ot =0
and taking into account the elements of the matrix T we have

Jo0, + Jo0g =0
Js0, =0

Jsoy, =0

and since ¢, #0,,, =—a,, #0, we get
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jp =22 |
2oy, . (7.52)
j3:0

The matrix M is given by equation (7.42). Thus, from equations (4.27) and (7.16) we have

oo =0
—Jo@01 = J01 =0

hay =0
and since «,, #0anda,, # 0, we have

jl =0

o (753)
="

2 a, 0

The first of the equations (7.52) and the second of the equations (7.53) are identical due to
equations (7.38). From equations (7.52) and (7.53) we obtain the four-vector |

o
1 I
0 0 0
- = = oC . 7.54
J=Jo| 0 | ho| . |=P - (7.54)
Qy 0 0
. O -

We now summarize the obtained information for the generalized particle of the matrix T of
equation (7.36):

1 C,—J, Co 1
0 c 0

J=J,] = ' C= (_:1 i=1d . (7.55)
+i Fi(c,—Jy) +ic, Fi

o
o
o
o

m, =0, ¢ =+iM,c, E, =icc, =+M c*.
T, #0 = curved spacetime (7.56)

flat spacetime = T, =0.
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From equations (5.7) and (7.41), (7.47), (7.54) we have

2 H 2
. och iocb
Jh=— 7 Yucoy, ==+

Yucay

and with equation (7.54) we obtain

Ay
2 0
j=- ac e, 7 d (7.57)
/] oy
0

for the matrix T of our study. Also, from equations (5.17) and (7.54) we obtain

%o =-0C’Fay, = ticC’Fa,,
0%,
io = iiio
oX, 0X, (7.58)
g
OXy
2
Fovew 2 \f
OXg

Equations (7.57) and (7.58) correlate the function ¥ with the four-vector j of the
current density of the conserved physical quantities q. These equations hold for the matrix T

of equation (7.37).

The presented method about the study of the generalized particle is possibly the
simplest, but surely not the only one. The TSV stems from one equation which nonetheless
generates an extremely complex network of equations. We present one method, which serves
as a test for the self-consistency of the TSV. With the same method we can check for
calculational errors of the obtained equations, as we proceed from one set of equations of the
TSV into another set. We shall refer to this method as the SV —T -method (Selfvariations

Test).

The internal structure of every generalized particle depends on the corresponding

matrix T . The SV —T method consists of the following steps:
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The SV —T - Method:

We choose an equation (E, ), which holds for the matrix T , and for which there exist
at least two different components of the four-vector J , or one component and the rest mass

m, . By differentiating equation(El)With respect to X,k =0,1,2,3 we obtain a second

equation (E,).

With the help of equation (2.10)

a. b b
—=—BRJ +4A. =—PJ. +2Qa,
ka h ki ﬂ"kl h ki Qakl
k,i=0,1,2,3

the constants «,;,k,i=0,1,2,3 are introduced into equation (E, ). Equation (E, )has to be
compatible with the elements of the matrix T . In the case equation (El)contains the rest

mass m, we apply equation (2.6)

My _Dpym k=0123.
oX, h

We apply the method for the matrix T of equation (7.37). From equation (7.41) we obtain
J, ==iJ,. (7.59)

This equation contains the components J,, J, of the four-vector J . We differentiate equation

(7.59) with respect to x,,k =0,1,2,3, to obtain

%PKJ2 +12Qq,, = ii(% P.J, + zQakoJ

and using equation (7.59) we have

2Qq,, = 1izQq,,

and since zQ = 0 we get

o, =tie,,,k=0,123. (7.60)
In equation (7.60) we insert successively k =0,1,2,3
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For k =0we obtain

Ay, =Ty, =£iT,

which holds, since ¢, =0,T, =0.
For k =1we get

a,, =*tia,

and since oy, =—a,,, we get

oy, = Elay,

agl + 0‘221 =0
which are equations (7.38).

For k =2 we obtain

which holds for the matrix T , since a, =0,T,=0.

For k =3we have

a,, = tlay,

A, = Flag
which holds for the matrix T , since a,, =0,¢, =0.

For the matrix we study it holds that T=0 and n=0 and T # +n = 0,and therefore

plane IT is defined. From equations (7.32) we have
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i
g, =|0]. (7.61)
0
0
ge,=0
i
From equations (7.46) and (7.61) we have
Cl
C =| tic, |==ic,g, +Cg, . (7.62)
0

Equations (7.62) contains the components (iico,q) of the vector C with respect to the vector

basis (sl,sz)of the IT-plane. Considering that the vectors ¢,,&, are perpendicular to each

other, we obtain from equation (7.62)

g, -C =ic,
g, - C=ic
and from equations (7.49) and (7.50) we have
g, -C==ic,
E | ic, (7.63)

g, C=tM =+ =+—1
? © T T

The material particle exists for J =0, hence from equation (7.41) we have

J,#0. (7.64)

From the equations (7.41) and (7.46) it follows that for ¢, =0 the 4-vectors J and C are

parallel, which is impossible in symmetry for the matrix T of our study. Therefore it is
c,#0 (7.65)

for the symmetry of equation (7.37).
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From equation (3.4) we have

b .
A =§(Ci3k -¢J;).k,i=0123

and with equation (4.4) we have
b :
2Qa, :E(ci\]k—ck\]i),k,l:0,1,2,3 (7.66)
For k=0,i =1 in equation (7.66) we have
z2Qay, = £(Cl‘]o _CO‘]l)
2h
and because of J, =0 according to equation (7.41) we have

J, = = 2Qat, . (7.67)

Similarly for k = 2,i =1 in equation (7.66) we have

‘JZ :b—ClZQCZZl. (768)

Considering that J, = J, =0 according to equation (7.41), from equations (7.67) and (7.68)
we have

Aoy
0
1220 P (7.69)
bc, oy
0

Eq. (7.69) expresses the contribution of the charge Q to the 4-vector of momentum of the
material particle.

From equation (2.10) for k =0 and taking into account equation
Agp =2QT; =0
we obtain

W _bpy
0X, h

and with equation (7.69) we obtain

6(2Q)_9
e
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oQ oz b
1—+Q—=—-Rz
%, ano p R

and with equation (2.6) we obtain

b 0z b
z—PQ+Q—=—=-P;z
7 Q Qéx0 oo Q

01

—=0
X,

and with equation (4.9) we obtain
c, =0

and the equations (7.55) and (7.62), (7.63) written in the form

(7.70)

2

Cl
C=| 0 |=cg,
0
g-C=0
E [o
g, CziMozic—gzicl

for the symmetry of equation (7.37).



We note again that we formulated the TSV for J =0 in order for the material particle
to exist. If we formulate the TSV for P =0, then material particle and the STEM trade places

in the equations and the conclusions of the TSV.

From equations (2.12) and (4.4), (4.10) we have

T Ay CQp Oy

—ay T o—a, o

T =2Q (7.71)

Q. Oy T, -—ay .
Oy O3 Oy T
Eq. (7.71) gives the external symmetry matrices as a function of the constants

o, k#1,k,1=0,12,3 and the physical quantities zQ and T, =¢,,,k=0,1,2,3.

The physical quantities qappear in the part of spacetime where the USVI1 prevails, and

as they are conserved they have the characteristics of a material particle. The mathematical

expression of the 4-vector of the current density of the conserved physical quantities g is an

important issue for the TSV.

The SV, method gives a mathematical expression of the 4-vector j, correlating the
components of the 4-vector. The expression for the matrix T of equation (7.37) we have
studied is given by equation (7.54). Equation (5.17) correlates the 4-vector j with the wave

function ¥ . The correlation for the matrix T of equation (7.37) we have studied is given by
equation (7.57). We observe that equation (7.57) does not contain the degree of freedom A of
equation (5.17), but only the degree of freedom 4 . This is not a random fact valid for the

matrix we have studied, but is predicted by the next theorem:
Theorem 7.5

1. "'The 4-vector j of the current density of the conserved physical quantities q of the
generalized particle is given by the equation
B obc?

j= p ¥ ((#-2)AJ +uMC) (7.72)

where A and u the two degrees of freedom of the TSV and

o o o
o o 1 o
oyl o o
Jd o o o
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- 0 -« a
01 27 13
M =
Qg Ay 0 —Usy
Oy O3 Qg 0

the fundamental matrices A and M of the TSV.

obc?

2.AJ=0= j=—2"_¥MC ." (7.73)

Proof. From equation (3.5) we have

P=C-J
and replacing the momentum P in equation (5.7) we have

oc’b

j=———¥M(AJ+p(C-J))

2
j=—0;b‘I’M (A= )3 +uC)

2
j:—o-;b‘l’((/l—,u)MJ +uMC). (7.74)

From equations (7.71) and (4.11), (4.28) we have
T=2Q(M +A)

and from equation (2.13) we have
Z2Q(M+A)J =0

and since zQ = 0 we have
(M+A)J=0

MJ+AJ =0
and finally we get
MJ =-AJ (7.75)

From equations (7.74) and (7.75) we get equation (7.72). The equation (7.73) follows from
the equation (7.72) for AJ =0.o



As we shall see next the relation AJ =0is valid for a large number of external

symmetry matrices. For these matrices Nr. 2.of theorem 7.5 is valid.

From equation (7.37) we have

o o o o
o o o
o o o o
o o o o

and with equation (7.41) we have AJ =0 for the symmetry we have studied. Next from
equations (7.42) and (7.46), equation (7.57) follows from the relation (7.73).

We now prove the following corollary of theorem 7.5:

Corollary 7.4. "'In flat spacetime the 4-vector j of the current density of the conserved
physical quantities q of the generalized particle is given by equation

obc?

j=- HPMC .’

Proof. From corollary 6.1 and equation (4.11) it follows that in flat spacetime we have A =0
and therefore Nr. 2.0f theorem 7.5 is true.O

The next theorem 7.6 relates the four-vector J with the elements of the main

diagonal of the external symmetry matrix T .

Theorem 7.6. ""For every external symmetry matrix T it holds that
TJZ+TJ2+T,2+TJ2=0." (7.76)

Proof. Since the material particle exists, at least one component of the four-vector J is

nonzero. We prove the theorem for J, # 0. The proof for J, #0,i=1,2,3 follows similar

lines. For J, # 0, we obtain from equations (7.2)

J Ty +dog + 0, + 330, =0
1

Qg = J_(‘]lTl —J,0, + ‘]30‘13)
0

1 (7.77)
Qo = J_(‘]la21 +J,T, - ‘]30‘32)

0

1
gy = —(—dyo5 + 3,0, + 3,T)
0
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and replacing the terms «,,,a,,,a,, in the first of equations (7.77) we obtain

(&

J
J.T, +J—1(\]1T1 3,0, + J3a13)+J—2(Jla21 +3,T, - J,5,)
0 0
J3

+—
‘]O

(=it + 3,05 + 3,T,) =0
IET, + 37T, - 3,000, + 3,3, + 3, 0,0, + 32T,
~J,d505 — 33,00, + 33,0, + I2T, =0
T,JZ+TJ2+T,2+TJ?=0. 0
An immediate consequence of theorem 7.6 is corollary 7.5.
Corollary 7.5. ""For every matrix T of the external symmetry the following holds

T,=T,=T,=T,

M %0 }:>TO=T1=T2=T3=O.” (7.78)
0

Proof. For T, =T, =T, =T, we obtain from equation (7.76)

0

Ty (36 + 37 +35 +33)
and with equation (2.7) we have

T,méc? =0. (7.79)
Since m, # 0, from equation (7.79) we have T, =0. Since T, =T, =T, =T,, we obtain
T,=T,=T,=T,=0.0

We calculate the number of the external symmetry matrices. This number is

determined by theorem 7.3 and corollaries 7.1 and 7.4. Also notice that the external

symmetry matrices are non-zero. Applying simple combinatorial rules, we see that altogether

there exist

N, =14
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external symmetry matrices with ¢, =0 for every k #i,k,i =0,1,2,3. These matrices

contain non-zero elements only on the main diagonal. The number N, of matrices with one

element o, %0,k =i,k,i€{0,1,2,3} is
N, =6.

The number of matrices with two elements, ¢, =0,k #1i,K,i e {0,1, 2,3} is
N, =27

with three elements it is

N, =20

with four elements it is

N, =15

with five elements it is

N, =6

with six elements it is

N, =1.

From equation (2.13) and the second of the equations (4.6) we can prove that some of these

matrices give the four-vector J =0, thus are rejected. Therefore, we obtain

N, =14
N, =6
N,=N,—4=24
N,=N,-8=12 .
N,=N,-12=3
N, =6
N, =1

Thus the total number N, of external symmetry matrices is

N; =Ng+N;+N,+N;+N, +N,+N,=66. (7.80)
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The matrix T =0 is unique
Ny, =1

and according to theorem 3.3 this matrix expresses the internal symmetry. Therefore, the total
number of the matrices of the internal and external symmetry predicted by the Law of

Selfvariations is

Nor =Ng +N; =67. (7.81)
There exist
N, =N; -16=50 (7.82)

external symmetry matrices with different four-vectors J,P,C, j.
We now prove for example that the following matrix

Ty Ay 0 Q3
—ay T, —ay oy
0 a, T, 0

Oy~ 0 T

T=2Q

is not an external symmetry matrix. Applying theorem 7.3 for the above matrix we have
T,=T,=T,=T,=0
and therefore it takes the form

0 oy, 0 ag

T-12Q i 0 QO
0 oy, 0 0
(o7 ;s 0 0

and with equation (2.13) we obtain

g + 5005 =0
—Jotg; = J,0 + 3504, =0
Jia, =0

—Jo @ — 1043, =0

and since
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Ol UlggOly30ty, # 0

we have

Jy=9,=3,=3,=0

which is impossible since there is no material particle in this case.

We present now a notation for the matrices of the external symmetry. In every matrix

T we use an upper and a lower index. As lower indices we use the pairs
(k,i),k =i,k,i=0,1,2,3 of the constants ¢, =0, which are nonzero. These indices, which

appear always in pairs, are placed in the order of the following constants:

Oy, Qg gy sy, s, Oy, WhiCh are nonzero. As upper indices we use the indices of the
nonzero elements of the main diagonal, in the following order: T,,T,, T,, T,. For example, the
matrix T given in equation (7.37) is denoted as T, .

With this notation, the external symmetry matrices are given from the following seven
sets Q:

Q _{TO Tl TZ T3 TOl T02 T03 T12 T13 T23 TOlZ T013 T023 T123}
0 - H H l ) ) H 1 H 1 Hl H ) 1
Q= {Tooll!-rogz’Tog3 ’T3223’T1133’T2112}

0

_ 0 0 3 2 1
Q, = {T 0102 + To102 To103» Tot0a+ To203s Tooo3» V2137 Taoass Vaoons Tazors Taons Thaons

1
T0113 !

T

1 2 2 3 3
0113? T0121 ! TOlZl ' T0232 ’T0232 ’T0221 ! T0221 ! T0332 ’T0332 'T0313 ! TOSIS}

_f(To0 1 2 3
Q= {T010203  To102037 To113217 Torazo1+ Tozzoons Tozazons Tozaznss Tosaoias

T010221 ' T010313 ! T020332 ! T321321}
Q4 = {T01023213’T01033221’T02031321}

QS = {T0102033221 ! T0102033213 ' T0102031321 ' T0102321321 ' T0103321321 ' T0203321321}

(7.83)

Qe = {T010203321321}
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We note that in the 4-dimensional spacetime the matrix T,,,,,, Of the set Q, is discarded by
the SV —T method. The application of the SV —T method to set €, is of particular interest,
as we will see in paragraph 14.

The internal symmetry expresses the spontaneous isotropic STEM emission from a
material particle because of the selfvariations. The external symmetry emerges when the
material particle interacts via the USVI with other material particles and this is equivalent
with the destruction of the spacetime isotropy. The rest mass of the material particle and of
the STEM in the first case, as well as the rest mass which stems from the USVI in the second
case, is given by the equations (2.7) and (2.8). The equations (7.69) and (7.70)

Ao
2h 0
J :J(Q):b_chQ o,
0
0 o (7.84)
P=P(Q)= a —ﬁzQ 0
0| bc oy
0 0

give the 4-vectors J and P of USVI, and via equations (2.7) and (2.8) we get equations
(7.48), (7.49) and (7.50). The rest mass of the material particle which emerges as a

consequence of the USVI is m, =0, while we have E, = +M c? = +icc, = 0 for the symmetry

T..,, we have studied.

In equations (7.84) we see the term

Oy
2h 0

J <t
(Q) bc, Q oy
0

which is responsible for the external symmetry. That is the momentum of the USVI that is
added to the momentum of the internal symmetry destroying the parallel property of the 4-
vectors J, P and C. This term is zero if and only if, itis Q =0, i.e. in the case where the
material particle does not curry some charge Q of the interaction. For Q =0 and from

equation (7.84) it follows that J =0 and P =C, i.e. internal symmetry arises according to

theorem 3.3.

81



With the knowledge of the external symmetry term we can express the 4-vectors J
and P of the particle-STEM system when the material particle is involved in an interaction .
From equations (3.12), (3.13) and (7.46), (7.69) we get the 4-vectors J and P as given by
the equations

0 ]
C 0
-1 |G +ﬁzQ
1+®|{ 0| bc Qy
0 0
-z - (7.85)
0 ay,
c 0
P:i 1 _ﬁzQ
1+®| 0| bc oy,
_O_ L O -

for the symmetry Ty, .

It is easy to find out via equation (3.4) that the equations (7.85), as well as the egs.
(7.84), correctly give the physical quantities A,k #1i,k,i =0,1,2,3. This is expected since
internal symmetry cannot affect the physical quantities A,k =i,k,i=0,1,2,3. Thus we can
calculate the constants «,;,k #1,k,i =0,1,2,3 and the physical quantities T, ,k =0,1,2,3
either through equations (7.84) or through equations (7.85). The TSV equations are valid for
equations (7.84) as well as for equations (7.85).

For Q =0 from equations (7.85) we have

I
o o, o o o N o
L

that is we get equations (3.12) and (3.13) with ¢, =c, =c, =0,c, # 0. Therefore when the
material particle does not interact with other material particles, internal symmetry arises in
both cases. Also the equations (7.85) give the rest mass

MO
1+ ®

m, =+
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of the material particle, as follows from equation (2.7). The interaction (USVI) in which the
material particle is involved does not affect its rest mass, as given by equation (3.10).

Every external symmetry has its own 4-vector C and its own term J(Q). In every
external symmetry there exist equations corresponding to equations (7.84)

P(Q)=C-3(Q)

for the USVI particle and to equations (7.85)

1

J=7-5C+3(Q) S
@

TR

for the material particle.

From equations (2.7) and (2.8) another important conclusion follows. In internal
symmetry the material particle and STEM exchange roles if mutually exchanged

om, b E, 0, b
(JO,Jl,JZ,JS,mO,aTO=%Pkm0j<—>(l30,Pl,Pz,I%,,C—g,a—xozg\]kon,kzO,l,Z,S. (7.87)

k k
According to theorem 3.3 in internal symmetry the 4-vectors J and P are parallel which
implies that they have the same form. Hence the mutual exchange (7.87) has no consequences
in internal symmetry. If we assume that one of the 4-vectors J and P corresponds to the
material particle, then the other corresponds to STEM. This fact can also be seen from
equations (3.9)-(3.13) of the theorem 3.3, which can be written in an equivalent form.

D = 1 iexp(g(cox0 +C,X, +C,X, + c3x3)j =K exp(g(cox0 +C,X, +CyX, +CyX, )j
d K h h
DM,
my=+—02
1+
M
E, =+—2 .(7.88
0 1+ ( )
3 =25 i_0123
1+d
c .
P=—1_i=0123
1+ D
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. E, .
The different appearance of the 4-vectors J and P , and the rest masses m, and — in
c

theorem 3.3 is superficial. Their form depends on whether we use equation @ or eq. ®" to

write them.

In external symmetry the mutual exchange (7.87) is not enough for the role exchange
of the material particle and STEM. From equations (7.85) it follows that the role exchange of

the material particle and STEM via equations (7.88) can only be realized with the

simultaneous change of sign of the charge Q (Q - —Q).

Combining equations (2.10), (3.5) and (4.4), and with equation (2.13) we have

%:EPkJi +2Qq;,k,i=0,1,2,3
ox, h

J+P=C . (7.89)
TI=0

It is easy to find out that the TSV can be formulated starting from egs. (7.89). The equations
(7.89) give the Selfvariations of the 4-vectors J and P . They are more general than equation

(2.6) since they give the TSV equations independent of whether the rest mass m, of the

material particle is zero or not. We have chosen to start the formulation of the TSV from

equation (2.6), which gives the equations of the TSV for m, = 0, for the reason that there is

no other way to approach equations (7.89). Moreover their physical content would not be

clear.

