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A Mathematically Consistent Paradigm for Nature. 
Self-Variation Theory 
Emmanuil Manousos 

APM Institute for the Advancement of Physics and Mathematics, Athens, Greece; emanoussos@gmail.com 

Abstract 

In this book, we present a mathematically consistent paradigm for describing nature. Modern physics 
is supported by an immense body of experimental and observational data, alongside a theoretical 
framework that, at times, aligns with this data—and at other times, diverges from it. The absence of 
a clear theoretical explanation for the cause of quantum phenomena, combined with the growing 
mismatch between cosmological observations and theoretical predictions, suggests that a 
fundamental principle of nature is missing from current physical theories. The Self-Variation Theory 
introduces such a principle into the theoretical foundations of physics. In this work, we present the 
core principles and primary consequences of SVT. The theory is built upon three foundational 
elements: the Principle of Self-Variation, the Principle of Conservation of Energy-Momentum, and a 
definition of the rest mass for fundamental particles. From these principles, Self-Variation Theory 
leads to a number of key conclusions: it predicts a specific internal structure of particles that extends 
across all distance scales, it provides a unified explanation for particle interactions, it accounts for 
both cosmological data and quantum phenomena, offering a coherent framework that connects them. 
The theory's predictions regarding the origin, evolution, and current state of the universe are in 
agreement with available observational evidence. From subatomic scales to astronomical distances 
spanning billions of light-years, Self-Variation Theory demonstrates a remarkable consistency with 
experimental and observational data. The structure of the book has been carefully designed to ensure 
the necessary clarity and precision in presenting the theory. A sequence of interconnected derivations 
begins with the fundamental principles, proceeds through their synthesis, and culminates in the field 
equations of the theory—applicable across all distance scales. 

Keywords: electromagnetism; gravity; cosmology 
 

1. Introduction 

This chapter introduces the central idea of Self-Variation Theory: the principle of self-variation, 
a new physical principle absent from existing theories. According to this principle, the rest mass and, 
more generally, the self-variating charge of fundamental particles undergo a systematic increase over 
time. 

In compliance with the conservation of energy and momentum, this increase necessarily leads 
to the emission of energy–momentum into the surrounding spacetime. This emitted energy–
momentum is not incidental—it constitutes the origin of interactions between material particles. 
Thus, gravitational and electromagnetic interactions emerge naturally as consequences of the self-
variation of rest mass and electric charge, respectively. 

The chapter formalizes the theory’s three foundational principles: 
The principle of self-variation, 
The principle of energy–momentum conservation, and 
A rigorous definition of rest mass. 
The mathematical framework and key symbols are introduced, and several immediate 

consequences of the theory are derived. The chapter concludes with a summary of major theoretical 
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predictions, highlighting the scope of Self-Variation Theory, which leads to hundreds of novel 
equations and a wide range of new insights across all domains of physics. 

1.1. Axiomatic Foundation of Self-Variation Theory 

In a N-dimensional Riemannian spacetime [1-5] the Self-Variation Theory is based on three 
principles [6-8], the principle of self-variation, the principle of conservation of energy-momentum 
and a definition of the rest mass of fundamental particles. We present the three principles of the 
Theory. 

1. The self-variation principle 
With the term “self-variation principle” we mean an exactly determined increase of the rest mass 

of material particles. Moreover the self-variation principle generally applies to all kind of charges of 
the fundamental particles. Direct consequence of the principle of self-variation is that energy, 
momentum and charge (if the particle is charged) are distributed in the surrounding spacetime. For 
example, to compensate for the increase, in absolute value, of the negative electric charge of the 
electron, the particle emits a corresponding positive electric charge into the surrounding spacetime. 
As a consequence of this emission the total electric charge is conserved. Similarly, the increase of the 
rest mass of the material particle involves the “emission” of negative energy as well as momentum 
in the spacetime surrounding the material particle (spacetime energy-momentum) P . 