Based on the theorems of the TSV we can study all external symmetry matrices. The
combination of methods SV —M and SV, with which we studied the symmetry Tg;,, can be
applied to any external symmetry of the set Q, L Q, UQ, L, UQ, UQ,. We will also
apply this method in paragraph 9 in our study of the symmetries of the set Q,. Equally well
we can study any external symmetry with a second method based on equations (7.2), (4.6), on
the SV —T method, on theorem (5.2) and on corollary (5.3). This second method we present
in the paragraphs 12, 13, 14 and 15 where we study the symmetries of the sets Q,, Q,, Q,
and Q, . Generally we can say that the 1 method deepens the understanding of the relations

between the physical quantities which emerge from the TSV. With the 2"Y method the study

of the external symmetry is completed faster and more elegant.
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8. THE SET Q,

8.1. Introduction

In this paragraph we study the T matrices, which have all their elements equal to

zero, except the elements on the main diagonal. Thus we study matrices of the form

T, 0 0 0
r_aoa_z00 T 00
0 0T, 0
00 0 T,

i.e. the elements of the set Q.

In the symmetries of the set Q, the rest mass of the particle which accompanies the
USVI may be non-zero. In all external symmetries this property can be found only in the sets

Q,and Q, .

8.2. The Symmetries T=zQA

From equations (4.11) we obtain

T, 0 0 O
T=2QA=12Q 0L 00 (8.1)
ST "lo oT, 0 '
0 0 0 T,
From equations (4.28) ,(7.3) and (8.1) we have
M=0 (8.2)

N=0

The matrices M and N are zero; as a consequence the matrices of the symmetries T =zQA

share common properties, which we shall study in the following.

According to corollary 7.4 , at least one of the diagonal elements of the matrices of
equation (8.1) is zero. Also they cannot be all zero, since in the case of the external symmetry

it holds that T = 0. Therefore, there is a number of
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G

different matrices for which the relation T =zQA holds.

A common characteristic for the 14 kinds of symmetries T = zQA is that =0, and
therefore the plane IT is not defined. Similarly, the vectors ¢,,¢,,¢€; of equations (7.32) are

not defined.

A fundamental characteristic of the symmetries T = zQA is that the four-vector | of
the conserved physical quantites g vanishes. Combining the first of equations (8.2) with

equation (5.7) we obtain
j=0. (8.3)

Therefore, in the part of spacetime occupied by the generalized particle, there is no flow of

conserved physical quantities ¢ .

Another common characteristic is that the rest mass m, of the material particle can

be diferent from zero
m,=0vm, #0 (8.4)

for all 14 matrices of the symmetry. The form of the four-vector J is different for each matrix

of the symmetry.

We calculate now the four-vector of momentum J of the matrix T**. According to

our notation we have

(8.5)

o o . o
ol o o
O o o o

TT,#0

From equation (2.13), and since T,T, #0, T, =T, =0 , we obtain for the four-vector

J, in the form
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J

o

0
1= |- (8.6)

J

w

Combining equations (2.7) and (8.6), we obtain for the rest mass m, the equation
—mic® =32 +J;. (8.7)
We apply now the SV —T method :

We differentiate equation (8.7) with respect to x,,k =0,1,2,3 and taking into account

equations (2.6), (2.10) and (4.4) we obtain

—% Pmic? =J, (% PJ,+ ZQO[koj-i- %(% PJ,+ zQake,)

and from equation (8.7) we have

2QJ o +2QJ 0, =0

and since zQ =0, we have

Joo + 30, =0k=0,12,3. (8.8)
We insert successively k =0,1,2,3 into equation (8.8), hence:
For k =0we have

JoTo + 50, =0

which holds since for the matrix T itis T, =, =0.

For k =1we have

Joty + 505, =0

which holds since for the matrix T* itis ¢, = a,; =0.

For k =2we have

Jottyy + 350, =0
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which holds since for the matrix T itis o, =a;, =0.
Fork =3 we have

Joatyy +3,T,=0

which holds since for the matrix T itis o, =T, =0.

According to the proof of equation (8.7) it is possible thatJ, =0 or J, =0, but it is

not possible that J, = J, =0, since in this case the material particle does not exist. Therefore

from equation (8.7) we conclude that
my #0v{my=0AJ,=%iJ,}. (8.9)

Simirarly we can prove that relations analogous to relation (8.10), hold for all matrices of the

symmetry T =zQA..

For the matrix T**itis T, = 0. Therefore the part of spacetime occupied by the

generalized particle in the symmetry T**is curved, according to corollary 6.2.

Because of equation (8.3) the wave equation (5.17) holds identically (0 = 0) . Therefore for

the symmetries T =zQA the study of the wave behavior of matter is done via equation (5.3).

Starting from equation (8.7) and applying the same method of proof as for equations
(4.19) and (4.20) we obtain

4 _ 49 (8.10)
dx, Qdx,

P __9Q (8.11)
dx, Qdx,

for the symmetry T**. From equations (8.6) and (8.10) we obtain

dJ, dQ
dx,  Qax, °
dJ,  dQ
dx,  Qax,

and finally we obtain
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Jo=0,Q

J =

s =00 . (8.12)
(04,045)#(0,0)
0,, 0, = constants

Thus the four-vector J is given by equation

o, (8.13)
(00,03) #* (0,0)
0,,0, = constants

as implied by equation (8.6). Therefore, for the symmetry T2 the momentum of the material

particle is proportional to the charge Q. This feature is a common characteristic for all

matrices of the symmetry T =zQA. .

Combining equations (3.5) and (8.13) we have

Co —0,Q

c,—0,Q . (8.14)

((70,0'3) # (0,0)
0,,0, = constants

Now from equations (4.2) and (8.14) we have

@zg(co _UoQ)Q

X, h

R_b

ox, “Q

%0 (8.15)
o,

RQ_b.

ox, h(C3 7Q)Q
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From the identity

ORI_O[ R\ iki=0123
ox \ 0% ) OX | OX,

and equations (8.15) we have after the calculations

0,c, =0
o,C, =0
0,¢, =0
0., =0

C,053 =Cy0,

and because of
(0%,05)%(0,0)

we finally get

c,=¢,=0

C,0; =C30,

From equations (8.15) and (8.16) we have

Q ZQ(Xovxs)

0 b

a—)((izg(co _GOQ)Q .
0 b

6_)(Q3:£(C3 _O'sQ)Q

From equation (8.17) we have

C, 1

Q -2
%01-K, exp(—:(coxo + chs))

Cy03 =C30,

o, %0

(8.16)

(8.17)

(8.18)
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C, 1

Q=—
T31-K, exp(—z(coxo + c3x3))

C,0; = C,0, (8.19)

o, #0
where K,, € C,K, # 0constant. For o,0, = 0the equations (8.18) and (8.19) are equivalent,
because of the second equation of (8.16).
From equation (8.14) and the first equation of (8.16) we have
C, —o,Q
P=P(Q)= . (8.20)
C; —0,Q

From equation (3.5) and the first equation of (8.16) we have

CO
0
C= 8.21
. (8.21)
C3
From equations (8.18), (8.19) and (8.13) we have
C0
1 0
J=3(Q)=J(Xy %3:Cy,C5) = b 0 (8.22)
1-K,, exp(—(cox0 + csxs)j
h C,
and from equations (8.21), (8.13) and (8.18), (8.19) we have
CO
1 0
P=P(Q)=P(X)%,C,,C;)=|1— » ol (8.23)
1-K, exp(—h(coxO + 03x3)j
c

3

From equations (8.21), (8.22) and (8.23) it follows that the 4-vectors J,P,C are
parallel. According to the equivalence (3.4) and equation (4.4) this parallelism is expected for

the symmetries T =zQA, sinceitis ¢, =0,Vk #1,k,i=0,1,2,3. However the parallelism of
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the 4-vectors J,P,C we have met in the theorem 3.3 as a characteristic of internal symmetry.
Hence we will finish the paragraph for the symmetries T =zQA with the refutation of this

apparent inconsistency.

From equation (8.13) we get J, = J, =0 for the symmetry T*, hence the initial eq.

(2.7) is written
JZ+J32+mic? =0, (8.24)

Subsequently we perform the same procedure as for the proof of equation (2.10), from
equation (2.7). After the calculations and because in symmetry T* it holds that

o, =0,Vk#1,k,1=0,1,2,3 equation (8.5) follows from equation (8.24). During the
procedure of proof, the physical quantities T,and T, do not follow from equation (8.24). In
contrast from equation (2.7) for J, #0,J, #0and ¢, =0,Vk #i,k,i=0,1,2,3 we get

T, =T, =0, as is predicted from the internal symmetry theorem 3.3. Exactly at this point we
find the differences of the symmetries T =zQA with internal symmetry. In internal
symmetry itis T,=T, =T, =T, =0, and according to corollary 6.1 the part of spacetime

occupied by the generalized particle may be a plane. Moreover space is isotropic, in the part
of spacetime occupied by the generalized particle. The momentum vectors J,P and Care 3-

dimensional, and it is not possible to let vanish some component J,,J,, J, of the momentum

from equation (2.7), with an appropriate rotation of the reference system we use. There is a
very specific inertial reference frame in which J, =J, = J, =0([5], paragraph 5.3). In
contrast with the symmetries T =zQA spacetime is curved as implied by the corollary 6.2.
Moreover in symmetries T = zQA space is intensely anisotropic, in the part of spacetime
which is occupied by the generalized particle. According to equations (8.21), (8.22) and
(8.23) the momentums C, J and P in symmetry T*are 1-dimensional, towards the direction

of the axis x, = z. The intense anisotropy of space, in the part of spacetime which is
occupied by the generalized particle, is a basic characteristic of the symmetry T =zQA . This
anisotropy varies for the symmetries of the set €, in equation (7.83). One symmetry

T =zQA is characterized by the symmetries of the 4-vector J which are absend in the

equation (2.7). For symmetry T**the components are J, and J,.
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From equations (8.13) and (8.24) we have

(0'5 +O'§)Q2 +mc® =0

(0'0,0'3) # (0,0)

(8.25)

Equation (8.25) gives the contribution of charge Q to the rest mass m, of the material particle.

We now calculate the distribution of the total rest mass M of the generalized particle

between the material particle and STEM. From equations (8.22) and (8.24) we have

¢ +ck

b
(1— K., exp(—h(cox0 +CX, )D

and from equations (8.21) and (3.5) we have

2.2
>+myc” =0

M 2c?
_ 0 ~+myc? =0

b
(1— Ky, exp(—h(cox0 + Csxs)jj

and finally we get

- M, (8.26)

m
1-K, exp(—g(coxO +C,X, )j

0

Analogous from equations (8.23), (2.8), and (3.5) we have

(8.27)

Equations (8.26) and (8.27) give the distribution of rest mass M, between the material
particle and STEM. The study of the remaining 13 symmetries T =zQA is done in the same

way as the one we demonstrated for symmetry T*.

We now set K., =—K in equations (8.22) and (8.23), where K the constant of

equation (3.9). Comparing equations (8.22), (8.23) and (3.9), (3.12), (3.13) we come to the

conclusion that the external symmetry T* can emerge from the internal symmetry for
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J, =J, =0. This can occur when an external cause blocks the emmision of STEM along the
axes x, and X, . In this way the isotropic emmision of the internal symmetry is converted into
the anisotropic external symmetry T*. In general the following corollary of theorem 3.3

holds:

Corollary 8.1 : ""The external symmetry T =zQA can emerge from the internal symmetry
when the components of the momentum J of the material particle are in less than four axes

X 1€ {0,1, 2,3} . These axes define the kind of external symmetry T =zQA that results.”

We present the method which can produce the symmetry T from internal symmetry.
We consider a case where an external cause can block the STEM emission in external

symmetry, on the plane defined by the two axes x, and X, . In this case we have

P=P,=0. (8.28)

c,=¢,=0 (8.29)
J =1 ' '

From the combination of equations (8.28), (8.29) with equations (3.12), (3.13), (3.10), (3.11)
there arise the corresponding equations (8.22), (8.23), (8.26), (8.27) with K, =-K.

Using function @ of equation (3.9) for ¢, =c, =0, and K, =—K equations (8.22),
(8.23), (8.26) and (8.27) are written in the form

c .
J =——,1=0,12,3
"l+d (8.30)
c,=¢,=0
Oc,
P=—2"1,1=0,12,3
I ¢} (8.31)
c,=¢,=0
m, =4 M,
R ) (8.32)
C,=C, =
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R R (8.33)

Corollary 8.1 gives us a mechanism through which the symmetry T =zQA can

emerge. The external cause is necessary, since the internal symmetry expresses the

spontaneous isotropic emmision of STEM due to the selfvariations.

We note again that we formulated the TSV for J =0 in order for the material particle
to exist. If we formulate the TSV for P =0, then material particle and the STEM trade places

in the equations and the conclusions of the TSV.

From the combination of equations (3.5), (5.3) and (8.30), (8.31) we get

o _b(A+u)e,

ox, h 1+@ (8.34)
g D ATHD

hl+®

By setting
G:G(XO!Xj_!XZ!XS):ﬂ_i_IU(D (835)

1+

equation (8.34) is written in the form

o b

a— = %GCO\P
% . (8.36)
vwzgewc

From identity

VxV¥ =0

and with the second of equations (8.36), we get

VGxC=0

and consequently vector VG is written in the form

VG:%gC (8.37)

where g =g (X, X, Xy, X3).
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From equations (8.36) and (8.37) we get the wave equation of the TSV for the symmetry
T =QA, as given by equations

Qg:EG%T
oX, h
2 2
vop -2 llfC” (G*+g)¥. (8.38)
b
VG=-¢C
hg

The third of the equations (8.38) correlates the functions G and g . One of the pairs of

functions G and g is given by the equations
k
G :(br_cj
h
br-c\
= k _—
) ( Z j

where r = (xi, Xy, x3) and k € C constant. From equations (8.38) and (8.39) we have

(8.39)

k
G_T:bi(bl’-Cj N7
X, h h

2 2 2k k-1 '
vay D ||§3|| (br-Cj +k[br-Cj ¥
h h h

Equations (8.38) have general validity in the symmetry T =zQA . Every symmetry

(8.40)

T =zQA is defined by the constants c,,i =0,1,2,3, which go to zero. The same holds for

function ¥ =¥ (X5, X, X,, X; ). In the symmetry T* itis ¥ =W (X,, X; ). The symmetries of

the set Q, have j=0 and therefore the wave equation ¥ does not relate to any flow of

conserved physical quantities q.
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9. THE SYMMETRIES T 0,65 AND Tj;0005 -

9.1. Introduction.

In this chapter we study the generalized particle of the matrix

0 Oy Gy O3

T _1Q -a, O 0 0
= lo10003 = —a, O 0 0
-a, 0 0 0

Qg Ay Uy # 0

of the set Q,. The study of the remaining symmetries of the set

T T

3 .
0113217 7023221 T023221 ' T033213 ’ TO33213 ’ T010221 ! T010313 ! T020332 ' T321321} IS done

T T,

010203 * "011321!

Q, ={T;

010203’

in the same way with the study we present in this paragraph.

9.2. The Symmetries Ty, and Ty -
From equation (7.71) for a,, =, = a,, =0 we get

T ay ap ag
-, T, 0 O
-2, 0 T, 0] (9.1)
-a,;, 0 0 T,

Qg Uy Uy # 0

T=2Q

From theorem 7.3 we have that for this matrix it is
T,=T,=T,=0
and thus it is written in the form

To oy ap oy
-2, 0 0 O
-a, 0 0 0. (9.2)
-a,;, 0 0 0

97



From the matrix in equation (9.2) we obtain the symmetries

Ty ay ayp ay
-2, 0 0 O
o, 0 0 0 (9.3)
a5, 0 0 O

T :Toolozos =12Q

Oy AgpQgTy # 0

T=T =7
ooza = 2Q -a, O 0 0 |. (9.4)

Oy Ay Ay # 0

First we study the symmetry T, ., . For this symmetry itis M =0 , hence we apply

the SV —M -method. From equation (7.3) we have
al +al +al =0. (9.5)
From equations (7.2) we obtain

Jo T, +Jiay, + J,a, + J500, =0
Joy =0
Joag, =0

Jotez =0
and since a,,a,0, #0 and T, = 0we have

J,=0

) (9.6)
Jyag + 3,00, + 3305, =0

From the second of the equations (4.6), and for (i,v,x)=(0,1,2),(0,1,3),(0,2,3),(1,2,3) we
obtain

Jo@p + 3,00 + 106, =0

Jous + 50ty + a5, =0

Jops + 30y, + 3,005, =0

Jiays + 350, + 3,0, =0
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J, =i, =0
Joag —Jd100, =0

Ja0tg, = J,0055 =0

From equations (9.6), (9.7), and since it holds that a,a.,a, # 0, we have

J,=0

a
_ O
J, = J; -
Ay,

(04
_ 03
J=20y
Oy

From equations (9.8) we obtain the four-vector J = J(Q)

J,#0
From equations (4.28) and (9.3) we have

0 Gy Gy O

—a,, 0 0 O

M=
-, O 0 0
-y, O 0 0
—af, —al —al, 0 0 0
M2 = 0 _agl —On Oy  —Cy g3
0 0y Xy, _agz B AGEE)
0 0y Qog T3 —0!023

and with equation (9.5) we obtain

0 0 0 0
M2 = 0 0‘51 Uy Ay Qg1 Q3

0 —anay, agz O3

0 —anay —Qpdg 0553

9.7

(9.8)

(9.9)

(9.10)

(9.11)
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From the first of the equations (7.14) and the equation (9.11), we get after the calculations

C,y, +Cy0y, +C30, =0.

(9.12)

From the first of the equations (4.6), and for (i,v,x)=(0,12),(0,1,3),(0,2,3),(12,3) we

obtain

Co@yy +Coy + €y, =0
Co@y3 +Ca0y; + i3y =0
Co@ys +Cygy + €03 =0

C 0y +Cyatyy +Coay =0

C, 0y — C &ty =0
Ca0y —Cit; =0 .

Ca0lyy —Cpp3 =0

From equations (9.12) and (9.13) we have

(04
_Qy
C, = C,
Ay,
(04
_ %
C; = C,
Ay,

From equations (9.14) we obtain the four-vector C

(9.13)

(9.14)

(9.15)

From equation (3.5) and equations (9.9) and (9.15) we obtain the four-vector P = P(Q)
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P=P(Q)=| “2(c-3,)|. (919

With the knowledge of the four-vectors J,P,C we can calculate the rest masses
E . . .
m,, —, M, of the material which emerges as a concequence of the USVI. From equations
c

(2.7) and (9.9) we get

—mic? =J; [1+ [@jz +(%J2}
Oy, Oy,
and using equation (9.5) we obtain
m,=0. (9.17)
From equations (2.8) and (9.16) we have
E, = icc,. (9.18)

For the proof of equation (9.18) we used also equation (9.5). From equations (3.6) and (9.15)

we have
c, =fiM,C. (9.19)

The vector 1 vanishes

s 0
T=|0a,|=|0
oy 0

and thus the plane IT is not defined. For the same reason it also holds that p = 0. On the

contrary the vector n is nonzero

o 0
N=|ay, |#0]. (9.20)
Oy, 0
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From equations (9.9),(9.15) and (9.16) we see that the vectors J,P,C are parallel to the

vector n. From equivalence (3.4) we obtain

A :%(ci.]k -cJ;) k=i k,i=0123

and with equation (4.4) we have
Qo :E(Cr)k -¢J;)

2h
and for k =0,i=0,1,2,3 we obtain
2Qay, = £((:1‘Jo —CJ;)

2h
2Qaty, = i(Cz‘]o —CJdy)

2h
2Qay; = i(Ce,‘]o _Con)

2h

and with equations (9.9) and (9.15) we have

bc,

ZQaOl = —E ‘]1
bc

Zanz = —2—7(;\]2
bc

2Qatp = _2_7;‘]3

and solving with respect to J,,J,,J, we obtain

2h

‘]l = —E ZQaOl
2h

J, = _E 2Qa,
2h

‘]3 = —E ZQa03
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and taking into account that J, =0, we have

0
0
J :J(Q):_@{ }:_@ Xy ' (9.21)
bc, | n bc, | g
Xos

In equation (9.21) the function z is given by equation (4.5). Equation (9.21) expresses

the dependence of the four-vector J on the charge Q in the case of the external symmetry

0
T010203 '

From equation (2.10) for k =i =1,2,3 and taking into account equation

Ay = Ay = A :O(Tl =T,=T, :O)

we obtain
aJ—k=9Pka,k =1,2,3
oX, h

and with equation (9.21) we get

AXQ) bpok-123

OX, h

oQ oz b
z—+Q—=—-PRzQ,k=12,3
X, Qa peQ

k
and with equation (2.6) we obtain

b oz b
z—PO+Q—=—-Pz2Q,k=12,3
h Q an h 2Q

k

9 _0k=123
OX,

and with equation (4.9) we obtain
c,=C,=¢,=0

and with equation (9.15) we obtain
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0
C=
0
0
c, #0
C, 0
0| 2nzQ|ay
P=P(Q)=C-J(Q)= +
Q) Q=0 " oe, | a,
0 Xog

for the four-vectors Cand P .

(9.22)

We note again that we formulated the TSV for J =0 in order for the material particle

to exist. If we formulate the TSV for P =0, then material particle and the STEM trade places

in the equations and the conclusions of the TSV.

For the matrix T, itis M =0 therefore we apply the SV, - method for the

determination of the four-vector j. For (i,v,x)=(0,1,2),(0,13),(0,2,3),(1,2,3) in equation

(7.51) we get

Jo%y + 1,00, + 11y =0
Jo%s + by + bty =0
Jo@3 + 1300, + 1,065 =0

By + Ja04, + 1,05 =0

and considering the elements of the matrix T, , We obtain

jz = h
Ay
(04 .