We generally denote the rest mass or charge of particle with q . The principle of self-variation 
quantitatively describes the interaction of the ‘self-variation charges’. Let 

( ) ( )0 1 2 1, , ,..., N kq q qx x x x x−= =
, }{* 1, 2,3,...N ∈ =  

be the self-variating charge and let P  be the energy-momentum the particle emit in spacetime 
as a consequence of the self-variation of the charge q . The self-variation principle asserts that valid 

0,1, 2, ..., 1

kk

q b
P

x
k N

q∂
=

∂
= −



 (1.1) 
in every system of reference 

( ) ( )0 1 2 1, , , ..., N kx x x x x−Ο Ο=
 

where 2
h
π

=
  is the reduced Planck constant and b∈  , 0b ≠   is a constant. 

0

iE
P

c
=

 

denotes the momentum and 
0x ict=   the time measured by an observer, where c  is vacuum 

velocity of light and i  is the imaginary unit, 
2 1i = − . If 0q m= , where 0m  is the rest mass of a 

particle Equation (1) becomes 

0
0

kk

b
P

m
m

x
∂

=
∂  . (1.2) 

The principle of self-variation quantitatively describes the interaction of material particles with 
the spacetime energy-momentum. For the formulation of the equations the following symbolism is 
used, 

W  is the energy of the particle, 
J  is the momentum of the particle, 

0m  is the rest mass of the particle, 
 E is the energy of the spacetime energy-momentum related to the particle, 
P is the momentum of the spacetime energy-momentum related to the particle, 

0E  is the rest energy of the spacetime energy-momentum related to the particle. We define the 
N-vectors, 
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where, C J P= + . 
In Equation (1.1), the momentum J  of the particle is due to the charge q . The momentum P  

arises as a consequence of the self-variation of the charge q . The physical quantities q , J , P  are 
determined at the same point X  of spacetime. 

2. The principle of conservation of energy-momentum 
The material particle and the spacetime energy-momentum with which the material particle 

interacts comprise a dynamic system, which we call “generalized particle”. We consider the covariant 
momentum of the particle J  , the momentum of spacetime P  and the total momentum C  of 
generalized particle, 

n n nC J P= + , 0,1, 2, ..., 1n N= − . (1.7) 
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Equation (1.7) expresses the energy-momentum conservation of the generalized particle in a N-
dimensional spacetime. As a consequence of Equation (1.1), the N-vectors C  , J   and P   are 
covariant. According to the self-variation principle the N-vector P  is non-zero, 0P ≠ . 

3. The rest mass of the material particles 
As invariant physical quantities, the rest masses corresponding to the N-vectors J , P , C  

are given by the following equations, 
2 2
0

n
nJ J m c= , (1.8) 

2
0
2

n
n

E
P P

c
=

, (1.9) 
2 2
0

n
nC C M c= . (1.10) 

For the contravariant N-vectors we have 
nk

k

nC g C= , 
nk

k

nP g P= , 
nk

k

nJ g J=  where 
ijg  is the 

metric tensor. The N-vector C  is constant, therefore rest mass 0M  is also constant. In Equations 
(1.8), (1.9), (1.10) we follow Einstein's summation convention for terms where an index appears twice. 

The goal of Self-Variation Theory is to find the functions ( )J J X= , ( )0 0m m X= , ( )P P X=  

and ( )0 0E E X= . The differential equations resulting from the axiomatic foundation of the Theory 
give specific solutions for these functions. These solutions have a common feature. The material 
particle has structure, even if we assume it to be a point. In the context of the Self-Variation Theory, 
the generalized particle replaces the concept of the material particle. 