= @ h
(04

From equations (4.27), (7.16) and (9.10) we have
Ao+ I, + A Js =0

From equations (9.23) and (9.24) we obtain the four-vector j

(9.23)

(9.24)
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Therefore the current density jhas the same direction as the vector n.

From the wave equation (5.17) and equations (9.25) and (9.20) we obtain

oc’Fn :iin—Vjo
oy, OX,
da_toa_ 10

Qg OX; Oy OX, Oty OXq .
a4

2
XO

F=VV¥+

From the second of equations (9.27) we have

vj =(5_j1 O % %%J
' 0% OX% oy OX agy
.| %o
. 1 0j
Vi :a_i Aoy
01 o,

and with equation (9.20) we have

Vj, = i%n .
Ay 0%,

From equations (9.28) and (9.20) we have

.19
V'J=a_§1£(a§1+aozz+a§3)

and with equation (9.5) we get

(9.25)

(9.26)

(9.27)

(9.28)
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V-j=0. (9.29)
Combining the continuity equation (5.6) with equation (9.29) we obtain

Ay _q . (9.30)

Therefore the charge density j, =ipc does not depend on time in the symmetry we study.

Combining equations (5.3), (9.9) and (9.16) we have

oY _bcyu,

0X, h

VIPZE(}“_”Jﬁ”—COJWn. (9.31)
Aoy 124

i,,ue@,(ﬁ,,u);t(o,O)

Let us remind that the parameters A, ¢ appearing in equation (9.31) express the two degrees

of freedom of the TSV.

Setting

ATy MG (9.32)

o1 24y

G =G (X Xy, Xy, Xg ) =

equation (9.31) is written in the form

% ) (9.33)
VY = %G‘Pn

From identity

VxV¥ =0

and the second of equations (9.33) we get

VGxn=0

and, therefore, the vector VG is written as
b
VG = % gn (9.34)

where g =g (X, X, X, X3).
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From the second of equations (9.33) we get

VY = %(GV‘I’ +¥VG)-n

and with the second of equations (9.33), and equation (9.34) we get
2 bz 2

V2y :?(G ¥n+wgn)-n

2

V2 ::—(GZ +9)¥n’®

2

and with equation (9.20) we get

b2
VY = ?(G2 + g)(aozl +a§2 +a§3)‘P
and with equation (9.5) we finally get

V¥ =0.

(9.35)

In the symmetry T, .., the wave function ¥ of the TSV satisfies the Laplace equation. The

first of equations (9.33) and equation (9.35)
¥ _beyu
0X, h
V¥ =0

b4

constitute the wave function of the TSV for the symmetry T, -

From equation (9.25) it follows that the 4-vector of the current density j has two

(9.36)

free parameters j, and j,. In theorem 7.5 we find the information for these parameters.

From equation (7.3) we have

o o o s
o o o o
o o o o
o o o o

and with equations (7.72) and (9.10), (9.9), (9.15) we get after calculations

jo:O

2
. oCbc,u
L = Yo

and with equation (9.25) we have
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0

2
j= T C | P (9.37)
h a,,

aOS

for the symmetry T, .., - It is €asy to prove that equation (9.37) is compatible with equations
(9.27) and (9.36). However equation (9.37) provides information which are not provided by
the SV, method via equation (9.25). The equation (9.25) does not provide the information

that j, =0. Generally, for the symmetries which have AJ =0one must consider theorem 7.5.

The portion of space-time occupied by the generalized particle is curved, since T, # 0

, according to corollary 6.2. Also from the combination of equations (9.9), (4.19), and taking

into account that T, =T, =T, =0 and J, =0, we obtain

d) _ dQ ; ig,_ dQ

dx, Qdx, ¢ Qdx,

J+2z0n (9.38)

for the USVI of the external symmetry T, 05 -

In symmetry Ty, it holds that T, =T, =T, =T, =0. Hence from theorem 7.6 we

could have that J, # 0, and the four-vector J could take the form

a, (9.39)

in the symmetry T, .,.; - However equation (9.39) is rejected. Following the same procedure

as the one for proving equation (9.17), we obtain from equation (9.39) that

mic? =—J32 #0. (9.40)
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Applying the SV —T method, we conclude that equation (9.40) cannot hold. Therefore, the

symmetries T, ,0; and Ty,00; have the same four-vectors J,P,C and j. The only difference

lies in the vanishing or non-vanishing of the physical quantity T, .

The symmetry T,.,0; has T, = 0 and therefore the spacetime part occupied by the
generalized particle is curved according to corollary 6.2. In symmetry T,,,.; itis T, =0 and

following from corollary 6.1 the spacetime could be either flat or curved. We shall prove that

in symmetry T,,.,,; Spacetime is curved.

From equation (3.5) it follows that the components of the 4-vector C transform under
Lorentz-Einstein as well as the components of the 4-vectors J and P . That is they transform
under Lorentz-Einstein according to equations (6.4). The first parts of equations (9.18) and
(9.19) are invariant under Lorentz-Einstein while the second parts are not. Thus the Lorentz-

Einstein transformations are not valid for the symmetry T,,.,,,, therefore spacetime is curved.
With the observation that spacetime is curved we conclude the study of the symmetries T,

and T010203 :

10. THE GENERALIZED PARTICLE OF THE FIELD (G,B)AND THE
CONFINEMENT EQUATION

10.1. Introduction

In this paragraph we study the generalized particle of the field (a,p), for which the function

Y is known. This shall allow us to perform a particular application of theorem 5.1. The

energy content of the generalized particle is quantized when it is confined to a finite portion

of spacetime. We prove the condition of the confinement for the field (a, ). Following we

prove the general condition of the confinement for the field (é;,(x)).
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At the end of the paragraph we present a short study for the field (a, B) of the

symmetry T.,,. This study focuses on the 4-vector j of the field (a, B). That is we study the

4-vector j in case where (& ®)=(a,p).

10.2. The Generalized Particle of the Field (a,[i)and the Confinement Equation

Initially we prove that the field (@, B) is a special case of the field (&, ). For

A=u= —% in equation (5.3) we obtain

oFy :—E(Jk +P)¥,k=0,123
OX, 2h

and with equation (3.5) we have

oY, __bﬁ

¥,k=0,123
OX, 2h

and using the notation of equation (4.9) we have

Y=z= exp[—z—bh(cox0 +CX, +C,X, +c3x3)}

(10.1)

From equation (10.1) and equations (5.1), (5.2) and (4.14), (4.15), we obtain

Qo
E=a=icz| oy, |=iCzn
Qo3
Uy
o=B=2z|a,; |=1t

270

The field (e, B) is a special case of the field (£, ) for 4= u= —% .

(10.2)

110



The fact that the function W of the field (a,B) is known allows us to derive two
impotant results about the total rest mass M, of the generalized partcle. The first concerns
the relation between the total rest mass M, of the generalized particle with theorem 5.2, in

case of field (a,p). From equation (10.1) we obtain

oY oY b
VZ\P-FWZVZ\P—CZ&Z :E(C§+C]_2+C12+Cf)
0

and with equation (3.6) we have

o0*Y _viy oY b’

VY + =——
X c’ot®  4n’

MZc?Y (10.3)

According to equation (10.3) and theorem 5.2 the generalized photon in the field (a, B) exists,

if and only if
M, =0, (10.4)

that is in the case the total rest mass of the generalized particle is zero. For M, #0 the

generalized particle appears.
Setting A =u = —% in the equations of paragraph 5, we arrive at the equations of the

field (a,B). For example, by setting A = = —% into equation (5.7) we obtain

. oc’hz
2h

MC.

This is equation (4.29), as we have proved in paragraph 4, for the field (a, B). On the other
hand, equation (10.3) results only because the function ¥ is known, as given by equation

(10.1) for the field (a,B).

The second conclusion concerns the consequences for the total energy c, of the

generalized particle when it is trapped in a fixed volume V . By knowing the function ¥ we

can study the consequences for a material particle that is confined within a constant volume
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V . The conserved physical quantity g, is constant within the volume V occupied by the

generalized particle. Therefore, it holds that

dg icdg

—_— = — O

dt dx, - (10.5)
V = constant

The total conserved physical quantity g contained within the volume V occupied by

the generalized particle is
q=J, pdVv. (10.6)

The equation (10.6) holds independently of the fact, whether the volume V of the generalized

particle variates or not. The density p for the field (a,ﬁ) is given by the first of the

equations (4.25)
ichz
p=-0 E(ClozOl +Cy g, +C3ly ) - (10.7)

In the case of

C,Qy +C,0, +C0tys =0,

that is in the case of

n-C=0,

as derived from equations (3.5) and (7.24), we obtain from equation (10.7) that o =0. That

is, for the field (a,B)the following equivalence holds

p=0n-C=0< Ccay +C,0p, +Cay; =0. (10.8)

In the case of p # 0, and from the combination of equations (10.6) and (10.7), we have
ich(n-C)

q= —GTIV zdV . (10.9)

The integration in the second part of equation (10.9) is performed within the total volume V
occupied by the generalized particle. Therefore, in the case the volume V is constant, the

integral in the second part of equation (10.9) is independent of the quantiites
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X, =X, X, =Y, X, =Z. Therefore, in the case volume V is constant, the physical quantity ¢ in

equation (10.9) depends only on time.

Thus by combining equations (10.5) and (10.9) for a constant volume V , we obtain

d
—), zdV =0
dt h
n-C=0 ) (10.10)
V = constant

Working with equation (10.10) in the general case presents some mathematical
difficulties. Therefore in the present work we will restrict our study on the simplest case. We

shall study the case for which the total momentum C of the generalized particle is aligned on

the direction of the x - axis, that is for the case of ¢, #0,c, =c; =0. In this case we obtain
from equation (3.6) that M/ c® =—cZ —c?. Furthermore it must also hold that p = 0, that is

ca, # 0, according to equivalence (10.8), and since ¢, # 0, it must also hold that ¢, #0.
Therefore our study refers to the particular case where

c,#0

c,=¢,=0

: 10.11
ay, #0 ( )

2.2 2 2
Mjc” =—C; —C;

We suppose that the generalized particle occupies the constant volume V defined by

the relations (10.12) in a frame of reference O(t,x, =X, X, =y, X, =Z).

a<x<p
0<x,<L,

0sx =l : (10.12)
a<pf

L=B-a>0
L,,L, >0,L,, L, =constants

For the quantities «, £ it holds that

da _dF_, ¢ (10.13)
dt  dt

where u is the velocity with which the volume V is moving in the chosen frame of reference.
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From equation (10.1), relations (10.11), and since X, =ict, we have

Z=exp (— iche, tjexp(—% xj
2h 2h

2nL,L, ichc bc,p bc,a
dV =— 23 exp| — 0t || exp| ——22 | —exp| —22Z || . 10.14
& be, Xp( 2 J{ Xp( 2hj Xp( 2n ﬂ (1049

From equation (10.14) we see that equation equation (10.10) holds, if and only if

bc, s bc,a
exp| ——= |—exp| ———|=0
o[- 50 )ee -5
exp ——bcl(fh_a)}l
bc, L
ex =1. 10.15
oo (1015)

Equation (10.15) holds only in the case the constant b of the Law of Selfvariations is an

imaginary number, b=i||b||,||b|le R. In this case we obtain

cos(bcll') =1

2h

sin(bcll'j =0
2h

b=ilo||.lIblle R

and finally, we get

Arh

N=+142 43 ... (10.16)
Lilbll

n

C, =

Combining equation (10.16) with the last of the equations (10.11) we have

167

2P n=123. (10.17)
L*|1b]f?

2.2 2
Mjc” =—C;

Therefore the momentum ¢, and the rest mass M, of the confined generalized particle is

quantized.
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In the case of the generalized photon, that is for M, =0, and according to equation

(10.17) we have

C, =N 147 ,N==11,4+2,43,...
Lilb]| : (10.18)

M, =0

Combining equations (10.1),(10.16) and (10.18) we have

Y=z= exp[n%(ct—x)}

n=+1+2,43,.. : (10.19)

M,=0

The function W expresses a harmonic wave of wavelenght 4 = ZL propagating along the x -
n

axis.

We now calculate the equation corresponding to the equation (10.10) for the field
(&,m), in general. The reason of not having calculated the general equation (in the case of

the one spatial dimension) already in paragraph 5 is that the relation of the confinement of the

generalized particle with the appearance of the quantization would not have become obvious.
From equations (4.27), (4.28) and (5.7), and since it holds that j, =ipcC, we obtain:

ich
pP= 7‘{][/1(0‘01‘]1 +apJ, +a0333)+,u(a01|31 +ayP, +ao3p3):|

and together with equations (5.8), (5.9) and (7.24) we have

p=%‘P(ﬂJ-n+,uP-n). (10.20)

From equations (10.5), (10.20) for the generalized particle occupying a constant volume V

we obtain

%jv\y(zmnwp-n)dv =0

Ad-n+uP-n=0 . (10.21)
V = constant
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For A=u= —% equation (10.21) gives equation (10.10), after considering equations (3.5)
and (10.1).

For the internal symmetry T =0 it holds that M =0, and from equation (5.7) we
obtain j=0. Hence equation (10.5) degenerates into the identity, 0 =0, therefore the

confinement equation (10.21) does not hold. The same holds also for all the external

symmetries T =zQA as follows from equation (8.4). Therefore the confinement equation
(10.21) is valid for the 44 generalized particles of the external symmetries of the sets
0,Q,,Q,,Q,,Q.; of equations (7.83).

The field (a, B)exists in all external symmetries, except the ones with T = zQA of
the set (3, of equation (7.83). Every external symmetry of the set
QuQ,uQ,uQ, UQ, UQ, expresses one of the possible states of the generalized
particle. For the field (u, B)every external symmetry expresses one of the possible states of
the field. We complete the paragraph with the study of the symmetry T,, of the set Q,, for
the field (@, ). We consider the case where Q is electric charge, hence a is the electric field

and B the magnetic.

The symmetry T.2,, is given by the matrix

T, 0 ¢, O
T-20 0 T -a, O
—ay Ay T, 0
0 0 0 T,
0,0y # 0

according to equation (7.71), and considering equation (7.20) we have

0 0 ¢, O
0 0 -a, O
T = T02221 = ZQ T “ 0
—0y, Oy ) . (10.22)
0 0 0 0
Oy, 0ly #0

From equation (10.22) we get the matrix M
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0 0 o, O
0 0 - 0
M = % 7| (10.23)
-a, o, 0 0
0 0 0 O
From equations (4.14), (4.15) and (10.22) we have
0
a=IiCZ| a,, (10.24)
0
0
p=z/ 0 |. (10.25)
Oy

The electric field is on axis x, =y and the magnetic on axis X, = z . The function z in
equations (10.24) and (10.25) expresses the wave form of the field for

b=i (10.26)
according to equation (10.1).

Applying the SV —M method we get the equations

2 2
ag, +a, =0

oy = tiay,
1
+i
J=1J =]
-3
0
(10.27)
0
0
C=
C,
0

P=P(Q)=C-3(Q)
The material particle exists for J =0, hence from the second of equations (10.27) we have

J, #0. (10.28)
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From the fourth of equations (10.27) it follows that for ¢, =0 is C =0, which is impossible.

Therefore it is

c,#0. (10.29)
Considering the second of equations (10.27), the equation (10.24) can be written in the form

0

a==Cz| a,, |. (10.30)
0

From equations (10.25) and (10.30) it follows that the electric and the magnetic field have
equal norm:

lal=IBII (10.31)

Applying the SV, method, and similarly to the proof of the third of equations
(10.27) we have

= pc| | (10.32)

From equations (10.7), (10.22) and (10.26) we have

_ 0CC, U2
2h

and replacing density p in equation (10.32) we have

- # 10.33
2h 0 ( )
0 0
According to the third of equations (10.27) the vector
+i W Fl 0
J=J(Q)=J,|0 = 0|#|0 (10.34)
0 0 0

of the momentum of the particle is on the axis x, = x. Similarly from equation (10.33) it
follows that the vector
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+1

0
2
j= ¢ %% | g |40 (10.35)
o) (o

2h
is also on the axis x, =X.

Let o =¢,, where g, is the dielectric constant of the vacuum, then in equation (10.33)
we have

i 0
2 +1| |0
j= 2 Q% | 75 LT (10.36)
2h 0 0
0 0
Inserting o = % in equation (10.33) we get
i 0
2 +1| |0
j= b S 51 TR L T (10.37)
2e 0 0
0 0

E quation (10.36) gives the 4-vector of the current density of a conserved quantity of electric
charge (see paragraph 5.). Similarly equation (10.37) gives the 4-vector of the current density

of a conserved quantity of angular momentum. In both cases the vector j is on axisx, =X, as

follows from equation (10.35). Finally from the third, fourth and fifth of equations (10.27)

we have

m, =0

c,=tM,c=0 (10.38)
E, =+cc, =+M ¢’ #0

for the rest masses of the material particle which emerges as a consequence of the USVI.

The above egs. completely describe the state of the field (a, B) in the case of the
symmetry T.2,,. Working in the same way we can study the field (a, B) for the symmetries of
the sets Q,,Q,,Q,,Q,,Q;, Q.
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11. THE EXTERNAL SYMMETRY FACTOR

11.1. Introduction

In this paragraph we study the factor which generates external symmetry. That is the
momentum which emerges from the USVI, which is added to the internal symmetry

momentum and eliminates the parallel property of the 4-vectors J, P and C.

In the symmetries where the field (a, B) is defined the external symmetry factor is

determined by the potential of the field. The study we present demonstrates the physical

content of the gauge function f of the potential. The function f is related to the theorem of

internal symmetry, i.e. with the isotropy of spacetime.

11.2. The external symmetry factor

To isolate and eventually to work out the external symmetry factor it is necessary to
use all fundamental theorems of paragraph 7, as well as theorem 4.4 of paragraph 4. Next we

give the first of these:

Corollary 11.1 ""In the external symmetries of the set , UQ, UQ, UQ, in which M, %0,

the factor J(Q) which eliminates the parallel property of the 4-vectors J, P and C of

external symmetry during the involvement of a material particle in an interaction (USVI) is
given by the equation

iv
alEENrs
J=1(Q)=-QA=-Q A =-Q| A (11.1)
A
Mo
where A is the 4-vector of the potential of the field (a,B)with gauge function
f, =0,k €{0,1,2,3}, as given by the equation
2h oy z,fori=k
A=10 G (11.2)
0,fori=k
c, =0

where ¢, #0,k €{0,1,2,3},i=0,1,2,3. ~
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Proof. The field (a,B) is defined for external symmetries of the sets Q,,Q,,0Q;,Q,,Q;,Q;

of equation (7.83). The potential of the field (a, B) is given by equation (4.32) of theorem 4.4.

the determination of the external symmetry factor was possible only after the study of every

one of the external symmetries of the set Q, W Q, UQ, UQ,, in which M, = 0. The external
symmetry factor for this set is given by equations (11.1) and (11.2). According to corollary

4.1 in external symmetry there is ¢, =0 for at least one index k e {0,1,2,3} . Therefore the
potential (11.2) is defined in all symmetries of the set 0, UQ, UQ, UQ; . In cases where

c, # 0 for more than one index k {0,1, 2,3} the potentials which emerge from equation

(11.2) are equivalent, according to equation (4.33) of theorem 4.4. The factor of external

symmetry is that what, in the field «language» we would name potential momentum of the

field (a,p) of the USVI.o

With the knowledge of the 4-vector J(Q), as given by equations (11.1) and (11.2) we
get the 4-vector P(Q) of USVI from eq.
P=P(Q)=C-J(Q) (11.3)

From equations (11.1) and (11.2) it follows that in all symmetries of the set Q, UQ, UQ,

the rest mass m, of the USVI particle is zero:
Myus =My =0 (11.4)

From equations (11.3) and (11.2) it follows that the rest energy E, s, = E, of the USVI

particle is not the same in every symmetry of the set 2, UQ, L), in any case however we

have the equality
Eous =Eo = iMoCZ (11.5)

where M, the total rest mass of the generalized particle. For the N, =6 symmetries of the set

Q, itcanbe my s, =m, #0.

In internal symmetry, i.e. the spontaneous STEM emission of the material particle

as a consequence of the Selfvariations, the 4-vectors J, P and C are parallel. When the
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material particle involves in an interaction the direction of the 4-vector J (Q) of the potential

momentum of the USVI in spacetime depends not only on the material particle. Thus the
addition to the internal symmetry 4-vector destroys the parallel property of the 4-vectors J,
P and C of the generalized particle. The momentum 4-vector of internal symmetry is given

by theorem 3.3, and considering equation (11.1) we have

C Ay
1 1 1 |G A
J=—-"C+]J =——C-QA=—- - 11.6
1+0 Q) 1+ O Q 1+d|c, Q A, (11.6)
Cy Ay
for the momentum 4-vector J of the generalized particle. From equations (3.5) and (11.6) we
also have
C Ay
C
L b +Q A (11.7)
1+d|c, A,
Cy A

for the momentum 4-vector P of STEM. Another proof of the equation (11.7) can be done

from theorem 3.3 and equation (11.1).