We now present three direct consequences of the principles of the Theory. The first of these is 
given by the following equations, 

k a

a k

P P

x x

∂ ∂
=

∂ ∂ , (1.11) 

k a

a k

J J

x x

∂ ∂
=

∂ ∂ . (1.12) 
Proof. From Equation (1.1) we get 

( );
;

kk a
a

q b
P

x
q∂

=
∂

 
 
    

where with ;a  we denote the covariant derivative with respect to 
ax . Then we get, 

2 2

2

l lk
ka k a ka la k l a

Pq b b
P P P

x x x x

q q q ∂∂ ∂
− Γ = + − Γ

∂ ∂ ∂ ∂
 
 
    

and equivalently we get, 
2 2

2

l lk
ka k a ka la k l a

Pq b b b
P P P

x x x x

q q q q∂∂ ∂
− Γ = + − Γ

∂ ∂ ∂ ∂    
and with Equation (1.1) we get, 

2 2

2

l lk
ka l k a ka la k a

Pb b b b
P P P P

x x x

q q q q q∂∂
− Γ = + − Γ

∂ ∂ ∂     
and finally we obtain, 

2 2

2

k
k aa k a

Pb b
P P

x x x

q q q ∂∂
− =

∂ ∂ ∂  . 
Similarly, from the equation 
q b

P
x

qαα

∂
=

∂   
we get, 
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2 2

2 kk k

Pb b
P P

x x x

q q q α
αα

∂∂
− =

∂ ∂ ∂  . 
Therefore we have 

k a

a k

P P

x x
qq ∂ ∂

∂ ∂
=

 
and taking into consideration that 0q ≠  we get Equation (1.11). From Equations (1.11) and (1.7) we 
get Equation (1.12). In the proof process we used the symbols of Christoffel, 

1

2
k k a n an
an n a

g g g
g

x x x
ν ν ν

ν

∂ ∂ ∂
Γ = + −

∂ ∂ ∂
 
 
  .   

1.2. Self-Variation of the Rest Mass 
0
2

E
c  

If 0 0E ≠ , the rest mass 

0
2

E
c  is self-variating. The principle of self-variation applies to rest mass 

0
2

E
c  . Therefore, for each solution ( )J J X=  , ( )0 0m m X=  , ( )P P X=   and ( )0 0E E X=   that we 

get from the differential equations of the Theory, one of the following equations holds, 

0
0kk

E b
J E

x
∂

=
∂  , (1.13) 

or 

0
0

kk

bE
J E

x
∂

= −
∂  . (1.14) 

In Section 2.2 Equation (1.4) is derived. The case (1.13) has not appeared in the investigation of 
the equations of Self-Variation Theory so far. It is quite possible that Equation (1.14) has general 
validity. 

1.3. The Relative Position of N-Vectors J  and P  

The relative position of N-vectors J   and P   in spacetime can be given by the following 
equations, 

0 00 0 01 1 02 2 0( 1) 1

1 10 0 11 1 12 2 1( 1) 1

2 20 0 21 1 22 2 2( 1) 1

( 1) ( 1)0 0 ( 1)1 1 ( 1)2 2 ( 1)( 1) 1

...

...

...

.

.

.
...

N N

N N

N N

N N N N N N N

P J J J J

P J J J J

P J J J J

P J J J J

− −

− −

− −

− − − − − − −

= Φ +Φ +Φ + +Φ

= Φ +Φ +Φ + +Φ

= Φ +Φ +Φ + +Φ

= Φ +Φ +Φ + +Φ
 (1.15) 

where ( )ij ij XΦ = Φ
. Denoting T  the N N×  matrix { }ijΦ

, 
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−

− − − − −

−
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Φ Φ Φ Φ

Φ Φ Φ Φ

⋅ ⋅ ⋅ 
 Φ Φ Φ ⋅ ⋅ ⋅ Φ 
 Φ Φ Φ ⋅ ⋅ ⋅ Φ
 ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅=  
 ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅
 

⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ 
 ⋅ ⋅ ⋅   (1.16) 

Equation (1.13) is written in the form 
P TJ= . (1.17) 

1.4. Main Conclusions of the Self-Variation Theory 

We present the main conclusions of the Self-Variation Theory. In the next five Chapters we 
successively present the consequences of self-variation in flat spacetime, the electromagnetic 
interaction, the gravitational interaction, the cosmological scale equations and the justification of 
cosmological data, the consequences of self-variation in the microscopic scale and the justification of 
quantum phenomena. The Self-Variation Theory gives a large number of conclusions. In this 
introductory Section, indicatively, after the abstract of each Chapter we present some of its equations, 
graphs or corollaries. 