In this notation we do not discriminate between the 4-vectors J(Q),P(Q) of
potential momentum as a consequence of the USVI, and the total momentums J, P of the
generalized particle, by generally using the symbols J, P . The presence of the function @ in
equations (11.6) and (11.7) eliminates any cause of confusion. Also we use the same symbol
m, for the rest mass of the particle which emerges as a consequence of the USV1 as for the

rest mass of the material particle. For the rest masses also there is not case of confusion since

the USVI particles of the symmetries of the set 2, UQ, UQ, have always m, =0, while the

: : : M : :
material particle’s rest mass is always m, = 1 SD . This conclusion, as well as corrollary 11.1,
+
follows from the study of all external symmetries of the set Q, LU Q, UQ,.

From equations (3.4) it follows that we get exactly the same physical quantities

Aq K, 1=0,1,2,3 whether we use the pair of equations (11.1), (11.3) or the pairs (11.6), (11.7)

in equation (3.4). The terms of internal symmetry
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1 C
1+ O

in equation (11.6) and

@ C
1+O

in equation (11.7) do not affect the physical quantities 4,.,k,i =0,1,2,3. We suggest to select

one particular symmetry of the set Q, UQ, UQ, UQ, and do the mathematical calculations.

A good practice also for the understanding of the TSV is the proof of equations (5.10)-
(5.15), first with the pairs of 4-vectors (11.1), (11.3) and then with the pairs (11.6), (11.7).
The egs. of the TSV are valid for the 4-vectors (11.1), (11.3) as well as for the 4-vectors
(11.6), (11.7). This fact reflects the physical content of the two symmetries, internal and

external. The spacetime isotropy implies the parallel property of the 4-vectors J and P

which in turn implies eq. 4, =0,Vk,i=0,1,2,3, as follows from equation (3.4). The USVI

is caused by the spacetime anisotropy, which implies the relation A,; = 0 for at least a pair of

indices (k,i),k,i=0,1,2,3, as follows from equation (3.4).

We now apply corollary 11.1 to symmetry T, , Whose elements we know from

paragraph 9. According to equation (9.22) we havec, =0, hence from equations (11.2) we

have
0
A= 2_hz %oy
bc, | g,
Q3

and with equation (11.2) we have

0
2hzQ | Ay
=) (Q) o bc, | &
0 02
U3

and with equation (9.22) we have

(11.8)

(11.9)
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0 a
P=P(Q)=| - |+22R| % (11.10)
0 bc, | g
0 (o7
for the momentum of the USVI particle.
Now from equations (11.6), (11.7), (9.22) and (11.8) we have
] 0
0
[ _2hQ) %o, (11.11)
(1+®)| 0| e, |
1 0] | %os
o, 0
0
p-_® 4 2h2Q ] oy (11.12)
(1+®)[ 0| bc, |ay
1 0] | o3

for the momentum of the generalized particle.
From equations (2.7) and (11.9) we have

4h222Q2 2 2 2 2.2
Y (a01+a02+a03)+ mjc® =0
0

and with equation (9.5) we have

0+mic? =0
m, =0

for the rest mass of the USVI particle. From equations (2.8) and (11.10) we have

) 4h222Q2

E2
Co+—5 0
b°c,

2 2 2 .
(a01+a02 +a03)+c—2—0

and with equation (9.5) we have
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which is equation (9.18).

JZ+J7

From equations (2.7) and (11.11) we have

c? N 4n°7°Q*

(1+q))2 b?c? (0‘51 +ag, +0‘023)

+32+3 =

and with equation (9.5) we have

JZ+3}

2
CO

+J2+07 =
7 (o)

and with equation (2.7) we have

2
_m2c? G
2% =
1+ <D)2

From equation (9.22) we have

cZ+cl+ci+c=c

and with equation (3.6) we have

-MZc?

and with equation (11.13) we have

and finally we have

M

— 0
m, =+—2%

(11.13)

which is equation (3.10). Likewise from the equations (2.8) and (11.12) we get (3.11)

E, =+

M,
1+®

From the pairs of equations (11.11) and (11.12) we have
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G

Jo =
1+ ®
3. = _2hQay,
' be,
(11.14)
— CDCO
° 1+0
P - 2hzQay,
bc,
From equation (3.4) and equations (11.14) we have
Aot ZE(JOF?L_‘]lPO)
2h
b({ ¢, 2AzQ 2hzQa,, | @c,
A =77 Qo —| —
2h{1+® b, bc, J1+®
2Q  DzQ
Ay =| ——+——
o (1+CD 1+CIJJ%l
Aoy = 2Qaty, . (11.15)

Equation (11.15) is the equation (4.4) for k=0 and i =1. In the same way we can proof that

the pair of equations (11.1), (11.3) and (11.7), (11.8) give equations (4.4) for the symmetries

of the set Q, LQ, LUQ, LO..

A question which arises from corollary 11.1 is if it can be generalized with the gauge

function f, ke {0,1, 2,3} ,¢, =0 to be different than zero ( f, #0) in equation (4.32). The

answer is yes and is given by the following corollary:

Corollary 11.2 “"For the factor J(Q)=—-QA of external symmetries of the set
Q,UQ, UQ, U, the 4-vector A of the potential of the field (a,B) is given by eq.

2h 2% 24 N fori =k
b c, OX:
A = af (11.16)
Tk fori=k
oX;

where ¢, =0,k € {0,1, 2,3} ,1=0,1,2,3 and the gauge function f, satisfies the condition
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kgizcigi,ke{o,l,zs},i=0,1,2,3. (11.17)
X; X,

In the case where ¢, =0 for more than one index k e {0,1,2,3}, i.e. where
cc #0,k=ik,ie {0,1, 2,3} , the potentials which arise from equation (11.16) are equivalent, as
follows from equation (4.33)

2
M2 % o0k ki=0123 (11.18)
C

k™i

fo="f+

l 2

of the theorem 4.4.”"

Proof. From equations (11.1) and (11.3) we have

3, =-0A
P=c+0QA . (11.19)
k,i=0,12,3

Initially we ask that the combination of the equations (3.4) and (11.19) should give equation
(4.4):

b

ﬁ’kizg

(3P -3R)
Qe = —-(~QA, (6 + QA ) +QA (6, +QA,))

Qe = —-(-Qu A ~QAA +Q6A +QAA)

b
2Qay; _EQ(CkAi _CiAk)
220, =G A -0A. (11.20)

Combining equations (11.20) and (11.16) for ¢, #0,k € {0,1, 2, 3},i #k,1=0,1,2,3 we have

2h [Zhaki afkj of,
— o, =C | ——Xz4+—|-c—=

b bc ox) X
0=c, M _ C, s
OX; OX,y

and finally we have

A
“ox. ' oX,
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which is condition (11.17). The proof is completed by showing that the corollary is valid for
everyone of the external symmetries of the set Q, UQ, UQ, UQ, . The last step of the proof

IS necessary because in the procedure of the proof we used equation (11.1) of corollary 11.1.
O

Corollary 11.1 is a special case of corollary 11.2 for f, =0,k € {0,1, 2, 3} . Via

equations (11.6), (11.7) and (11.1), (11.3) corollary 11.2 gives the 4-vectors J and P of the

material particle and the USVI particle respectively for the symmetries of the set

Q U, uQ, U, Itis easy to prove that the rest mass of the material particle is given by

eg. (3.10), and the rest mass of the USVI particle is zero for the rest mass of the set

Q, uQ, UQ, and nonzero for the rest mass of the set €, .

We now calculate the 4-vector J from equations (11.1) and (11.16) for

f,#0,ke {O,l, 2,3} . For the symmetry T, it is ¢, =0 whence from equation (11.16) we

get
_a_fo_
0%,
a_fo 0
A= 0%, +@ Uy
oy | bey |,
X, O3
,
OX; |

and with equation (11.17) we get

1
4 0
o | | om|a
A=Lo o [+ 222 For | (11.21)
X, | == | bc,|ag
c:0
(04
C_3 03
L Co _

From the first of equations (9.22) we know that ¢, =c, =c, =0 whence from equation (11.21)

we get
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1 0
0 a
A:?TO 0 +% a°1 . (11.22)
0 0 02

0 s

Combining equations (11.1) and (11.22) we get

1 0
6_f0 0 _ZhZQ O

. (11.23)
0%, 0] bec, |ag

1=-Q

0 (27

Comparing equations (11.11) and (11.23) se see that the procedure of proof we followed

gives us equation (11.11) for f, = 0. Moreover a valid eq. is

Qe __ 2%
X, 1+0
Co %0 . (11.24)

c,=C,=¢;=0

Equation (11.24) gives the relation of the gauge function f; with the function @ and the
charge Q for symmetry T, ..., . An analogous eq. is valid for every external symmetry with
determined field (a,p), that is for the set Q, UQ, VO, LQ, UQ, UQ,. The comparison of

equations (11.11) and (11.23) reveals the physical content of the gauge function f in the
context of the TSV. The gauge function f is related with internal symmetry, i.e. with

isotropic emission of the STEM from material particles.

The method we presented results in equation (11.11) in a different way than from

the SV —M method. The SV —M method as well as the above proof procedure may be

applied for the external symmetries where the field (a,B), is determined i.e. for the set

QuUQ, U, U, U0 UQ,.

For the symmetries T = zQA of the set Q) the field (a,pB)is not defined. Therefore
the present study does not concern the symmetries T = zQA . The cause of external

symmetries for the symmetries of the set €, is given by corollary 8.1 of paragraph 8.
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12. THE SET Q,

12.1. Introduction

In this paragraph we determine the basic characteristics of the symmetries of set €, .
In the symmetries of set 2, UQ, UQ, UQ, UQ;, the rest mass m, of the USVI is equal to

zero. In addition, the second term of the USVI on the right-hand side of equations (4.19) and

(4.20) vanishes in the symmetries of set 0, U Q, UQ, UQ, UQ,. In the symmetries of set
Q, the rest mass m, of the USVI can also be non-zero (m, = 0). In addition, the second term

of the USVI is non-zero

! ZQAuU #
c

o O o o

on the right-hand side of equations (4.19) and (4.20). We present the detailed study of the
symmetry T,*. The study of the remaining symmetries of set ©, = {T3", 7.7, T T2, T3 T,

is performed along similar lines.

12.2. The symmetry T

For the symmetries of set (2, equation (7.13) does not hold. Therefore, for symmetry
T, we will apply the SV —M method, changing the order of steps. From equation (7.71) for

ay, 20 and o, = ay; = o, =, = a,, = 0we get

T, o, 0 O

T=120 -a, T, 0 O
0 0 T, O (12.1)
0 0 0 T,

oy, %0

From theorem 7.3 or, equivalently, from equations (7.20), and taking into account that

ay, #0 we get
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T,=T,=0 (12.2)

T, a, 00

T=12Q -a, T, 00
0 0 0O (12.3)
0 0O 0O

oy, #0

From the second of equations (4.6) for (i,v,k)=(0,1,2),(0,1,3),(0,2,3),(1,2,3) we

get

‘]Oa12 + J2a01 + ‘]laZO =0

‘]oa13 + J3a01 + ‘]1330 =0
‘Joaza + Jsaoz + ‘]zaso =0
‘]1323 + Jsa12 + ‘]2a31 =0

and taking into account that o, = -, .k #1,k,1=0,1,2,3, and the elements of matrix T as

given by equation (12.3) we get

J,a,, =0

Joay, =0

and since ¢, = 0we get

J,=J,=0 (12.4)
‘JO
J

J=|1 12.5
0 (12.5)
0

Equation (12.5) gives the four-vector J (Q). As we have already mentioned, we will use the
symbol J in equation (11.1) as well as in equation (11.6), since there is no issue of confusion

between the four-vectors J and J(Q).

From equations (2.13) and (12.3), (12.5), and considering that zQ =0 we get
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T, a, 0 0][J,] [0
—a, T, 0 0|3, |o
o o ooflol o
o o0 o0o0lo] |0

and therefore

Todo +apd; =0

. (12.6)
—0yJ, + T3, =0

Equations (12.6) constitute a 2x2 homogeneous system with the momenta J, and J, as

unknowns. Since itis J, =J, =0 and J # 0 system (12.6) has a non-zero solution and ,

therefore, its determinant is equal to zero, that is

T,T,+af =0. (12.7)
From equation (12.7) and because «,, #0 we get

T,T, #0. (12.8)

Thus, from equation (12.3) and relation (12.8) we get

T, o4, 00
T 0 O

W= o o ol (12.9)
0 0 0O

We reitterate that, according to our naming convention, the elements in the matrices of the

sets of equation (7.83) are non-zero.

From the first of equations (4.6) for (i,v,k)=(0,12),(0,1,3),(0,2,3),(12,3) we get

Colyp +Colly; +Cay =0
Collys +C38y; +Ciag =0
Collys +CyB, +Cy85 =0
Cy8p5 +Cy8y, +Cy85 =0
and taking into account that «; =—a,, k #1i,k,i =0,1,2,3, and the elements of matrix T)" as

given by equation (12.9) we get
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C, 2y =0

0y =0

and since «,, =0 we get

c,=C,=0 (12.10)
CO
C

C=| . 12.11
0 ( )
0

From equations (3.4) and (4.4) we get
b
2Qay, = E(cl\l0 —CoJdy). (12.12)

Given that o, =0 we get from equation (12.12) relation
Cod, #CJ,. (12.13)

From relation (12.13) it follows that the four-vectors J and C of equations (12.5) and
(12.11) are not parallel.

Applying the SV —T method it is easy to determine that equation (12.12) is
compatible with the symmetry T." only when ¢, #0Ac, =0 or ¢, =0Aac, #0. Therefore,

the four-vector C is expressed in the following two ways

CO
0
C=
0 (12.14)
0
c, #0
0
C= a
0. (12.15)
0
c,#0
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When equation (12.14) holds, itis z = z(xo), as follows from equations (4.5) and

(12.14). Therefore, itisalso Q =Q (x0 ) Taking also into account equations (12.5) and

(12.12) we get

c,#0

O
o

o O O

Jo (%)
1305 20
0

2h
J=31(%)= "o, 2Qaty,
0

bc,
L= eXp —E XO

Q:Q(Xo)

Similarly, when equation (12.15) holds, we get

c,#0
0
Cl
C=
0
0
Jo (%)
‘]l
1=3()=| 2
0
2h
Jo= Jo(xi)_b_ClZQam
z—z[_ﬁ j
TR
Q=0Q(x)

From equations (2.7) and (12.5) we get

(12.16)

(12.17)
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JZ+J32+mic’=0. (12.18)

We now prove that the rest mass m, of the USVI particle can be non-zero in the symmetry

T, that is

m, #0. (12.19)

For m, = 0 in equation (12.18) we apply the SV —T method differentiating with respect to

X,,v=0,1,2,3, and considering equations (2.10), (4.4) and (2.6) we get

3,80, 3 Pt i 2T

X, " OX,

3 (% P.J,+ zQavonrJl(% R+ ZQ%)WOCZ % Rm,=0

%PV (35 +37 +mc® }+ 2Q (et  + 12, )= 0

and with equation (12.18) we get

2Q(J,,0 +J,2,,)=0

and because zQ =0 we have

Jya,o + 3,0, =0. (12.20)
For succesive v =0,1,2,3 in equation (12.20) we get:

For v=0, J, T, + J,a, =0 which is the first of equations (12.6).

For v=1, J,a,+J,T, =0 and equivalently —J,«,, + J,T, =0 which is the second of

equations (12.6).

For v=2, J,a, + J,a, =0 which holds since a,, = a,, =0 for symmetry T.".

For v =3, Jyay + J,a5, =0 which holds since o, =a,, =0 for symmetry T:".
We prove the equivalence

m,z0 =T, #£T) (12.21)
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for symmetry T,)'.

Proof. We prove that it is impossible to have

m, #0AT, ==£T,. (12.22)
For T, = T, from equation (7.76) of theorem 7.6 we have

T, (J5+37)=0

and with equation (2.7) we have

T/mZc* =0

and from the relation (12.8) we get m, =0 which is absurd since we have assumed that

m, # 0. Therefore we have the equivalence (12.21).o

We prove now that for m, = 0 the physical quantities T, and T, are not constant and

are given by the equations

c,#0Ac =0

m, #0
2
T2 = %o 12.23
Yo h
T__%
1
TO

7, = constant, y, e C

_ , (12.24)
bclxl)
L]
7 exp( i

y, =constant,y, e C
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Proof. We prove the equation (12.23) and similarly equation (12.24) is proved. For
¢, #0Ac, =0 from equations (3.4) and (4.4) we have
2Qary, = L(Cl‘]o —CJy)

2h

2Qay, = %(O—COJl)

J, = _2hay g (12.25)
bc,

Form equation (12.25) and the first of equations (12.6) we have

Todg + 0y d, =0

(04
‘]O = —_I_—Zl ‘]l
2
3y =3y (%) = 2o 2Q (12.26)

bc, T,

Differentiating equation (12.26) with respect to x, we get

dJ, __2haf 2QdT,  2hag 1 d(2Q)
dx, bc, T dx, bc, T, dx,

and with equations (2.6), (2.10), (4.4) and (4.9) for ¢, #0Ac, =c, =c, =0 we have

2 2
b PJ, +2QT, =— 2hay 2 dT, + 2hay, i(_bﬁ+9j zQ
h bc, T, dx, bc, T,\ 2k h

and with equation (12.26) we have

B 2hal, 2QdT, 2Qa},

20T, =
QT, be, TZdx, T,

and because of zQ =0 we have

2hal, dT
T03 == bam — = ango
c, dx,

and solving the differential equation we get
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1

and with equation (12.7) we get equation (12.23).o

T2 =

Consequently, the rest mass m, of the USVI particle can be non-zero in the symmetry T.:".

We now check whether it can be m, =0 in equation (12.18). For m, =0 we get
J2+J2=0
J, =+iJ,. (12.27)

We apply the SV —T method, we deferentiate equation (12.27) with respect to
X,,v=0,1,2,3, and, taking into account equations (2.10) and (4.4) we get

8, _ .93,

ok,

b (b

Y PJ, +2Q¢,, =i (% PJ,+ zQavoJ

and with equation (12.13) we have

2Qa,, = tizQ«,

and since zQ =0 we get

a, =+a,,. (12.28)
For succesive v =0,1,2,3 in equation (12.14) we get:

For v=0, «a, =tig, =T, and equivalently

T, = Fia,, . (12.29)
For v=1, T, = tie,, and equivalently

T, =Fiay, . (12.30)

For v=2, a,, =+ia,, which holds since a,, =a,, =0 for the symmetry T'.
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For v =3, a, =zia,, which holds since «,, = a,, =0 for the symmetry T'.

Equations (12.29) and (12.30) satisfy equation (12.7). Therefore, the rest mass m, of the

USVI particle can be zero when equations (12.29) and (12.30) hold. Taking also into account
equation (12.27) we get the case

J =+, . (12.31)

for the T,,' symmetry. Equations (12.31) resolve in the following four cases:

c,#0,¢c,=0

127
Jo=30(%)= EZQO‘M
0

2h
Ji=J; (XO)Z_EZQam -1 1

0
J,=J,=0 Tooll:ZQam
T, =T, =—lay,

bc,
= eXp —E XO

Q=0Q(x)

m,=0

(12.32)

o o
o o o o
O o o o

(12.33)

(&

N

!

(&

w

!

o

—

Re

I

N

Q

S

o

=3
o O o o
o O o o
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¢, =0,c,#0

2h
Jo=Jo (&):EZQQM
1

i2h
J1:J1(X1):E2Qa01 -1 00
1
-1 -i 00
J2 = J3 = O Tooll = ZQaOl (1234)
] 0O 0O
T, =T, =—lay
0O 0 0O
z:exp(—mxlj
2h
Q:Q(Xl)
m, =0
¢, =0,c,#0
2%
Jo:‘]o(xi):b_cleam
i2h
J1:J1(X1):_E2Qa01 i 1 00
1
- 0 0
J,=J;=0 T0011 =2Qay, (12.35)
) 0 0O
T, =T =lay
0 0 0O
z=exp[—£x1j
2%
Q=Q(x)
m, =0

From the above it emerges that in the T" symmetry there are six cases for the energy
state of the generalized particle as given by relations (12.23), (12.24) and (12.32)-(12.35). In
the first case, the rest mass of the USVI particle is non-zero, while in the other four it is equal
to zero. In all cases the four-vector P is given by equation (3.5), P=C—J. From equation

(3.6) and equations (12.14), (12.15) it emerges that the total rest mass M, of the generalized

particle is

i .
M=t 0y m, =+'%
C

c

(12.36)
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We note again that we formulated the TSV for J =0 in order for the material particle
to exist. If we formulate the TSV for P 0, then material particle and the STEM trade places

in the equations and the conclusions of the TSV.

From equation (7.3), and taking into account the elements of matrix T.', we get
0 0 O 0
0 0 O 0
N:
00 0 -a,
00 a O
and from equation (7.17) we get
o0 o o0 1] [o
00 0 0 |[j]| |0
00 0 -—a,li]| |0
00 a O |l |0
and, equivalently,
~0y J3 =0
oy j, =0
and since «,, #0 we get
Jo=14,=0 (12.37)
Jo
j= L (12.38)
0
0

for the current density four-vector j of the conserved physical quantities in the T,

symmetry.