In Chapter 2 we study the generalized particle in the flat 4-dimensional spacetime of Special 
Relativity. This study is fundamental, since it highlights the basic consequences of the self-variation 
of material particles. In the last Section of the Chapter we do the corresponding study in N-
dimensional curved spacetime. 

The main conclusion of the Chapter is the Internal Symmetry Theorem. This Theorem gives the 
rest mass and in general the charge of a particle as a function of spacetime. It also gives the relation 
of the energy-momentum and rest mass of a particle to the energy-momentum and rest mass in the 
surrounding spacetime of the particle. If the particle is charged, the Theorem gives a distribution of 
charge in the surrounding spacetime of the particle. 

The Internal Symmetry Theorem justifies the so far known cosmological data in a flat and static 

universe. This justification is made by Equation (2.31) for the rest mass 0m   of material particles, 

0
0 2

01 exp

M
m

bM c
K t

= ±
+ ±

 
 
   

and of its general expression 

2
01 exp

Q
q

bM c
K t

= ±
′

+ ±
 
 
  , 

as given by Equation (2.33) for the charge q . The notation we follow in these Equations is given 
in Chapter 2. The analytical justification of the cosmological data is done in Chapter 5. 

In Chapter 3, we present a new class of potentials—referred to as self-variation potentials—that 
are compatible with the self-variation principle and replace the traditional Liénard–Wiechert 
potentials in the surrounding spacetime of a point electric charge. 

We study the electromagnetic field generated by a point electric charge undergoing arbitrary 
motion within an inertial frame of reference. This analysis leads to the substitution of the Liénard–
Wiechert potentials by the self-variation potentials. Although both sets of potentials yield identical 
electromagnetic fields, they differ in their foundational principles and compatibility with physical 
laws. 

Specifically: 
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The self-variation potentials are fully compatible with both the Lorentz–Einstein transformations 
and the self-variation principle. 

The Liénard–Wiechert potentials, while compatible with the Lorentz–Einstein transformations, 
are not compatible with the self-variation principle when considered in the surrounding spacetime 
of a point charge. 

Maxwell’s equations, as is well-known, are compatible with Lorentz invariance. In this chapter, 
we demonstrate that they are also compatible with the self-variation principle. Therefore, the 
fundamental laws of physics can be extended to incorporate self-variation. 

Let us denote: 
By L , the set of equations compatible with Lorentz–Einstein transformations, and 
by S , the set of equations compatible with the self-variation of electric charge, then we have: 

S L⊂ . 
This means that Self-Variation Theory introduces additional constraints on the laws of physics 

beyond those imposed by Special Relativity. 
In this chapter, we perform precise calculations to determine the consequences of self-variation 

in the spacetime surrounding a point charge q . One key result is that an effective distribution of 
opposite electric charge appears in the surrounding spacetime due to self-variation. We compute both 
the electric charge density and the current density associated with this effect. 

Furthermore, a geometric consequence of self-variation is established through the Orbit 

Representation Theorem. For each spatial direction, the trajectory (orbit) pC   of the charge q   is 

mapped to a corresponding curve C  in the surrounding spacetime. The theorem relates the tangent 
vector, curvature, and torsion of these two curves, establishing a deep geometric link between the 
charge's motion and the structure of the surrounding spacetime. 