We obtain a different expression of the four-vector j from equation (5.7). From

equation (4.28) we get
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0 o, 00
— 0 0O
M =| o (12.39)
0 0 0O
0 0 0O
for symmetry T,,'. Combining equations (5.7) and (3.5) we get
. oc’b
j =—T‘I’M (A= w)d +uC)
j——ﬂ‘P((i— YMJ + uMC)
P Iz H
and with equations (12.39) and (12.5), (12.14), (12.15) we get
I J, ] )
. O'CZb(JCOl —Jp =G
=——=Y| (41— + 12.40
] - (A-u) o IT# o (12.40)
| 0 | | 0
i ‘]1 ] _Cl
. oC’hay, -J, 0
=— Y| (1- + 12.41
==Y () e (12.41)
0 | |0

where A, i the degrees of freedom of the TSV.

For the field (a,B) itis 1 == —% and W =z and, substituting in equations (12.40)

and (12.41), we get

0

L. oc’ba,,z|C

j= (%) =—72 7
2h 0 (12.42)

0
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oy oChayz| 0

=)= 2n | 0. (12.43)
0

c,#0

Using succesive (k,i)=(0,1),(0,2),(0,3),(3,2),(13),(2.1) in equation (5.17) we get

2 . .
O e i A I
OXg X, 0%,

and taking also into account equation (12.38) we get

oc’q (VZ‘P + _az\lfj = i - %
01

ot ) ox, ox
jo = jo (Xo’ Xl) : (12-44)
j1 = jl (XO’ Xl)
jz = j3 =0

Equations (12.44) give the wave-equation of the TSV for the T.}' symmetry.

In the case of the (a, B)field, we know the four-vector j in every symmetry of the set
Q,uUQ,UQ,UQ, U, UQ,. For the T symmetry, the four-vector j of field (a,p) is

given by equations (12.42) and (12.43). Equations (12.44) concern the case of equations
(12.40) and (12.41).

From equations (4.19), (12.38) and taking into account the elements of matrix T}' we

obtain the USVI of the T)' symmetry:
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J J i Tic| i -u
ol|_ dQ | Jo —lZQ 0 —lZQam e
J; Qdx,| J, | ¢ Tu | c ic |. (12.45)
J
We note that the term
_l ZQ |:T0u0:|
c Ty,
on the right-hand side of equation (12.45) is different than zero, as follows from equation
(12.8). The fact that this term is not zero in the USVI is a common characteristic of the
symmetries of set (), .

In the preceeding study we denoted J the four-vector J (Q). Knowing the four-

vector J (Q) we can calculate the four-vectors J and P from equations (7.86). The

calculation of the four-vectors J and P can also be performed through equations (11.6) and
(11.7). The potential A is given by equation (11.16) for c, #0Ac, =c, =c, =0 and

c,#0AcC,=C, =C, =0, as emerges from equations (12.14), (12.15).
13. THE SET Q,

13.1. Introduction
In this paragraph we determine the basic characteristics of set (2, . We present the
analytical study of the T,,.,,, Symmetry. The rest of the symmetries of set

Q, = {Tow02s213 + Torosszor Tozosszes ; C@N be studied in a similar way.

. E
In the symmetries of set Q, the rest masses m,, — and M are equal to zero,
c

m, = E—g =M, =0. The same is true for the four-vector j of the density of the conserved

c

quantities of the generalized particle, which is j=0. Additionally, the generalized particle is
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always in the form of the generalized photon. These three characteristics are also shared by

the Tyypp0ss01301 SYMmetry of set Q.

13.2. The symmetry T390,

The symmetry T,,q..,,; IS given by equation (7.71) when aga,00,0,, #0 and

Qpp =03 =0

T, oy 0 Q3
-y T -y 0
0 ay T, -ay]. (13.1)

—ap 0 ay T

T=2Q

Qg A Ugy @y # 0

From theorem 7.3 or, equivalently, from equations (7.20) we get T,=T, =T, =T, =0

therefore, from equation (13.1) we get

o 1 o Zw
U
0 agl 0 05((),3 1 0 oy 0
—C, 4 o
Torosse = 2Q 001 021 =2Qay, o (13.2)
Oy 03 0 Oy 0 O
ay 0  a 0 Aoy Oy
_ Qg3 0 Uy 0
L Can Ay )

We reiterate that, according to the notation we use, the elements in the matrices of equation

(7.83) have non-zero values.

From equations (7.2) and taking into account the elements of matrix T;,;..,,, We get,

after the calculations, equations

J :_?‘]0 :%Jo
2 2o (13.3)
J, :_@\Jl =%‘J1
Xos A3

From equations (13.3) we get
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Oy 0y + 00y, =0 (13.4)

From the second of equations (4.6) for (i,v,k)=(0,1,2),(0,1,3),(0,2,3),(1 2,3) we get after

the calculations

[04 a
_ 21 _ 32
J, =2y =223

(04 (04
ol S (13.5)
J,= Qo3 J = _C% J
Ay Ay

Comparing equations (13.3) and (13.5) we get

2 2
ay +ay, =0
Uq oz = O30y,
2 2
as +a,=0
o T %3
. (13.6)
Upallzy = Qp Oy
2 2
ap+as, =0

2 2 _
ay+a, =0

We solve the system of equations (13.4), (13.6) and get the following four cases for the

relation of the physical quantities «,, g, a3, @), :

(aos’ Ugpy Oy ) = (iam' Aoy iam)
(ao3 10391 Ayg ) = (iaov — 0y, a01)
(aos’ Uz, au): (—ia01, oy —ia01)

(aoa 1 U3y Ay ) = (_iaov Qs i0‘01)

(13.7)

One way to solve the system of equations (13.4), (13.6) is to write equation (13.4) in

the form
(04 (04

03 R _g.
Aoy 223

in equations (13.6), from where it emerges that s =+i, and we finally get equations (13.7).
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From equations (13.3) and (13.5) we get

0

1

1=%ny | (13.8)
o

a
03
J;
Uy

From the first of equations (4.6) for (i,v,k)=(0,1,2),(0,1,3),(0,2,3),(1 2,3) we get

after the calculations

c=|Zzc, | (13.9)

In the symmetry Ty, 1t1S @y, # 0, therefore, from equation (3.4) we get

b
Ay = E(cl\]0 —CoJ;)#0

Cod, #CJ,. (13.10)

Because of relation (13.10) the four-vectors J and C, as given by equations (13.8) and
(13.9) cannot be parallel.

From equations (13.8), (13.9) and (3.5) we get

Co_‘]o
Cl_‘]l

P=| 2 (c,-J,)|. (13.11)
Aoy

%(Cl_‘]l)

01

From equations (2.7) and (13.8) we get
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2
0( a
JZ+ 37+ —2)+= 2 J+mic’=0
01 0‘01

(am +al )+ ol (am +al, )+ mc? =0
and with equations (13.6) we get
0+mic® =0
m, =0. (13.12)
Similarly, from equations (2.8), (13.11) and (3.6), (13.9) we get
E, =0 (13.13)

M, =0. (13.14)

The vanishing of the rest masses m, and > highlights the physical content of

equation (7.89)

o bPJ . +2Q¢,;,k,1=0,1,2,3
8xk h
J+P=C
TJ=0

The TSV can be formulated based on the selfvariation of the four-vector J %0 or,

equivalently, of P =0 through equation P=C—-J.

We note again that we formulated the TSV for J =0 in order for the material particle
to exist. If we formulate the TSV for P =0, then material particle and the STEM trade places

in the equations and the conclusions of the TSV.

From equations (13.7) and (13.2), (13.8), (13.9) emerge four sets of matrices Ty,yz50;

and corresponding four-vectors J and C, as given by equations (13.15), (13.16), (13.17):
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T =12Qa,,

T =2Qa,,

T =12Qq,,

1
-1 0 -i O (13.15)
T =12Qa,,

o
o
[EN

o
|

[N

o
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(13.16)
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¢ |- (13.17)

In the symmetry T,,pa00, itiS T, =T, =T, =T, =0 therefore, from equation (4.11) we

get A =0, and from equation (7.73) of theorem 7.5 we get

obhc?

j=—Z" L¥MC (13.18)

for the current density four-vector j of the conserved physical quantities of the generalized

particle. From equation (4.28), and considering the elements of symmetry T, ..., » We get

0 oy, 0 oy

-a, 0 -ay 0

M = (13.19)

0 ay 0 -a

From equations (13.18) and (13.9), (13.19) we get
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0 o O Oy, C,
3 obc’u|—-ay 0 -ay 0 @
=- 0
/] 0 o, 0 —ay | oy
oy 0 oy 0 Q3 c
M
L %o |
_ , _
03
Oy G +—0C
Ay
2
Ay
2 —05Cy ——=C,
j= ohcu ay,
- h a.,o
32%03
0y G — G,
0
U0
—060300 + — CO
L 01 i
2 2
(0(01 T3 )Cl
2 2 2
j=_Gbc U —(a01+a21)co
ha
01 (a01a21 — U303 )Cl
_(_amaos T 030y )Co ]
and with equations (13.6) we get
j=0. (13.20)

Consequently, there is no flow of conserved physical quantities of the generalized perticle

into the part of spacetime it occupies.
From the combination of equations (5.17) and (13.20) we get the wave equation

2
vap 4 f =0 (13.21)
OXg

for the Ty,0s30,, Symmetry. Additionally, for j=0 equation (5.24) of theorem 5.2 is fulfilled,

so from equation (5.25) we get

v2§ _8_2& —
c’ot?
(13.22)
Vi o
c’ot?
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for the field (a,m). Consequently, in the symmetries of set Q,, the generalized particle is
always in the form of the generalized photon.
In the preceeding study we denoted J the four-vector J (Q). Knowing the four-

vector J (Q)we can calculate the four-vectors J and P from equations (7.86). The T;g5m

symmetry has four versions as defined by equations (13.7). Consequently, from the
cobination of equations (7.86) and (13.7) four versions of the four-vectors J and P emerge.
The four-vectors J and P can also be calculated through equations (11.6), (11.7) and

(11.16). We note that in the T,,.3,,, Symmetry, equation (11.18) is applied since it can be

c,C, #0 .

Similarly, for every case of equations (13.7) we can calculate the USVI from
equations (4.19) and (4.20). We note that the term

! ZQAu
c

of the USVI vanishes

since in the Ty;s0,, SYymmetry itis A=0.
14. THE EMPTY SET Q. AND THE DIMENSIONALITY OF SPACETIME

14.1. Introduction

In this paragraph we prove that €, is the empty set, Q. =& . We come to this

conclusion by applying the SV —T method. We present the detailed study for the T,; 5501501

symmetry. The proof for the remaining symmetries of set

QS = {T0102033213 ’T0102033221’T0102023213’T0102321321’T0103321321’T0203321321} IS Slmllar'
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We present the analytical proof process for the rejection of the symmetries of set Q.

by the SV —T method. The analytical application of the method shows that the rejection of

these symmetries is due to the number N =4 of spacetime dimensions in which we have

formulated the equations of the TSV.
The T matrices of the external symmetry depend on the number N € N of spacetime

dimensions. We present the equations and the way in which the TSV is formulated in N

dimensions for every NeN.

14.2. The Ty, SYmmetry

The Tyypami13, SYmmetry is given by equation (7.71) for oy og,a5,04,0,, #0 and

—ay T —ay, o
(14.1)

—Qyz —O; Oy T,
Qg Ag gy @y 0yy # 0

From theorem 7.3 or, equivalently, from equations (7.20) we get T, =T, =T, =T, =0,

therefore, from equation (14.1) we get

a, 0 a a
Torosazrzr = 2Q 001 “ it (14.2)
O 0 oy
0

—Qyy O3 Oy
We note again that, according to the notation we follow, the elements in the matrices of the

sets of equation (7.83) are non-zero.

From equations (7.2) and taking into account the elements of matrix Ty,y;3,15,, We Qet,

after the calculations, equations
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A3 Q3
J,=—"2J,+—],

(04 (04
% S (14.3)
J, = % J, = _ % J,
Uz Q3

From the second of equations (4.6) for (i,v,k)=(0,1,2),(0,1,3),(0,2,3),(12,3) we get after

the calculations

o o
_ 21 — 32
J, =y =22

(04 (04
01 03 . (14.4)
Jy=-fg 4 Le g
o o

The application of the SV —T method, whether to equations (14.3) or to equations (14.4),
rejects the Ty,os313; Symmetry. We apply the method to equations (14.3).

From the second of equations (14.3) we get
U3y =y d, (14.5)
and differentiating with respect to x,,v =0,1,2,3, and taking into account equations (2.10)
and (4.4), we get

1247 (% PJ;+ ZQavsj =0y (% PJ+ ZQavlj

and with equation (14.5) we get

,,2Qc,, = a,,71Qa,

and since zQ =0 we get

Oy, = Oy X, (14.6)
Setting successively v =0,1,2,3 in equation (14.6) we get:

For v=0, a,ay =a,a,.

For v=1,

Qgp iz = Oy Ay

QgOly = Ay 1, =0
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oo, =0. (14.7)
Equality (14.7) is impossible in the Ty,g:u0,5,, Symmetry.

For v=2, aga,; =o,a,.

For v =3,

Qgpllyz = Uy 0y

a,l, =—a,0,

and we finally get

a0, =0 (14.8)
since T, =0. Equality (14.8) is impossible in the T,ys.,15,, Symmetry.

Fro the second of equations (14.3) we get a,,J, =—a,,J, and, differentiating with

respectto x,,v=0,1,2,3, we get

Apsly3 = ~ U1 - (14.9)
Setting successively v =0,1,2,3 in equation (14.9) we get:

For v=0,

O30z = — 0y &y -

For v =1,

Qa3 = =y, Oyy

a0y ==y 1, =0

and we finally get

0ty =0 (14.10)
Equality (14.10) is impossible in the Ty,33,15,, Symmetry.

For v=2,

AUz = —Ug &y, -
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For v =3,

Qpallz3 = =0y Uz

Ty = a8,

and we finally get

Oty =0 (14.11)
since T, =0. Equality (14.11) is impossible in the Tj;...5,, Symmetry.

From the first of equations (14.3) we get «,,J, = a,,J, + @,3J;, and, differentiating

with respect to x,,v=0,1,2,3, we get

A3, = O, + Qs ;. (14.12)
Setting successively v =0,1,2,3 in equation (14.12) we get:

For v=0,

Oy Qlyy = Ay + X3y

0=0+a,0y

and we finally get

a0, =0. (14.13)
Equality (14.13) is impossible in the T,,33,15,, Symmetry.

For v =1,

U3y yy = Qg + Q30
— 030y = =l + Ays 1,

U0y = Oy,
For v=2,

A3y = Aalyy T A3y,

Qg Ty = —Qpaly + 3y,
and we finally get

30 =0 (14.14)
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since oy, =0 and T, =0 inthe Ty, Symmetry. Equality (14.14) is impossible in the

To0s321321 SYMmetry.

For v =3,
Oy Qyy = Uy + X3y,

The Ty0s313; SYMmetry is rejected since it is not compatible with equations (14.7),

(14.8), (14.10), (14.11), (14.13), (14.14), which emerge from the SV —T method. It is

obvious that one of these equations suffices to reject the T35, Symmetry. However, there

is a very substantial reason for which we completed the proof, arriving at all these equations

and not just the first one.

The analytical application of the SV —T method, which we presented, showed that
the matrices T of the external symmetry depend on the number N € N of spacetime

dimensions. The only way to not have a new equation emerge during the differentiations with
respectto X,,v e {O,l, 2,3}, during the application of the SV —T method, is for the four-
vector J to be independent of X ,v e {0,1, 2,3}. Therefore, in the cases where v does not
attain all values v =0,1,2,3, the SV —T method gives the X ,v {0,1, 2,3} that the
symmetry does not depend on (therefore also the x,,k € {0,1, 2,3} on which it depends). In
equations (14.7), (14.8), (14.10), (14.11), (14.13), (14.14), all values v =0,1,2,3 appear. This

is the real reason why the Tj,o..,.5,, Symmetry is rejected. The symmetries of set Q. are

rejected in the 4-dimensional spacetime. If we could increase the spacetime dimensions and,

similarly, the number N € N of dimensions, the symmetries of set €3, would not be rejected.

In spacetimes with more than four dimensions, set Q, = {T =0} remains the same,

but the number of sets Q,,Q2,,Q,,... of equation (7.83), as well as the symmetries-elements

of the sets, are altered. The number N of spacetime dimensions defines the symmetries

contained in each set, as well as which of the sets Q,,Q,,Q,,... are rejected.

Assigning one component of momentum to each dimension of a spacetime of N

dimensions, equations (2.7) (2.8), and (3.6) are written in the form
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JE+3F+I2+..+32+mic’ =0
2

E
2 2 2 2 0 _
PO —|—P1 +P2 +..+ PN +C—2—O ' (1415)
Co+¢l +C+..+Ci +Mlc? =0
NeN

Combining equations (14.15) with equation (7.88)

EZEPkJi +ZQO{ki,k,i 20’172’3

ox, h

J+P=C (14.16)
TJ=0

we get the TSV in N dimensions. Matrix T is NxN, the N -vectors J, P and C are

column matrices, Nx1, and function z is
b
Z=exp —E(coxo+clxl+...+chN) : (14.17)
Similarly, function @ is
b
O = Kexp(—g(coxo+clx1+...+chN)j (14.18)

Following the same process we used for N =4, it is proven that all theorems of the
TSV we have formulated are valid for every N € N. The only difference is that in the place
of N=4, we have N e N. Indicatively we mention equations (3.4) and (4.10) concerning the

external symmetry, which become

b b b
A :E(Jkpi _Jipk)zi(ci‘]k _Ck‘]i)zi(ckpi _CiPk) (14.19)
k=i,k,i1=0123..N

and

T —a, =% k=012,.N (14.20)
z2Q

and the USVI where equation (4.19) becomes
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@ _do

dx, B Qdx,

o o s
o 1 o

Cc C o <
) =

c

o O O

_iZ_QAu_

o O O

i2Q

c

(14.20)
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Looking at equations (14.7), (14.8), (14.10), (14.11), (14.13) and (14.14) we find that

they all contain the physical quantity «,,. Therefore, for o, =0 the disagreement with the
SV —T testis lifted. Setting ¢, =0 in equation (14.2), symmetry T,...,,, emerges. From
equation (7.83) we see that this symmetry indeed exists in set Q, . It is the symmetry which

we studied in the previous paragraph.

From the application of the SV —T method to symmetry T, ;....5,; ,» Which we

presented above, we obtained a set of equations which were not numbered. These equations

are
Upog = Oyl
U3y = Oy Uy
Opzllpz = —Cy1 gy
Opalpz = —0y 0y
U3y = A3y
O3p0lqy = U3Ozy + O3y
from which for «,; =0, and because of ¢, =—¢,;Vi#K,i,k=0,1,2,3, we have

Azplgg = Ay Uy

Qg+ 05 =0

ab+al=0 . (14.22)
A0y = A3y

2 2
ay, +0oy, =0

It is easy proven that the equations (14.22) are equivalent with equations (13.6) of the

previous paragraph.

The correlation of matrices T of the external symmetry with the number N of
spacetime dimensions whithin which we formulate the equations of the TSV, also appears in

other paragraphs of the study we present. This correlation is expressed by equations (8.18),
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(8.19), (8.22), (8.23) and (8.30)-(8.33) for the T** symmetry. The same correlation is
expressed by equations (12.16), (12.17) and (12.38) for the T." symmetry.

The equations of the TSV apply when, in equation (14.15), at least one component of
the momentum J is non-zero. Therefore, the TSV is formulated for every N e N. By

induction we can conclude that the equations of the TSV are also valid for N — .

15. THE SET Q4

15.1. Introduction

In this paragraph we determine the basic characteristics of the Ty, ,033015; SYmmetry of
set Q. It is the only symmetry in which all physical quantities «,;,k #1,k,i=0,1,2,3 are

non-zero.

. . . E .
As is the case in the symmetries of set Q,, the rest masses m,, — and M, vanish,
c

m, = E—g =M, =0. The same is true for the four-vector j of the density of the conserved

c

quantities of the generalized particle, which is j=0. Additionally, the generalized particle is
always in the form of the generalized photon. On top of this, the Tj,;,0ss013,1 SYmmetry has
two properties not shared by any other symmetry of the set Q, UQ, UQ, UQ,. The first is

that the vectors n and t of equations (7.24), (7.23) are equal or opposite, T=4n=0. The
second property, which is a consequence of the first, is that the fundamental matrices M and

N are equal or opposite, M =+N .

In some of the equations we present, the symbol + appears. In these equations, either
all of the "up” or all of the "down™ signs apply. For T=+n the up signs apply, while for

T =-n the down.
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15.2. The symmetry To,o,05501301

The Ty000s2130 SYMmetry is given by equation (7.71) when

a; #0,vk #1,k,i=0,1,2,3
T Qy Oy Q3

—p Oy T, -—ay|. (15.1)
Oy 043 Oy T

Ol A g Cla g Uy 30y # 0

From theorem 7.3 or, equivalently, from equations (7.20) we get T, =T, =T, =T, =0,

therefore, from equation (15.1) we get

0 Uy Oy U3
-, 0 -« a
01 21 13
Tow0z0s321321 = ZQ 0 (15.2)
Qg Ay U,
A3 Qi3 Oy 0

We reiterate that, according to the notation we follow, the elements in the matrices of the sets

of equation (7.83) are non-zero.
From equations (7.2) and taking into account the elements of matrix Ty,o,0330131 WE g€t

g + 3,00, +J,04, =0

—Jo @y — J,0y + 33015, =0

: (15.3)
—Jo &g, + d,05 — J305, =0
—Jotgy = Jyay5 + 3,05, =0
We apply the SV —T method to equations (15.3). We differentiate the first
Jiay, + 3,0, + J,000, =0 (15.4)

with respect to x ,v =0,1,2,3 and, taking into account equations (2.10), (4.4) and (2.6), we

get

ay, (% PJ, + ZQOfvljJraoz [% PJ,+ onzvszroco3 (% PJ,+ zQav3j =0
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b
% P, (‘]la01 + 3,04, + 3504, )+ 2Q (amavl +apa,, + ao3av3): 0

and with equation (15.4) we get

2Q (g, + A, , + Ayt ;)= 0

and because zQ =0 we get

oy, + 0,0, + g, =0. (15.5)
Setting successively v =0,1,2,3 into equation (15.5) we get:

For v=0,

ag, +ag, +a5, =0. (15.6)
For v =1,

01y + Oy Uy + ety =0
Oy Ty — Oy Qyy + 303 =0
0—ay,a, +a5,d; =0

Apalyz = g8y

A% (15.7)
Ay Ay
For v=2,

A8y T 88y, t g8y = 0
Ay dy + aosz — 38y, = 0
Oy Oy +0— ez, =0

Qg Oy = U3llsy

Ay _ O

(15.8)

Ay O3

For v =3,
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Ol Olay + Oy Oty + Az = 0
—Qlyy Qlyy + QgyOtz, + Ol T; =0
—0ly, 0ty + 00y, +0=0
—0ty, 03 + Ay, =0

QpplOzy = Qi Uyg

P _ %3 (15.9)
Ay Oy

From equations (15.7), (15.8), (15.9) we get

P _ %3 _%a_ 5 (15.10)
Ay Gy Oy

From the second of equations (15.3) we get
iy, =30y, + 3,05, (15.11)

and differentiating with respect to x,,v =0,1,2,3 and, taking into account equations (2.10)

and (4.4), we get

27 (% PJs+ ZQ“VS) =0y (% PJo+ ZQavOj+a21 (% PJ,+ ZQavz)

b b
E P, Jsa; +2Qa 50, 5 = % P, (‘]oam + J2a21)+ 2Q (amavo + aZlaVZ)

and with equation (15.11) we get

2Qa,c1,5 = 1Q (&t + 02, ;)

and because zQ =0 we get

O30 = OOy + 0, (15.12)
Setting successively v =0,1,2,3 in equation (15.12) we get:

For v=0,
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O30z = Oy Aoy + Oy Ay
Qa3 = Ay Ty + Ay Oy
Q3053 =0+ a0,

Q33 = Uy Uy

a_ay
A Ay

which is equation (15.7).

For v=1,

Q303 = Ay Oy + Oy
2 2 2
Q3 =0y — 0y

2 2 2
O3+ 0y =—Qyy

2 2 2
oy +og+a, =0.
For v=2,

O3y = Uy Ay + Xy Ay
Qy3llyy = Oy oy + Ay Ty

U30o3 = Cp Uy
Az = Oy Oy -
For v =3,

O3y = Uy Ay + Ay Ay
Q3T = =0y 0y + gy,

0=—ayudy +a,a,

Oy Uz = Ugp ;-

From equations (15.6), (15.10), (15.13), (15.14) and (15.15) we get

P _ %3 _ % _

Qo Cyp O3

2 2 2 2 2 2
Qyy + gy + 03 = Ay + g+t =0

(15.13)

(15.14)

(15.15)

(15.16)

Similarly, the application of the SV —T method to the third and fourth of equations (15.3),

always gives either one of the first or one of the second of the equations (15.16).

166



From equations (15.16) and (7.23), (7.24) we get

T=dn=#0
Az Oy
a, |=%E| oy, | (15.17)
Uy, Q3

From equations (15.2) and (15.16) we get

0 Aoy Ay, Qo3

—Cy 0 Foy *og, (15.18)

T010203321321 =12Q I 0 _ .
Oy T3 +y

—Q Fa, Foay 0
Equation (15.18) gives the two mathematical expressions of matrix Ty, o,03301301 -

From the second of equations (4.6) for (i,v,k)=(0,1,2),(0,1,3),(0,2,3),(1,2,3) we

get

Joay, + 3,00, + 3,05, =0
Joays +d50 +J,05, =0
Jo@ys + 330, + 3,0, =0

1@y + 30, + 3,05, =0

0@y + 3,00, — i, =0
Joays + J,a4 — J10, =0 . (15.19)
—Jo Qg + 330, — 3,0, =0

—J10, — 305 — 043, =0
It is easy to prove that equations (15.19) and (15.3) are equivalent if we consider the first of

equations (15.16). Consequently, for the calculation of the momenta J,, J,, J,,J, we have at

our disposal four independent equations.

Equations (15.19) constitute a 4x4 linear homogeneous system with the momenta

Jo,J1,J,,J; as unknowns. The determinant, as well as all the 3x3 subdeterminants of the

system are equal to zero, while the 2x2 subdeterminants are non-zero. Consequently, there
are two independent variables in the sytem. If we consider as independent variables the

momenta J,,J; we get the solution
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a a
% % (15.20)
J,=-Zey Zay
2%7) 32
P 0]
0 1
3=, L= |4y | L (15.21)
U3 A3
Ay Ay
| O3 | | O3y

From the first of equations (4.6) for (i,v,k)=(0,12),(0,1,3),(0,2,3),(12,3) we get

Coyy +Cygy + Gty =0
o3 +Cay + €y, =0
Coy3 + C3ty, +Cotzy =0

C&y3 +C3ty, +Cy005 =0

—CyQly; +Cy0y —Cixy, =0
Coy3 +Catty, —Ct; =0 (15.22)
—CyQlay +C30, —C,p3 =0

—C\Qlgy —Cy0ly —Cy3 =0

Equations (15.22) constitute a 4x4 linear homogegeous system with the constants

C,,C,;,C,,C; as unknowns. System (15.22) has the constants c,,c,,c,,C, in place of the

momenta J,,J,,J,,J;. Thus, it gives the solution corresponding to equation (15.19)

1 0
0 1
C=c, % e, % (15.23)
32 32
Oy Oy
| O3 | O3

where c,,c,, are independent parameters.

In the Ty o,053150 SYmmetry itis a,; =0, Vk =i,k,i=0,1,2,3, therefore, from

equations (3.4) and (4.4) we get

168



cJ, #¢J,, vk =ik, i=012,3. (15.24)
From relation (15.24) for (k,i)=(0,1) we get

Cod, #CJ,. (15.25)
From relation (15.25) emerges that the four-vectors J and C of equations (15.21) and

(15.23) cannot be parallel.

The four-vectors J and C have additional mathematical expressions other than
(15.21) and (15.23). These expressions emerge if we allow two other pairs of free parameters
in systems (15.19) and (15.22). All the mathematical expressions arising from the systems

(15.19) and (15.22) are equivalent to each other. The four-vector P is calculated from

equation (3.5)
P=C-J (15.26)
and equations (15.21) and (15.23).

From equation (2.7) and equation (15.21) we get

2 2
a a a, a
JZ+3} +££J0 +£Jlj +£—ﬁJo+iJlJ +mic? =0

127) A3 A3 U3
al, a? 20,
JZ+J7 + o BIF+BIF+ 8] ],
asz A A3

JoJ, +mic? =0

aoz Rk 2 a21 J; 2 20‘02“21
2
0532 0532 A3

and since, as follows from equation (15.16), is is ey, = @y, , We get

2

a? al ol
J+J+ BIZ+ B +7232+ 23 +mic? =0
asz 2%y A3 asz

1 2 2 2 2 2 2 2 2 2.2
Py (JO (a32 +a5,+ag, )+ J; (a32 + o, + a21))+ myc” =0
32
and since, as follows from equation (15.16), is is «,, = ta,,, We get
1 2 2 2 2 2 2 2 2 2.2
Py (JO (0501 +a5,+ag, )+ J; (a32 + o, +ay, ))+ myc” =0
32

169



and with equations (15.16) we get

0+mic® =0

m, =0. (15.27)
Similarly, from equations (3.6) and (15.23) we get

M, =0 (15.28)
and from (2.8) and (15.26) we get

E, =0. (15.29)

We note again that we formulated the TSV for J =0 in order for the material particle
to exist. If we formulate the TSV for P =0, then material particle and the STEM trade places

in the equations and the conclusions of the TSV.

In the preceding study we denoted J the four-vector J (Q) Knowing four-vector

J (Q) we can calculate the four-vectors J and P from equations (7.86). The calculation of

the four-vectors J and P can also be made through equations (11.6), (11.7) and (11.16). We

note that in the Ty, 0,035, SYMMetry, equation (11.18) applies, since it can be c,c, #0.

In the symmetry Ty, 0,033 1t1S T, =T, =T, =T, =0, therefore, from equation (4.11)

we get A =0, and from equation (7.73) of theorem 7.5 we get

2
j:-"zc LPMC . (15.30)

Taking into account equations (15.16) we get from equations (4.28) and (7.3) equation
N=+M (15.31)

for the fundamental matrices M and N in the Ty,,03313,; SYmmetry. From equations (15.30)

and (15.31) we get

2
j—+ 0:‘3 LPNC

and with the first of equations (7.4) we get
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j=0 (15.32)

for the current density four-vector j of the conserved physical quantities of the generalized

particle. Equation (15.32) satisfies equation (5.24) of theorem 5.2, therefore, equations (5.23)
and (5.25) of the theorem hold:

o*Y

V2 + =0 15.33
ox; ( )
ng_ 62& _
c’ot’
2 (15.34)
(Q)]
Ve - 2ot =

for the Ty 00131 SYmmetry. Consequently, in the symmetry of set Q. , the generalized

particle is always in the form of the generalized photon.

From equation (5.29) of corollary 5.3 and equation (15.32) we get

M{a_‘*’}:o
OX

and with equations (4.28) and (5.28) we get

e
0%,

0 Ay A Oy || OF 0
oy 0 -y ooy || OX _ 0
&y Oy 0 —a,| oY 0
@y T3 Oy 0 X, 0

oY
ox,
oY oY oY
Qo —— T Qg ——+ Upg 0
0 0X, OX,
oY oY oY
Oy Uy~ T 0
0Xq 0X, 0Xq
oY oY oY (15.%5)
aoza_+a21__a32 ——=0
Xo 0%, 0%,
oY oY oY
o Ot =0
0%, 0X, OX,
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Equations (15.35) constitute a 4x 4 linear homogeneous system with unknowns

o ,k=0,1,2,3. The determinant as well as all of the 3x3 subdeterminants of the system

k
are zero. The 2x2 subdeterminants of the system are non-zero. Therefore, there are two

independent variables in the system. If we set 8_‘1"8_‘{' as independent variables, we get the

solution

¥ o ¥ g ¥
X, g OXy Qg OX

Y _ oY @, 0¥
28 Qs Oy Oy OX

and with equations (15.16) we get

Y _ oY oy dY
X, Ay 0% Ay OX . (15.36)
oV _a,d¥Y oandY
—=F—=— 4+ —
28 Oy Ky Oy O%
Now the calculation of 6—\116—\11 is performed through equation (5.3)
My 0%y

oY b b
87 = %(ﬂ\lo +ﬂP0 )lP = %((ﬂ, _IU)JO +IUC0 )\P
5 ° (15.37)
v 9(/1J1 +uP)¥ = 9((/1—y)J1 + puc, )V
ox, h h
where we necessarily introduce the degrees of freedom A, i of the TSV.

From equations (7.26), (7.27) and (15.17) we get
§=+ico

i (15.38)
0= -T—E(i

for the symetry Ty,0.033130, - Fi€ld @ emerges from field & through rottation by angle $%,

considering vectors & and @ on the complex plane. The sign of angle % is opposite from the

one in equation (15.17), according to the way in which we use the + symbol.
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Field a is given by equation (4.14), while for field p we get

Ao,
B=xz| oy,

0[03
from the combination of equations (4.15) and (15.17). Taking into account that A =0 we get
from equation (4.19)

-1
0 o Ay A3 14y
— C
dJ d - 0 Fa,. o
al _ Q +20 01 03 02 i, (15.39)
dx, Qadx, -a, *oa, 0 Foy o
—Oy; Fly Fay 0 iu
_—3
L C

for the USVI of the Ty, p,0am0131 SYmmetry.

We have studied one symmetry from every set Q;,Q,,Q,,€,,Q,,Q.,Q,. We did not

dedicate a special paragraph to the study of set Q, since we have studied the T;,,, symmetry

as an example in paragraph 7. The study of the symmetries we presented constitutes a

prototype for the study of the rest of the symmetries of set Q,,Q,,Q,,Q,,Q,,Q,,Q,.

16. THE COSMOLOGICAL DATA AS A CONSEQUENCE OF THE THEOREM OF
INTERNAL SYMMETRY

16.1. Introduction

The theorem 3.3., that is the theorem of internal symmetry, predicts and justifies the

cosmological data. We present the relevant study in this paragraph.

The emission of the electromagnetic spectrum of the far-distant astronomical objects
we observe today has taken place a long time interval ago. At the moment of the emission the
rest mass and the electric charge of the material particles had smaller values than the

corresponding ones measured in the laboratory, “now”, on Earth, due to the manifestation of
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the Selfvariations. The consequences resulting from this difference are recorded in the

cosmological data. The cosmological data have a microscopic and not a macroscopic cause.

Due to the Selfvariations of the rest masses of the material particles the gravitational
interaction cannot play the role attributed to it by the Standard Cosmological Model (SCM).

The gravitational interaction cannot cause neither the collapse, nor the expansion of the

universe, since it decreases on a cosmological scale according to the factor . The

1+ z,

gravitational interaction exercised on our galaxy by a far-distant astronomical object with

redshift z, =9 is only the % of the expected one. The universe is static and flat, according

to the law of Selfvariations.

16.2. The Cosmological Data as a Consequence of the Theorem of Internal Symmetry

For a non- moving particle, that is for J, =J, =J, =0, from equation (3.12) we get

thatc, =c¢, =¢, =0 and from equation (3.9) we obtain
b
®=K exp(—gcoxoj
and since X, =ict, we have
® =K exp(—ﬁtJ
h
and from equation (3.10) we obtain

m,=m,(t)==% M, : (16.1)

1+ Kexp(—'c;l:otj

The rest mass m, of the material particle is a function of time t .

We now denote by k the constant

icc,
h

k:

174



and from equation (3.5) we have

k=_1C W+E (16.2)
h h

We also denote by A the time-dependent function
A=A(t)=-Kexp(kt)=—®. (16.3)
Following this notation, equation (16.1) is written as

M,

m,=my(t)== . 16.4

=M (1) =42 (164
From equation (16.3) we have

A _Acka (16.5)

dt

for the expression of the parameter A= A(t). Similarly, using the above notation equation

(3.11) is written as

E,=E,(t)=7 . (16.6)

We consider an astronomical object at distance r from Earth. The emission of the

electromagnetic spectrum of the far-distant astronomical objects we observe “now”’on Earth

has taken place before a time interval 6t =t - From equation (16.3) we have that the
C

parameter A obtained the value

A= A(r)= A(t)exp(_kij

c

and from equation (16.4) we have

m,(r)== M, _
1—Aexp(—kCJ

Similarrly from equation (16.6) we have

(16.7)
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Mocerxp[—k ;j

E,(r)=7F . (16.8)
1- Aexp(—k )
c
From equations (16.4) and (16.7) we have
my(r)=m, 1-A : (16.9)

1- Aexp(—k r]
C

We can prove that for the electric charge q of the material particles an equation

analogous to equation (16.7) is valid. From equation (4.2) we derive an equation

corresponding to equation (16.9), which is the following equation

1-B
a(r)=q < (16.10)
1—Bexp(—klj
c

The fine structure constant « is defined as

q2
a= (16.11)
4re,Ch

and using equation (16.10) we obtain

2

a(r)= 1-B : (16.12)

1-Bexp (—kl (r:j

The wave length A of the linear spectrum is inversely proportional to the factor m,q*,
where m, is the rest mass and ¢ is the electric charge of the electron. If we denote by A, the

wavelength of a photon emitted by an atom “now”on Earth, and by A the same wavelength of

the same atom received “now” on Earth from the far-distant astronomical object, the

following relation holds:

A __ mgq’
d my(r)a‘(r)

and from equations (16.9) and (16.10) we obtain
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4
1- Aexp(—k rj 1-B exp(—k1 rj
_ ¢ /. (16.13)

From equation (16.13) we have for the redshift
A A

R
of the astronomical object that

4
1—Aexp(—krj 1—Bexp(—klrj
_ c | 1. (16.14)
1-A 1-B

z

Equation (16.14) can also be written as

1—Aexp(—krj 2
7= ¢ ( d J—l (16.15)
a(r)

after considering equation (16.12).

From the cosmological data and from measurements conducted on Earth, we know
that the variation of the fine structure constant is extremely small. Therefore, from equation
(16.15), we obtain with extremely accurate approximation

1- Aexp(—k rj
C
-1
1-A

=
_kr
z=ﬁ[l—e ] (16.16)

Equation (16.16) holds with great accuracy. The variation of the fine structure constant is so
small, so that any contribution t redshift is overlapped by the same contributions from the far-

distant astronomical objects, due to Doppler’s effect.

For small distances r, we obtain from equation (16.16)
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and comparing this with Hubble’s law
cz=Hr
we get

KA _ | (16.17)
1-A

where H is Hubble’s parameter.

From equation (16.17) we have

dH o KA(L-A)+kAA
dt (1-A)
g k A :

(1-A)

and with equation (16.5) we obtain

K?A
(1-A)

=

2

and from equation (16.17) we have

* H
H=— . 16.18
X (16.18)
mC2 2
For —2—>0n E°2<0 or mOCZ<O/\ E°2>Owehave
M,c M,c M,c M,c
2
m,c”  E, <
M,c?* M,c?

and with equations (3.10) and (3.11) we have
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()]
(1+0)

<0

2

®<0
and with equation (16.3) we finally get

d<0

: (16.19)
A=-Dd>0
From equation (16.17) we have

£>0
1-A

and considering relation (16.19) we get two combinations for the constant k and the

parameter A:

0<A<lAk>0<=0<1+D<1nk>0
A>1IAk<0<1+D<0Ak<0 '

(16.20)
From equations (16.7) and (16.8) it follows that the sign change of the constant k is
equivalent with the interchange of the roles of the rest masses m, and % . Hence it suffices
to present the conclusions resulting from the first case of (16.20).

For k > 0for equation (16.16) we have

limz =2 (16.21)

roo 11— A

The redshift has an upper limit which depends on the value of the parameter A, even in the

case that the universe extends to infinity. In the case the universe has finite extension, let

I« = R and from equation (16.16) we have

i
z =ﬁ[1—e c J (16.22)

Thus redshift has a maximum value. The upper redshift limit of equation (16.21) and z,, of

equation (16.22) are almost equal. Hence in the following we will use equation (16.21).

From equations (16.16) and (16.5) we get after the calculations
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dz - KA K
—=7= >|1-e °
dt (1-A)

and with equation (16.17) we have

. L
z:i l-e ¢ :Ez>0. (16.23)
1-A A
Thus the redshift of far distant astronomical objects increases slightly with the passage of
time.
According to equation (16.21) it is

A
I<——
1-A

and because of 1— A>0 we have

L<A
1+7z

and because of A <1 we have

z

—— < A<1. (16.24)
1+z

From the inequality (16.24) it follows that
AT . (16.25)
We prove now that as A —1" the equation (16.16) tends to Hubble’s law cz =Hr . Let

X = % then x > 0" for A—1 , while from equation (16.17) we get k =xH and

equation (16.16) may be written as

-]

Hence we get

. .1 Hr Hr
limz=Ilim=|1-exp| -x—||=—.
A1 x—0" X C C
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From relation (16.5) follows the conclusion that

dA

“2_KkA>0. (16.26)
dt

Thus the parameter A increases with the passage of time. Hence according to the

forementioned proof, the equation (16.16) tends to the Hubble law with the passage of time.
Combining equations (16.9) and (16.16) we have

_ mO
1+z

m, (2)

(16.27)

The equation (16.27) has multiple consequences on cosmological scale.
According to equation (16.27) the gravitational interaction between two astronomical

objects is smaller than expected by the factor % . The redshift z depends on their distance
+z

r as given in equation (16.16). This is the redshift that an observer on one object would

measure by observing the other object.

For the solar system or for the structure of a galaxy or a galaxy cluster, equation
(16.27) has no consequences. On this distance scale we practically have z =0. However we

can seek consequences on this scale from another equation. From equation (16.4) we have

dm, :rﬁO:J_r MOA2
dt (1-A)

and from equation (16.4) we have
A

=M

and with equation (16.5) we get

m, kA

m, 1-A

and with equation (16.17) we get
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Mo _ H (16.28)
mO

for the rest mass of the electron.

Equation (16.28) concerns the mass m, =m, (t) Therefore its consequences can be

found in our galaxy or even in the solar system. We notice that the value of the Hubble
parameter H is probably smaller than the one accepted today, but we will not continue the
analysis to this matter in this publication. In any case the experimental verification of
equation (16.28) requires measurements with sensitive instruments of observation. For the

conduct of these measurements equation (4.19) of the USVI must also be taken into account.