The Liénard-Wiechert potential [9-14], 

0 2

2

4 1
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LW LW

V

V

q

r
c

c

πε
=

⋅ − 
 

=A

u υ

u
, 

the same as all the corresponding electromagnetic potentials in classical electromagnetism [15-
29], are inversely proportional to the distance r   from the field source. The self-variation 
electromagnetic potential [6-8], [30], 

( )
2

3
0 2

2

2

2

0 2

2

4 1

1

4 1
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c
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u q
c
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⋅
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 
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 = +
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=

υ a
u υ

A

u υ

υ
 

adds an extra term to the electromagnetic potential, 
( )

2
3

0 24 1

q

c
c

πε

⋅

⋅
− 

 
 

υ a
u υ

 
which is independent of the distance r  . This term makes the electromagnetic potential 

compatible with self-variation, and paves the way for the correlation of electromagnetics with the 
gravitational interaction. The notation we follow in these Equations is given in Chapter 3. 

In Chapter 3 we have a precise calculation for the consequences of self-variation in the 
surrounding spacetime of q . As a consequence of the self-variation, an electric charge of opposite 
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sign on q  is distributed in the surrounding spacetime of the electric charge q . We calculate the 

electric charge density ρ  and the current density j  in the surrounding spacetime of q . This is a 
direct consequence of self-variation, a characteristic prediction in the surrounding spacetime of q  
that clearly shows the difference of the Self-Variation Theory from the Theories of twentieth century 
physics. Quantitatively, the charge density and the current density (refer to Equations (3.47)) are 
given by Equations, 

2

2

2
2

2

2

2

2
2

2

1

4 1

1

4 1

u
q c
t

cr
c

u
q c
t

cr
c

ρ
π

π
ρ

= −

−

−∂
∂  − 

 

−∂ =
∂  − 

 

⋅

=
⋅

u υ

j υ υ
u υ

. 
The notation we follow in these Equations is given in Chapter 3. 
In Chapter 4, we formulate the gravitational field equations within the framework of the Self-

Variation Theory. A central feature of Self-Variation Theory is that it describes both gravity and 
electromagnetism using a unified set of equations. These equations govern the fields generated by 
the rest mass and/or electric charge of a particle. 

The core equation of the theory establishes a relationship among three fundamental physical 
quantities: the rest mass (or electric charge) of the source, its relative velocity with respect to the 
observer, and the propagation speed of the field as measured by the observer. These velocities are 
directly linked to the observed field potential and field strength. 

Initial analytical results show that the theory remains consistent across the range of distance 
scales for which we have observational data. Notably, Self-Variation Theory predicts enhanced 
rotational velocities of stars in galaxies, as well as galaxies within galaxy clusters—phenomena 
typically attributed to dark matter. 

According to the field equations derived in Self-Variation Theory, gravity behaves differently 
depending on the distance from the source mass: it is repulsive at very short ranges and becomes 
attractive beyond a certain critical distance. 

Notably, the scope of these equations extends beyond the domains of gravity and 
electromagnetism. In the course of analyzing the fundamental equation of the Self-Variation Theory, 
it was found that rest mass participates in eight distinct interactions, which are organized into two 
groups. Each group comprises four interactions that exhibit common physical characteristics. 
Remarkably, the equations governing each of these interactions encapsulate an extensive amount of 
information, all of which originates from a single fundamental expression. This highlights the 
strongly unifying nature of the Self-Variation Theory. 

For all eight interactions, we provide explicit expressions for the field propagation speed, 
potential, and strength as functions of the radial distance from a point-like rest mass. The 
corresponding field equations are defined both in the surrounding spacetime of the point mass and 
at the location of the mass itself. 

Interaction I predicts the same light deflection angle as General Relativity, with Δϕ ≈ 1.75 
arcseconds, when light passes at its minimum distance from the Sun. Within the framework of the 
Self-Variation Theory, a parametric constant σ  is introduced into the mass interaction equations. 

When σ  is set equal to 
2 3/cσ = , where c is the speed of light in a vacuum, SVT reproduces the 

same expression as General Relativity for the perihelion precession of planetary orbits. It also predicts 

the Shapiro time delay, with a deviation that for the Sun is about 
74.71 10−− ×   seconds from the 

prediction of General Relativity. 
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Figures 1.1, 1.2 and 1.3 plot the rotation speed of stars as a function of their distance from the 
center of galaxies and of galaxies as a function of their distance from the center of galaxy clusters 
(refer to Figures 4.20, 4.21 and 4.22). The rest mass distribution of the galaxy or galaxy cluster in space 
has not been taken into account in these graphs. The parameter x  is proportional to the distance r  
from the mass of the galaxy or galaxy cluster. The parameter σ  is a constant. The parameter k  is 
a constant of integration obtained from the solution of the differential equation that gives the 
gravitational interaction. The symbolism we follow is given in Chapter 4. Graphs 1.1, 1.2, 1.3 have 
already been recorded in a large number of galaxies, in which the velocity of the stars as a function 
of their distance from the galactic center has been measured (refer to [31], Section 1.8, Figure 1.7). The 

predicted rotation velocities ( )v x   as a function of the distance x   from the mass M   are 
completely different from the corresponding predictions of Newtonian gravity and General 
Relativity. It is the observational data that has led twentieth century Theories of Gravity to the 
hypothesis of Dark Matter. We expect that taking into account the spatial distribution of galaxy 
matter, we will have full agreement between theory and observational data [32-48]. 

 

Figure 1.1. Interaction IV. The graph of the function 

( )v x
y

σ
=

 , if 1k = −  , for small values of x  . Source: 
Figure by author. 
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Figure 1.2. Interaction IV. The graph of the function 

( )v x
y

σ
=

 , if 1k = −  , for large values of x  . Source: 
Figure by author. 

 

Figure 1.3. Interaction IV. The graph of the function 

( )v x
y

σ
=

 if 1k = − , 0k =  and 1k = . Source: Figure 
by author. 

Interaction I predicts the same light deflection angle ϕΔ  as General Relativity (GR), 

2
0

4
GR SVT

GM
c r

ϕ ϕΔ = Δ =
. 

General Relativity provides a precise prediction for the precession of the perihelion ϕΔ   of 
planetary orbits, a phenomenon confirmed with high accuracy in the case of Mercury, 

( )2 2

6
1GR

GM
e c

πϕ
α

Δ =
−

. 
The Self-Variation Theory (Interaction I, 0k = ) also yields a corresponding prediction for the 

perihelion precession, 

( )2

2
1SVT

GM
e

πϕ
α σ

Δ =
−

. 
σ  is a parametric constant introduced into the mass interaction equations of the Self-Variation 

Theory. When σ  is set equal to 
2 / 3c , Self-Variation Theory reproduces the same expression as 

General Relativity for the perihelion precession of planetary orbits. It also predicts the Shapiro time 

delay, with a deviation that for the Sun is about 
74.71 10−− ×  seconds from the prediction of General 

Relativity, 
2 2 2 2

3 5 5

4 2 6 6
lnSVT GR

GM L G M G M
t t

c b c b c b
π π

Δ = − = Δ − 
 
  . 

The notation we follow in these Equations is given in Chapter 4. 
In Chapter 5, we explore the cosmological implications of the self-variation principle. According 

to the theory, the rest mass and electric charge of a particle (more generally, its self-varying charge) 
appear smaller in cosmological-scale observations than their corresponding values measured in the 
laboratory on Earth. This has significant consequences for all physical phenomena in distant 
astronomical objects that depend on these fundamental quantities. These effects are imprinted in 
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observational cosmological data. One prominent manifestation is the redshift of distant astronomical 
sources. 

Many fundamental quantities in astrophysics depend on redshift. As a function of redshift, we 
compute: the electron mass (and more generally, the masses of fundamental particles), the ionization 
energy and the degree of ionization of atoms, the Thomson and Klein–Nishina scattering coefficients, 
the position–momentum uncertainty and the Bohr radius, as well as the energy released in nuclear 
reactions and hydrogen fusion. 

Observational data indicate that the rate of increase of the electron’s charge (in absolute value) 
is significantly slower than the rate of increase of rest mass. This empirical result is in agreement with 
the theoretical prediction presented in Section 2.3, where a different growth rate for mass and charge 
was established as a consequence of self-variation. 