Equation (16.27) has important consequences on cosmological scale distances. For
such distances the gravitational interaction diminishes quickly and beyond some distance it
practically vanishes. It has however played an important role for the creation of all large

structures in the universe.

As we will see further down, the very early universe differed only slightly from
vacuum. The gravitational interaction strengthens with the passage of time, as the rest masses
of material particles increase. Moreover, its strength depends on distance as predicted by the
law of universal gravitation, but also for cosmological distances, as predicted by equation
(16.27). Both these factors played an important role for the creation of all large structures in
the universe and have not been both accounted for in the interpretation of the cosmological
data via the SCM.

From equations E = mc?® and (16.27) we have
E(z)=—. (16.29)

In every case of transformation of mass to energy. The production of energy in the universe is
mainly achieved via hydrogen fusion and nuclear reactions. Therefore the energy produced in
the past in the far distant astronomical objects was smaller than the corresponding energy
produced today in our galaxy through the same mechanism. This fact has two immediate

consequences.

The first is that equation (16.16) is valid for the redshift z, of the radiation which
stems from accelerated / decelerated electrons
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_kr
7 =ﬁ(1—e c J | (16.30)

And hence for the continuous spectrum. Similar mechanisms which accelerate electrons in
our galaxy and in far distant astronomical objects do not give the same amount of energy to
the electrons. According to equation (16.29) the energy which is supplied to the electrons in

far distant astronomical objects is less than the corresponding energy in our galaxy.

The second consequence concers the luminosity distance D of far distant astronomical
objects. The overall decrease of the energy produced in the past, due to equation (16.29) has
as consequence the overall decrease of luminositites of distant astronomical objects. From the
definition of the luminosity distance D it follows easy that

D=rJl+z . (16.31)

Between the distance r of the astronomical object and the distance D measured from its
luminosity. The luminosity distance D is measured always larger than the real distance of the
astronomical object. The real distance r of the distant astronomical object is given by eq.

c A
r= X In (m] (16.32)

which follows from equation (16.16). The distance measurement from equation (16.32) can
be made if we know the constant k and the parameter A . Generally, due to equation (16.17)

it suffices to know two of the parameters k, A,H .

The ionization energy as well as the excitation energy X , of atoms is proportional to

the factor m,q*, where m, is the rest mass and q the electric charge of the electron. Hence we

get
f0.50(1)

Xo (1) _ mo(r)[a f)JZ

Xy m,

and because of
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o

we have

Xy (r) _my(r)
Xn mO

X X 1+z
X, (r)=X,(z)= Xy . (16.33)
! " 1+z

From equation (16.33) we conclude tha the ionization and excitation energies of atoms
decrease with inceasing redshift. This fact has consequences on the degree of ionization of
atoms in the distant astronomical objects

The number of excited atoms in a gas in a state of thermodynamic equilibrium is

given by Boltzmann’s eq.

N g X
—n _Inayn| 200 16.34
N, g, p[ KT) (1639

where N, isthe number of atoms at energy level n, X the excitation energy from the the

1% to the n' energy level, K =1.38x10JK ™ Boltzmann’s constant, T the temperature in

degrees Kelvin, and g, the multiplicity of level n, i.e. the number of levels into which level

n is split apart inside a magnetic field.

Combining equations (16.33) and (16.34) we get

N, g X
0L ==Nexp| ——2—|. 16.35
N, g p[ KT (1+ Z)J ( )

For the hydrogen atom for n=2, X, =10.5eV =16.4x10"°J, g, = 2,g, =8and at the surface

of the Sun where T ~6000K equation (16.34) implies that just one in 10° atoms is at state
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n=2. Correspondingly from equation (16.35) and for z =1 we have % =2.2x10™*, for
1

z =2 we have &:5.8><10*3, and for z=5 we have %:0.15.
1 1

Considering eq. (16.21) we get from equation (16.33)
X, (r—>w)=X (1-A). (16.36)

Considering relations (16.24) and (16.25) we conclude that the ionization and excitation
energies of atoms tend to zero in the very early universe. The universe went through an

ionization phase in its initial phase of evolution.

The laboratory value of the Thomson scattering coefficient is given by equation

4

_8z 4
3 mic!

(16.37)

Ot

where m, the rest mass and g the electric charge of the electron. Thus we have

Géﬂz):(mﬂc’z)ﬂa?z)f

and because of «(z)~a we get

= (mmuj

and with equation (16.27) we have

or(2) _ (1+2). (16.38)

O7

The Thomson coefficient concerns the scattering of photons with low energy E . For
photons with high energy E the photon scattering is determined from the Klein-Nishina

coefficient :

o=35 Mol ;n| 2E |11 (16.39)
8 E m,C 2
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in the laboratory and

O'(Z)=§GT(Z) mo(Z)(_;2 |:|n[ 2E(2)2]+l:| (16.40)

E(z) m,(z)c® ) 2

in astronomical objects with redshift z . From equations (16.27) and (16.29) we have

my(z) _m,
E(z) E

o

hence from equation (16.40) we get

o(2)=20: (1) {'”[ﬁ}ﬂ

and with equation (16.38) we have

o(2) ZGT_(Z)=(1+ 2, (16.41)

o o

From equation (16.41) we conclude that the Thomson and Klein-Nishina scattering
coefficients increase with redshift and indeed in the same manner. Considering equation
(16.21) we have
o(r->w) o (row) 1

o o (1-A} (1642

Considering equations (16.24) and (16.25) we conclude that the Thomson and Klein-Nishina
scattering coefficients had enormous values in the vary early universe. In its initial phase the
universe was totally opaque. From this initial phase stems the cosmic microwave background

radiation (CMBR) we observe today.

The internal symmetry theorem (3.3) predicts that the initial universe was at a
‘vacuum state’ with temperature T =0K . Due to the Selfvariations the universe evolved to
the state we observe today. This evolution agrees with the fact that the CMRB corresponds to

a black body radiation with temperature T ~2.73K .

Combining equations (3.11) and (16.3) we have in the laboratory
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L i=0,12,3
t) !

3(r)=—a = 5 i=0123

1- A(t —r) 1- Aexp(—krj
C C

for an astronomical object at distance r, and combining these two equations with equation
(16.9) we get

Ji(z) 1

J; 14z
J.(z):i,i=0,1,2,3. (16.43)
' 1+7z

From the Heisenberg uncertainty principle for the axis x, = x we have
JAX ~h
in the lab, and
Ji(2)Ax(z)~n
for the astronomical object, and combining these two relations we get
J,(z)Ax(z) = J,Ax
and with equation (16.43) we have

AX(z)=(1+2)Ax. (16.44)

From equation (16.44) we conclude that the uncertainty Ax(z) of position of a

material particle increases with redshift. Moreover as the universe evolved towards the state

we observe today, the uncertainty of position of material particles was decreasing.
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From equations (16.44) and (16.21) we have

AX

(16.45)
Considering relations (16.24) and (16.25) we conclude that in the very early universe there
existed great uncertainty of position of material particles. The same conclusions arise for the
Bohr radius. The TSV is agrees with the uncertainty principle. In the next paragraph we will
see that the uncertainty of position of a material particle is one more consequence of theorem
3.3.

From equation (16.33) it follows that as the universe evolved to the state we observe
today the ionization energy increased. This prediction is generally valid for any kind of
negative dynamical energies which bind together material particles to produce more complex
particles. From equation (16.27) we have

Am,c?

A 2= 16.46
m(z)e” = 2% (16.46)

for the energy Am,c?, the mass deficiency, which ties together the particles which constitute

the nuclei of the elements. According to equation (16.46) the energy Am,c?, like the

ionization energies, increased as the universe evolved towards its present state.

Particle like the electron, which today are considered fundamental may in fact be
composed of other particles. Our inability to break them apart could be due to the

strengthening of the binding energies of the constituent particles. The mass M, in equation

(3.10) has many chances to the only realy fundamental rest mass, from which the masses of

all other particles are composed.

From equations (16.27) and (16.21) we have
m, (r —>o)=m,(1-A)=0. (16.47)

Considering the relations (16.24) and (16.25) we conclude that, towards the initial state of

the universe, the rest masses of material particles tend to zero:
m, (r > o0)=m, (1- A) - 0. (16.48)

From equation (16.8) we have
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E,(r —>w)=0. (16.49)

According to the relations (16.48) and (16.49) the initial state of the universe slightly differed
from vacuum. The same conclusion arises in the case the universe is finite, taking

I« = R <ooinstead of the condition r — c we have used.

We have studied the case of J, =J, =J, =0 inequation (3.12) in order to bypass the

consequences on the redshift produced by the proper motion of the electron. Thus, from

equation (3.6) we obtain

(16.50)

From equation (16.17) we obtain that the constant k obtains an extremely small value.

Therefore, the same holds and for the rest mass M,, as a result of equation (16.50).

From equation (16.5) we conclude that the parameter A varies only very slightly with the
passage of time. The age of the Universe is correlated at a greater degree with the value of the
parameter A we measure today, and less with Hubble’s parameter H . In any case the two

parameters Aand H are correlated via equation (16.17).

With the exception of equations (16.16) and (16.32), the TSV equations for
cosmology do not depend on the values of the parameters k, A and H . They solely depend
on z, which is accurately measured. Equation (16.27) allows us to express all the
fundamental astrophysical equations as a function of z . For measurements with higher
accuracy, and whenever allowed by the observation instruments, we have to consider
equations (16.10) and (16.12).

The redshift in equation (16.14) comes from the selfvariations of the rest mass and the
electric charge of the electron. The redshift in the main volume of the linear spectrum we
observe from distant astronomical objects, is actually caused by this effect. Today, however,
we have the capability [16] to perform high sensitivity measurements of the effects of the

Selfvariations. The structure of matter predicted by TSV must be taken into account in these
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measurements. The fundamental rest mass M, of equation (16.50) is by far smaller than the
neutrino mass. Neutrinos, not to speak of other particles, have internal structure. This
structure could influence the sum W +E in the right part of equation (16.2). In such a case,

we will obtain a different value for the constants k and c, for different material particles.

Writing equation (16.2) in the form

iC W +E
kp =——F=——— (16.51)

we can introduce an index “ p ” in the equations of this paragraph. Every index “ p ”
corresponds to a specific particle when the right part of equation (16.2) is not constant.

The measurements we perform on a cosmological scale depend on the physical

quantity

LR S (16.52)

The main volume of the linear spectrum we get from distant cosmological objects comes
from the process of atomic excitation/relaxation, thus the Hubble parameter H as given by
equation (16.17)

A
1-A

expresses the consequences of the selfvariation of the electron rest mass. In equations
(16.14), (16.16), (16.22), (16.32), (16.33), (16.35), (16.41) and (16.42) the rest mass of the

electron comes into play. Therefore, these equations are unaffected by equation (16.51).

The energy of the y radiation that comes from nuclear reactions, and not from

accelerated/decelerated electrons, depends on the particles that take part in the reaction.
Consequently, their energy depends on equation (16.51). In this case equation (16.9) takes the

form

m, (r)=m, ? - (16.53)
1-A, exp(—kp cj

and considering that
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and we finally get

7 = (1 exp[ kT (16.54)
T1-A "c)) '
For relatively small distances, from equation (16.54) we get
k
Z =P_AP£:H E. (16.55)
7 1-Ajc Pc

Correlating a source of y radiation from nuclear reactions with a galaxy, we can compare the
z and z, redshifts. From this comparison we can draw important conclusions about equation

(16.51) as well as about the predictions of the TSV. We note that the SCM, in explaining the
redshift through the hypothesis of universal expansion, does not predict any difference

between the z and Z, redshifts.

Equation (16.28)
Mo _h
mO

holds for the rest mass of the electron. For other particles it is written in the form

Mo _ 2% _py (16.56)
mO

The mass of the electron represents a small part of the mass of the atom. Therefore, in
measurements based on the gravitational interaction, the consequences of the mass

selfvariation are governed by equation (16.56).
The rest mass m, , of the hydrogen atom is
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mO,H = mo,p + mO,e (1657)

where m, , and m, . the rest mass of the proton and the electron respectively. From equation

(16.57) we have

Mo,xn = Mo,p+ Mo,

and with equations (16.56) for the proton and (16.28) for the electron we have

Mo = H m, , +Hm, . (16.58)
From equations (16.57) and (16.58) we have

MoH H me,p + Hmo,e

mO,H mO,p + mO,e
and considering that today it is

My, =5.4x107m, |

we have
Moy  H,My, +Hx54x10"m,
Mo m,, +5.4x107"m, |

m, , moyp(Hp+5.4><10’4H)
m

O:H m, , (1+5.4x10™)

. H +54x10*H
mox _ Hyp ~ —=H_ +54x10"H. (16.59)
My 1 1+5.4x10 P

From equation (16.59) we conclude that the ratio

Mo,H
My

of the hydrogen atom depends on the relation of the parameter H  for the proton with the

Hubble parameter H . Similarly we obtain
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Mo.a :ng +(1_§an + 254510 H (16.60)
Mya A A A

for any atom, where Z is the atomic number and A is the nucleon number of the atom.

Equations (16.59) and (16.60) is valid for relatively small distances, up to a few hundred kpc

. For larger distances we have to repeat the procedure of the proof using equations (16.9) and
(16.53) instead of (16.28) and (16.56).

Equation (16.51) affects equations (16.27) and (16.29), which are written in the form

m, (2, )= 1T§ : (16.61)
E(z7)=1+EZ . (16.62)
/4

The energy produced in the past at distant astronomical objects was smaller than the
corresponding energy produced today in our galaxy. The production of energy in the universe
is mainly through hydrogen fusion and nuclear reactions. Therefore, equation (16.62) is of
greater accuracy than equation (16.29). Nevertheless, the selfvariation of the electron’s rest
mass played a defining role in the energy produced in the past at distant cosmological objects.
This is due to the fact that the fundamental astrophysical parameters depend on the rest mass

of the electron. These parameters, therefore, depend on the redshift z, and notonthe z,,

according to equations (16.33), (16.35), (16.36), (16.41) and (16.42). The most characteristic

example concerns type I, supernovae. The value of the rest mass of the electron, given as a

function of the redshift z from equation (16.27), plays a defining role at all phases of

evolution of a star undergoing type I, supernovae. In any case it is obvious which of the

performed measurements are affected by redshift z and which by z, .

It is very likely that there exists a small set of elementary particles with rest masses

kK h
MOZL

2

and not just one elementary particle of rest mass

kh
MO :C—z.
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It seems improbable that the sum W + E on the right side of equation (16.2) is not affected

by the internal structure of the generalized particles.

All of the presented consequences of theorem 3.3 are recorded within the
cosmological data [17-27]. For the confirmation of the predictions of the theorem for the
initial state of the Universe the improvement of our observational instruments is demanded.
We also recommend evaluating the data recorded in CMRB, based on the equations of the
TSV.

In the observations conducted for distances of cosmological scales, we observe the
Universe as it was in the past. That is, we observe directly the consequences of the
Selfvariations. We do not possess this possibility for the distances of smaller scales. The
cosmological data are the result of the immediate observation of the Selfvariations and their

consequences.

17. OTHER CONSEQUENCES OF THE THEOREM OF THE INTERNAL
SYMMETRY. THE SET Q

17.1. Introduction

The consequences of the theorem of the internal symmetry cover a wider spectrum,

than the one already stated for the cosmological data. In these, the consequences of the

dependence of the function ® on time x, =ict are recorded. The function ®, according to
equation (3.9), is a function of the set of the coordinates X,, x;, X,, X, and also of the constants
C,,C,,C,,C,. Therefore function ® may change as a consequence of the change of the
constants c,,c,,C,,C,. In this chapter we study the conditions under which such a change can
be. We come to the conclusion that the alteration of the constants c,,c,,c,,c, implies an
uncertainty of position of the material particle.

The uncertainty of the material particle is predicted from the egs. of the TSV for other
reasons as well. When the constant b of the law of Selfvariations is not a real number, when

beC—-R, the egs. of the TSV do not determine the position of the material particle in

spacetime.
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17.2. Other Consequences of the Theorem of the Internal Symmetry . The set Q

The function @, according to equation (3.9), is a function of the set of the

coordinates and also of the constants X,, X, X,, X;,¢C,,C;,C,,C, and given as
b
D (Xg, Xy, X514 X3, G4, €1, C,, € ) = K exp _E(COXO +C,X +CyX, +CyX3 ) | - (17.2)

As in the previous paragraph, we refrain our study in the case of ®#—-1Ad =0, as included

in theorem 3.3. This case is equivalent with the relations C =0 and P = Qrespectively.

Equations (3.10) and (3.11) express the rest mass m, of the material particle and the

rest energy E, as a function of @

m, = il'l"zp (17.2)
®dM c?

E, = iﬁ (17.3)

E, + m,c* =+Mc?. (17.4)

In these equations the only constant is the rest mass M of the generalized particle.
Additionally the rest masses m, and E, depend on the constants c,,c,,c,,C,, according to
equations (17.2), (17.3) and (3.9), in the following sense: For a constant rest mass M, of a
generalized particle there are infinite values of the constants c,,c,,c,,C,, i.e. infinite states of

the 4-vector C, for which equation (3.6) is valid:
CZ+C7+ci+ci =-MZc?. (17.5)

According to equation (3.12) the different states of the 4-vector C are equivalent with the
ability of the material particle to have different momentums at the same point A(X,, X;, X,, X; ) .

Therefore the evolution of the generalized particle depends on all physical quantities

Xo1 X1, X5, %5, €y, €1, C,, C; . We now deduce corollary 17.1 of theorem 3.3.

Corollary 17.1. *" The only constant physical quantity for a material particle is its total rest

mass M, . The evolution of the Universe, or of a system of particles, or of one particle, does
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not depend only on time. Its evolution is determined by the Selfvariations, as this

manifestation is expressed through the function ®.””

Proof. Corollary 17.1 is an immediate consequence of theorem 3.3.o

According to corollary 17.1, each material particle is uniquely defined from the rest mass M,

of equations (17.2) and (17.3).

From equations (2.4), (2.5) and (3.5) , and since it holds that x, =ict, we can write

the function @ in the form
D =D(t,%, %, % )=K exp(—%[—(w +E)t+c% +C,X, +03x3]j (17.6)

with the sum W + E = —icc, being constant. This equation gives @ as a function of time t ,

instead of the variable x, =ict .

In the afterword we present the reasons, according to which the TSV strenghtens at an
important degree the Theory of Special Relativity [28-29]. In contrast, the theorem of internal
symmerty highlights a fundamental difference between the TSV and the Theory of General
Relativity. According to equations (17.1) and (17.2), the physical quantity, which is being
introduced into the equations of the TSV and remains invariant with repsect to all systems of

reference, is the quantity given by
b
6:%(00x0+c1x1+czx2 +C;%;,) eC . (17.7)

Therefore, the TSV studies the physical quantity 6 , and not, the also invariant with respect

to all systems of reference, physical quantity of the four-dimensional arc length
dS? = (dx, )* +(dx, )" +(dx, )" +(dx,)” . (17.8)

This arc length is studied by the Theory of General Relativity. The study of dS?® can be
interpreted in the manner that the Theory of General Relativity is a macroscopic theory. On
the contrary, in the TSV a differentiation between the levels of the macrocosm and the
microcosm does not exist. In equations (3.12), and for the energy and the momentum of the
material particle,
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3=-5_i=0123
1+®

the concept of velocity does not exist. With the exception of equations (4.19) and (4.20),
within the totality of the equations of the TSV we already presented, the concept of velocity
does not enter. As we will see in the following, theorem 3.3 which justifies the cosmological
data, predicts the uncertainty of the postion-momentum of the material particles. The
difference among these two theories is highlighted in a concrete manner by the comparison of
equations (17.7) and (17.8). In the first, spacetime appers together with the four-vector C .
The second equation refers only to spacetime.

We present an example which highlights the diffrences among these two theories. It is
the famous Twin Paradox. We consider that the reader is familiar with this thought
experiment, as well as the result of the Theory of General Relativity [30]. The Theory of
General Relativity predicts correctly the time difference in the time duration counted by the
two twins. On the other hand, according to corollary 17.1, this time difference does not

suffice for providing a difference in the evolution of the twins. The twins have the same
generalized particles, which acquire the same rest masses M,, at the time they meet together.

At the beginning and at the end of the travel the two twins are identical. Einstein drives the
wrong conclusion, not because the Theory of General Relativity is wrong, but because he
regards that this time difference implies a different evolution of the twins. But, this is not a
characteristic of the Theory of General Relativity. This is a common characteristic of all the

physical theories preceding the TSV.

At this point let me commentate. Einstein refers to this thought experiment as the
“Twin Paradox”, and not as a consequence of the Theory of General Relativity. According to
my opinion, Einstein understood that something was missing from the Theory of General
Relativity. To this point advocates also his peristance for determining the cause of the

quantum phenomena.

General relativity has been experimentaly verified from a large number of

experiments. Moreover on a distance scale of a few hundred kpc its predictions are not

affected by equation (16.27). We expect that the combination of the two theories on this

distance scale will give important results for the physical reality.
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We consider a generalized particle with rest mass M. The material particle of the

generalized particle (together with STEM) can be at the spacetime point A(xo, X)Xy, xs)with

its energy-momentum having any value. According to equations (3.9) and (3.12) this can

happen only with the variation of the 4-vector C . For a generalized particle the rest mass M,

Is constant, which means that through the variation of the 4-vector C, equation (17.5)

remains valid.
From equation (3.1) we have

G B_G kiz012,3 (17.9)
8c oc,  OC,

and from equation (3.9) we have

aib_——qa X, +Zx k=0,123. (17.10)

oc,

j:tk

Equations (17.9) and (17.10) remain valid for any variation of the 4-vector C . We will know

prove the following corollary of theorem 3.3:
Corollary 17.2 ""The variation of the 4-vector C of a generalized particle with rest mass M,

2.2

cZ+c¢l+ci+c=—-M/c (17.12)

implies the variation of the 4-vectors J and P according to equations

oc, 1+d| oc, nl+®

_ : : 3. Oc,
%z 1 |oc b ¢ o ijﬁ_J k,i=0123 (17.12)
C

JESLS

o __ @ o b g ZX_J Ki=0123." (17.13)
oc, 1+®|doc, hl+d i=0
J#K

Proof: From equation (17.11) it follows that any change of one of the constants

c..k=0,12,3, induces a change to the others. Taking the derivatives with respect to

¢, #0,k=0,1,2,3we have
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oc,
C, =—Z<:ja—’,ck #0,k=0,1,2,3. (17.14)

i=0 Cy
j=k

The corollary is then implied from the combination of the equations (3.12), (17.10) and
(17.9). o

According to the relation (16.19) we have ® <0, while according to the relations
(16.20) the physical quantity 1+ d can be a positive or negative number. Hence from
equations (17.12) and (17.13) we may determine the consequences for the material particle

depending on whether the rates of change of

A R k,1=0,1,2,3

ack ack
are negative, positive or zero.

As the 4-vector C variates there arises an uncertainty for the position of the material

particle. Corollary 17.2 predicts many cases for this uncertainty. We will restrict ourselves to

one of them. For % >0 and 1+ ® <0 from equation (17.12) we have
k

: oc
a b e g X+Zx—‘ <0,k,i=0,12,3
aCk hl+ o j=0 aC‘k

j=k
and from equation (3.12) we have
3. oc;
% Dol x+3 x5 <0 ki=0L23. (17.15)

oc, h i OC
J=k

From inequality (17.15) for i =k,k,i=0,1,2,3 we have

b 3. OC.
1+=J,®@| X, + > X, — |<0,k=0,1,2,3
h <55

] Ci
j=k

and because @ <0 we have
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J x+ix% >—i k=0,12,3 (17.16)
| = e bo' =TT '

J#k

In the case where

3 .
> x, =<0 (17.17)

from inequality (17.16) we have

3% >—- k=0,12,3
b . (17.18)

(®<0)

From equations (3.12) and (3.13) it follows that B, =®J, ,k =0,1,2,3, and considering that

@ <0 we get from inequality (17.18) that
b
P.X, <—E,k:0,1,2,3. (17.19)

The inequalities (17.16), (17.17), (17.18) and (17.19) reverse direction for 1+® >0. The
inequalities (17.18) and (17.19) correspond to Heisenberg’s uncertainty principle [31].
Corollary 17.2 gives rise to restrictions in the position of the material particle, in the
spacetime area occupied by the generalized particle. These restrictions concern the position-

momentum product.

The USVI gives the variation of the 4-vectors J and P in spacetime. However the
internal symmetry theorem brings about a ‘hidden’ parameter of the interactions: The 4-
vectors J and P may variate according to the variation of the 4-vector C . One of the
consequences of the variation of the 4-vector C is the intense uncertainty of position-

momentum showing up in the laboratory.

The theorem of internal symmetry, as well as the two degrees of freedom appearing in
equations (5.3) and (5.7), foundain on a novel basis the manipulation of quantum
information. The generalized particle is a sustained state, with constant total rest mass M, .
We may however interfere with the internal structure of the generalized particle changing the
momentum of the material particle. According to equation (3.12) the variation of the
momentum of the material particle can be effected either with the change of position
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A(X,, X, X,, %, ) of the material particle, or with the change of the 4-vector C. The first

variation is determined by the USVI and the second from corollary 17.2. With a periodic
variation of either the energy of the material particle or the 4-vector C we can achieve the

redistribution of the physical quatities m,, E,,J, P, j in the spacetime area occupied by the
generalized particle. Through the variation of the physical quantities m,, E,, J, P, j we can

transmit information in spacetime. Until now the transmission of information was achieved
only with the first approach. Moreover we did not know the origin or structure of STEM.
Corollary 17.2 permits us to study the possibility of information transmission through the
variation of the 4-vector C. The two degrees of freedom in equations (5.3) and (5.7) refer to
the function ¥, which has a fundamental role for the transmission of information in either

way. This role is clearly visible in equation (5.7) for the 4-vector j of the current density of

the preserved quantities of the generalized particle.

In corollary 17.2 we assumed that the change of the 4-vector C does not change the
total rest mass M, of the generalized particle. It is easy to show that the relations (17.12) and

(17.13) are also valid in the case where the change of the 4-vector C causes a change of the
total rest mass M, of the generalized particle. In such a case there happens a transition to
another generalized particle since the rest mass M, characterizes the generalized particle. In
this case we have a change of equation (17.14) which becomes

S OcC. oM

Ck=—ZCJ.8—CJ—MOC2¥O,CK¢0,k=0,1,2,3- (1720)
= k k
J#k

Equation (17.20) is obtained from differentiation with respect to ¢, =0,k =0,1,2,3 of
equation (17.11).

If there is only one fundamental particle, with rest mass M, = k—? , equation (17.14)
c

necessarily applies. The eq. (17.20) can only be applied if there are more than one
fundamental material particles, with rest masses

K,
MO :C—Z.

Moreover, if there are more than one fundamental material particles, the constants
.,k =0,1,2,3 can vary independently, i.e. they can vary in a way such that

ac,
a—‘:O,j¢k,ke{0,1,2,3},j:0,1,2,3 (17.21)
Ck
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during the variation of the 4-vector C. In this case from corollary 17.2 there follow the
inequalities (17.18) and (17.19) for 1+ ®d <0, and in opposite direction for 1+ ® >0. The

condition (17.21) can be realized when rest masses M, are more than one.

We now present a physical procedure where the 4-vector C varies. Initially we use

the notation Q, for the set which has as unique element the internal symmetry matrix. The

internal symmetry matrix is the 4x4 zero matrix T =0, hence
Q,={T=0}. (17.22)

The sets Q,,Q,,9Q,,Q,,Q,,Q,,Q, contain all symmetries of the TSV in four-dimensional
spacetime (N =4). Moreover the sets Q,Q,,Q,,Q,,Q,,Q,,Q, do not have common
elements, that is

Q=0,UQ, U U, U, UQ, UQ,

: (17.23)
QNN N, NAQ,NAQ,NQ =T

Every generalized particle corresponds to a particular matrix of the set Q. Therefore the set

Q all possible states of matter, all possible states of physical reality predicted by the TSV.

Inside the set Q any transition can happen, with the generalized particle going from

one symmetry to another. This transition can happen either inside one set

0,k €{0,0,1,2,3,4,6} or between two different sets Q,,Q;,k,i€{0,0,1,2,3,4,6}.

In four-dimensional spacetime (N =4) the set Q contains

No+Ng+N;+N, +(N; =1)+ N, + Ng =1+14+6+24+11+3+1=60 matrices. The

transitions inside the set Q can happen to both directions, therefore there are in total
60
N=2 ) = 3540 (17.24)

possible transitions inside the set Q. In 3524 of the 3540 possible transitions the 4-vector C
changes, and only in 16 cases it remains unchanged. In the 3524 cases where the 4-vector C

changes the corollary 17.2 is valid. Of particular interest are the

2 "= 42 17.25
(Zj— (17.25)
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transitions between sets ©, and Q, with k =i,k,i€{0,0,1,2,3,4,6}.
In contrast with the variation of the 4-vector C, in all transitions there is either a

constant rest mass

_kn

CZ

MO

or a limited, possibly small number of rest masses
k h

M, = CLZ .

The finite number of rest masses M, emerges as a consequence of the finite number of

elements of set Q.

In the 4 symmetries of the set 2, UQ, the matrix T of the symmetry, as well as the

4-vector C, have more than one mathematical expressions. In these symmetries the 4-vector
C can vary inside the symmetry. These transitions are not included in the 4290 possible
transitions of equation (17.24). A characteristic of these symmetries is that the total rest mass
. L E .
of the generalized particle is M, =0 (m, = —=> = M, =0). An example of such a symmetry is
C
Toiosamny OF the set Q, c Q, U Q. The matrix Ty,.,,, has four different mathematical

expressions
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|

[IEN
N o T S

|

o

T =2Qa,,

1l o
o —
~ o
|
SN

T =12Qq,,

T =12Qq,,

0 -i
-i 0
0 1
i 0 -1 0

|
[N
= RS

T =12Qa,,

o

and correspondingly four different 4-vectors C
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The generalized particle has rest mass M, =0 (m, = E_ M, =0).
C

There are symmetries in which the 4-vector C has more than one mathematical

expressions, with M, = 0. In these symmetries the 4-vector C can also vary inside the

symmetry. As an example we mention the symmetry T.)' of the set €, , which has two

mathematical expressions two the 4-vector C

(@]
<)

o O O

c, #0
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four mathematical expressions for the matrix T,

T, o, 0 0
-a T 0 O

T, 01 1
w = 2Q 0 0 00
0 0 0O

T, # T,

i 1 00
o -1 1 0O
Ty =2Qay 00 0
0O 00O
-i 1 00
-1 -i 0 0
Tooll =2Qay, 000
0O 0 0O

and the rest mass M, =0 (M, =+%,, M, :iﬁ).
c c

The uncertainty of the material particle is predicted from the egs. of the TSV for other
reasons as well. When the constant b of the law of Selfvariations is not a real number, when
beC—-R, the egs. of the TSV do not determine the position of the material particle in

spacetime. For example we show the case where b =i for symmetry T**. From equation

(8.18) it follows that the charge Q has the same value at the different points A(X,,%,,%,,%;)

and B(x, +icT, X, X,, X; + X,) of spacetime when

C;X;— G lIcT =27znk,n=0,+1,+£2,43,... . (17.26)
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For b =ithere are infinite points in spacetime where the charge Q has the same value.

Analogous conclusions are predicted for all symmetries, for various physical quantities, when
beC-R.

The Selfvariations illuminate a property of the universe that cannot be illuminated by
the theories of the last century. It is the «internality of the universe to the process of
measurement». That is , the fact that the Selfvariations also affect the physical quantities we

use as units for the measurement of other similar physical quantities.

Comparing the rest masses of two similar material particles, two electrons for
example, we will always find them equal. This equality stems from the fact that a certain
material particle, like the electron, expresses a certain state within set Q ; a state in which the

Selfvariations are evolving in the exact same maner.

Two different material particles express two different states of set Q and, therefore,
the selfvariations could evolve at different rates. The ratio of the rest masses of two different
material particles could vary with time. In such a case, this variation will occur at an

extremely slow rate, as emerges from the analysis of the cosmological data.

The electric charge of material particles can be either positive or negative. It also
increases at a clearly slower rate than that of the rest mass of the electron. These are two
fundamental differences we already know between the rest mass and the electric charge. We

can make analogous hypotheses regarding the differences of the “"selfvariating charge Q

and the rest mass. We have not presented these hypotheses in the current article, since it is

about the basic study of the Selfvariations.

The observational instruments we have at our disposal, and the techniques that have
been devised [16, 19, 25, 26] have brought us on the cusp of a direct detection of the
consequences of the Selfvariations. Together with the measurements we perform, it is
essential to analyse the microwave background radiation (CMBR) according to the
predictions of the TSV. During the phase of evolution of the universe when the CMBR was
produced, the rest masses of material particles were clearly smaller than the corresponding
laboratory ones. A similar thing is true about the electric charge of the electron. We speculate

that this fact is in some way recorded on the CMBR.

The continuous emmision of STEM in the surrounding spacetime of the material

particles entails the continuous strengthening of negative potential energies of every kind.
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The consequences of this strengthening are multiple: from the shortening of the Bohr radius,
to the strengthening of the cohesion of the material particles with time. The analysis of the
cosmological data allows us to define the order of magnitude of the rest mass M,. A
conclusion that emerges is that particles we considered fundamental, like the electron and the

neutrino, constitute composites of simpler particles. Our inability to break up the electron in
the lab is a consequence of the strengthening of its cohesion, for the afforementioned reason.

There are a number of ways in which we can search for material particles with elementary

rest masses

kh
MO :C—2
and

k 7
Moch2

predicted by the TSV. But they all require the improvement of our observational instruments.

One way is to give material particles extremely large energies in the laboratory. The
energies at which we collide particles today are far too small to achieve such a disintegration.
Another way is to perform measurements at extremely large distances. In the very early
universe the cohesion of material particles, even of the neutrino, tends to zero. This phase of
the evolution of the universe is predicted over and above the limit set by the standard
cosmological model for the size of the universe.

The TSV predicts M, as the minimum value of the rest mass of material particles.

Since neutrinos have the smallest rest mass of all material particles we know off today, it is
quite likely that they have the simplest structure of all known material particles. We,
therefore, propose the intensification of the experimental study of neutrinos and their

properties.
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18. AFTERWORD

We offer as an epilogue some comments on the TSV as a whole. Having concluded
our study, it has become clear that the network of equations of the TSV arises from the
combination of the axiom of the Selfvariations, as given by equation (4.2), and the principle
of conservation of the momentum 4-vector and equation (2.7). The conservation principle of
the 4-dimentional momentum has emerged empirically, from the experimental data. The TSV
lays the axiomatic foundations of theoretical physics with just three axioms. Indeed, it is very
likely that equation (2.7) emerges from the other two axioms. As far as we know, no other
science, including mathematics, is axiomatically founded with such a small number of
axioms. Equation (2.7) comes from special relativity. We, therefore, start our comments with

the relation of the TSV with special relativity.

Special relativity imposes constraints on the mathematical formulation of physical
laws. All mathematical equations of physical laws have to be invariant under Lorentz-
Einstein transformations. The TSV comes to impose an even greater constraint on these
mathematical formulations. If we denote L the set of equations that are Lorentz-Einstein-
invariant and S the set of equations compatible with the law of Selfvariations, itis S =L
with Sc L.

A classic example are the Lienard-Wiechert electromagnetic potentials. These were
proposed by Lienard and Wiechert in 1899 and give the correct electromagnetic field and
electromagnetic radiation for a randomely moving electric charge. After the formulation of
special relativity by Einstein in 1905, the Lienard-Wiechert potentials proved to also be
invariant under Lorentz-Einstein transformations. On the contrary, with the formulation of
the TSV they prove to be incompatible with the Selfvariations. The TSV replaces the
Lienard-Wiechert electromagnetic potentials with the macroscopic potentials of the TSV,
which give exactly the same field with the Lienard-Wiechert potentials. The macroscopic
potentials of the TSV are compatible with the Selfvariations as well as with the Lorentz-
Einstein transformations (S < L). An additional characteristic of the macroscopic potentials
of the TSV is this: Whether we consider that the Selfvariations happen, or whether we
consider the electric charge constant, exactly the same field emerges. It is an expression of

the “’internality of the universe to the process of measurement’’.

To get the Lorentz-Einstein transformations we consider two observers exchanging

signals with velocity c. If the observers are moving with the same velocity with respect to

209



each other, the Lorentz-Einstein transformations emerge. If the observers exchange signals
with a velocity different from c, for example sound signals, other transformations emerge
which are incorrect. As is natural, Einstein was asked about this issue. His answer essentially
was that we chose the exchange of signals with light speed because of the result: the

transformations that emerge in this way are the correct ones.

On this point the TSV reinforces special relativity to a superlative degree. There is a
constant exchange of STEM between material particles which, in the macrocosm, and when
spacetime is flat, occurs with velocity c. According to the TSV the exchange of signals with
velocity ¢ is not just a hypothesis we can make in order to obtain the Lorentz-Einstein

transformations, but constitutes a continuous physical reality.

The Selfvariations of the rest massess occur if and only if they are counterbalanced by
a corresponding emmission of negative energy in the surrounding spacetime of the material
particle, so that the energy-momentum conservation holds. This energy-content of the
spacetime is expressed by the 4-vector P of equation (2.5). Macroscopicaly this energy is
expressed by equation (16.8), which has emerged from equation (3.11), i.e. the internal
symmetry theorem. This is expected since the internal symmetry expresses specifically the
spontaneous realization of the Selfvariations. Something analogous holds for the electric

charge and for any selfvariating charge Q . The spontaneous emmision of negative energy in

spacetime has two fundamental consequences.

The continuous exchange of STEM implies a continuous exchange of information
between material particles. If the universe is finite, with a finite age, there are still parts of it
that have not exchanged information through the STEM, as a consequence of the finite speed
of the STEM. This, however, will occur in the future. With the passage of time, every part of
the universe interacts with an ever larger part of the rest of the universe. According to
equation (16.45), going back in time the uncertainty of the position of material particles tends
to become infinite. Regions of the universe which will interact through STEM at a future
time, have already interacted through material particles at a past time. The above hold even in
the case where the universe is infinite and of infinite age. The only difference is that all of its
parts have also interacted through STEM. We thus come to the following fundamental

conclusion of the TSV: The universe behaves as one object.

The second consequence is the indirect dynamic interaction of the material particles

(USVI). When we were differentiating for the calculation of the rate of change of the
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momentum of the material particle, there where specific conditions: the law of Selfvariations
predicts a unified mechanism for all interactions. Consequently, the Lorentz force should
emerge after the differentiation and also, in some way, the relation of the USVI with the
curvature of spacetime according to Einstein’s work on gravity. We now know that equation

(4.19) contains both of these terms.

We are often asked why we set as an axiom the Selfvariations of the rest masses and
the electric charge, and not the Selfvariation of some other physical constant. An axiom is
judged exclusively by the conclusions to whch it leads. Nevertheless, there is always a
specific “"logic’” for the introduction of an axiom in a scientific field. This is also the case for
the axiom of the Selfvariations. Taking into account the energy-momentum conservation
principle, the Selfvariation of the rest mass of the material particle can only take place with
the simultaneous emmision of energy-momentum into the surrounding spacetime of the
particle. The combination of the Selfvariations with the conservation of energy-momentum
has as a consequence the presence of energy-momentum in the surrounding spacetime of the
material particle. The introduction of the axiom of the rest mass Selfvariation was made with
the expectation that this energy-momentum in spacetime could provide a cause for the
interaction of material particles. In retrospect, this expectation was confirmed. The
fundamental physical quantities 4,,k,i=0,1,2,3 that emerge from this combination lead to
the USVI, and are at the heart of the TSV. Being aware of the existence of the gravitational
interaction we set as an axiom the selfvariation of the rest mass. Similarly, due to the
existence of the electromagnetic interaction we set as an axiom the selfvariation of the
electric charge. Following the same “"logic”” we introduce in the TSV the ""selfvariating

charge Q " through equation (4.2).

The internal symmetry theorem and the set Q) express the isotropic emission of
STEM in the flat spacetime of special relativity. The theorems of external symmetry and the
set Q, U, UQ, U, UQ, U, express the anisotropic emmision of STEM in an
anisotropic four-dimensional spacetime. Every generalized particle corresponds to a matrix-
element of the set Q=Q, , UQ,UQ, LQ, UQ, UQ, UQ, . Every element of set Q contains
an extremely large amount of data and information about the physical condition it describes.
The set Q contains all the information about the physical reality predicted by the TSV, in

four-dimensional spacetime (N=4).
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In the internal symmetry, the distribution of the total rest mass M, of the generalized
particle, between the material particle and the STEM, is given by equations (3.10) and (3.11).
For every selfvariating charge Q there are N, =59 external symmetry matrices in four-
dimensional spacetime (N =4). There are, therefore, N, =59 ways to distribute the rest mass
M, in the external symmetry. In chapter 8 we proved that in the N, =14 symmetries
T =zQA, it can be m, = 0 for the rest mass of the USVI particle. Similarly, for the N, =6
symmetries of the set €, it can be m, = 0. In the remaining 59—-14—6 =39 external

symmetries, itis m, =0.

We left for last some comments on equations (2.10), (2.13) and (4.6). Equation (2.10)
cannot arise without the axiom of the Selfvariations. The fundamental physical quantities

Aq K, 1=0.1,2,3 cannot arise from the physical theories of the last century. That is, they

cannot arise in any way other than the hypothesis of the Selfvariations. From equations (2.10)

flows the entire network of equations of the TSV, including equations (2.13) and (4.6).

Equations (2.13) and (4.6) predict the USVI and, additionally, correlate the
corpuscular with the wave behaviour of matter. The properties of the wave-function ¥ as
well as the 4-vector j of the conserved physical quantities, express exactly these equations.
The laws of Maxwell are four preciselly because the first of equations (4.6) expands into four
distinct equations. The theorems of chapter 7, which define the corpuscular structure of
matter, are nothing more than the consequences of equation (2.10). The same holds for the

internal symmetry theorem and its consequences, which emerge from equation (2.10).

Using the SV —T method we can verify the self-consistency of the network of

equations we provide. The TSV is a closed and self-consistent theory.
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