One of the more striking implications is that, due to the self-variation of rest mass, gravity does 
not have cosmological-scale consequences: it is neither responsible for the expansion nor for any 
potential collapse of the universe. Gravitational effects are instead confined to smaller-scale 
structures, such as galaxies and clusters. 

In Section 5.10, we compare the Standard Cosmological Model (SCM) with the predictions of 
Self-Variation Theory at cosmological scales. We highlight the reasons why the SCM has been 
compelled to adopt a series of auxiliary assumptions (e.g. dark energy, inflation, etc.) to align itself 
with observational data. However, certain observations—such as the two inconsistent measured 
values of the Hubble constant—currently lack a plausible explanation within the SCM framework. 

By contrast, the origin and evolution of the universe as described by the Self-Variation Theory 
shows remarkable agreement with cosmological observations, offering a coherent and natural 
explanation for phenomena that remain puzzling under the standard model. 

Fundamental quantities of astrophysics depend on redshift. We calculate as a function of the 

redshift the mass em   of the electron and in general the mass of the fundamental particles, the 

negative 0E  energy of spacetime, the ionization energy nX  and the degree of ionization 1

nN
N  of the 

atoms, the Thomson Tσ   and Klein-Nishina σ   scattering coefficients, the position-momentum 

uncertainty ixΔ  and the Bohr radius BohrR , and the energy E  produced in nuclear reactions and 
hydrogen fusion. We give these parameters as a function of redshift z ; 

( )
1

e
e

m
m z

z
=

+ , 

( )
2

0
0 1

m c
E z A

z
= −

+ , 

( )
1

n
n

X
X z

z+
=

, 

( )
( ) ( )1 1

exp
1

n n nN z g X
N z g KT z

= −
+

 
 
  , 

( ) ( ) ( )21T

T

z z
z

σ σ
σ σ

+= =
, 

( ) ( )1i iz zx x+Δ = Δ , 
( ) ( )1Bohr Bohrz zR R+= , 

( )
1
E

E z
z

=
+ , 
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(refer to Equations are the (5.27), (5.46), (5.36), (5.38), (5.33), (5.40), (5.42) and (5.28)). The notation 
we follow in these equations is given in Chapter 5. Through these Equations we can follow the 
evolution of the universe, from its initial form to the most recent one, as we observe it today in the 
region of our galaxy. Many of the implications of these Equations are introduced into the Standard 
Cosmological Model as assumptions in order for the Model to agree with the cosmological data. 
However, the different evolution of the universe and the different prediction of the early universe by 
the Standard Cosmological Model, compared to the corresponding predictions of these Equations, 
leads the Standard Cosmological Model to an impasse. We give the predictions of the Self-Variation 
Theory in the very early universe, for observations at a large distance r  , theoretically if r → ∞  

(refer to Section 5.11). For the rest mass 0m   of the particles and the rest energy 0E   in the 

surrounding spacetime (refer to limit (5.23), 1A −→ , and Equations (5.45) and (5.46)) we have 
( ) ( )0 0 1 0m r m A +→ ∞ = − → , ( ) ( ) 2

0 01 0E r A A m c −→ ∞ = − − → . 
The Vacuum State is predicted as the beginning of the universe. The total mass / energy of the 

universe asymptotically tends to zero or is zero. Taking into account the conservation of energy-
momentum we conclude that the universe, as a whole, is permanently in the Vacuum State (in the 
sense that its total energy content tends to zero or is equal to zero), at every moment in time, in all 
phases of its evolution. Therefore, on a cosmological scale the universe is predicted to be flat. From 
equation 

( ) ( )
( )2

1
1

T

T

r r

A

σ σ
σ σ
→ ∞ → ∞

= → ∞
−

=
 

the Cosmic Microwave Background Radiation is predicted (refer to Equation (5.35)). Equation 
( ) ( )1 0n nX r AX→∞ = − →  

gives the ionization energies of atoms in the very early universe (refer to Equation (5.36) and 
limits (5.34) and (5.23)). This Equation predicts that the early universe went through a phase of 
ionization of atoms. From equation 

( )
1

i
i

x
x r

A
Δ

Δ → ∞ = → ∞
− , 

( )
1
Bohr

Bohr

R
R r

A
→∞ = → ∞

−  
it follows that at the beginning of the universe all its points communicated with each other (refer 

to Equations (5.41) and (5.43)). The horizon problem does not exist in the Self-Variation Cosmological 
Model. The Self-Variation Theory Equations on the cosmological scale predict that the universe may 
be much older and much larger in size than the Standard Cosmological Model predicts. None of the 
Equations of the Theory puts any restriction, any limit, on the values that the redshift can take. Going 
back in time, while the Standard Cosmological Model converges at one point, at the Big Bang, the 
Self-Variation Cosmological Model diverges, predicting an early universe of large dimensions. 

In Section 5.10 we compare the Standard Cosmological Model with the predictions of Self-
Variation Theory on the cosmological scale [8], [31-73]. The reasons why the Standard Cosmological 
Model has been forced into a series of assumptions to come to terms with the cosmological data are 
highlighted. However, there are now data, such as the two measured values of Hubble's constant, for 
which there is no plausible hypothesis that could bring them into agreement with the model. The 
origin and evolution of the universe as predicted by the Self-Variation Theory presents a remarkable 
compatibility with the cosmological data. 

In Chapter 6 we study the wave resulting from the propagation of self-variation as a 
perturbation in 4-dimensional spacetime. We calculate the wave function and apply it to the 
hydrogen and muon atoms. In the context of Self-Variation Theory, the time-independent 
Schrödinger Equation describes the self-variation of electric charge at the atomic scale. 

From 1901 when Planck solved the problem of electromagnetic blackbody radiation [74] until 
now, leading physicists have brought quantum mechanics to the level we know it today [75-83]. The 
use of quantum mechanical operators gives accurate results in all areas of physics in which it is 
applied. However, we do not know their physical content, which physical process or mechanism of 
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nature they express. Self-Variation Theory relates the operators of quantum mechanics to self-
variation. We prove that the operators of quantum mechanics express the compatibility of the laws 
of physics with the self-variation of material particles. This is one of the main conclusions of Self-
Variation Theory (refer to Section 6.4). The self-variation of material particles explains quantum 
phenomena. 

We study the interaction of electric charges as an exchange of ʺinformationʺ. Through the self-
variation potential, information is transferred from the charge-source of the electromagnetic field to 
infinity. We briefly present the consequences of electric charge self-variation in this information. 

The exchange of signals at velocity υ , c=υ  between two observers is not just an assumption 
we can make to derive Lorentz-Einstein transformations, but a physical reality. As a consequence of 

self-variation, particles continuously exchange energy-momentum, moving with velocity c=υ  in 
flat spacetime. The Self-Variation Theory confirms the correctness of Special Relativity. We have a 
case of flat spacetime in the electromagnetic interaction, which we study in Chapter 3. As a 
consequence of self-variation, the energy-momentum exchange between particles takes place 
continuously, without interruption and in curved spacetime, but with a speed different from c  , 

c≠υ  . Cases of curved spacetime are studied in Chapter 4. One of these cases concerns the 
gravitational interaction. 

The Self-Variation Theory gives a triple digit number of new, hitherto unknown final equations 
in all areas of physics. Despite the large number of equations it gives, the Theory is based on three 
principles. The principle of conservation of energy-momentum has been confirmed in an 
exceptionally large number of experiments and is now considered a law of physics. The definition of 
rest mass used in the mathematical formalism of the Theory is an obvious extension to the curved 
spacetime of rest mass as given by the Lorentz-Einstein transformations in Special Relativity. The 
new principle that the Theory introduces into the theoretical background of physics is that of self-
variation. From the investigation of its consequences thus far, it appears that this principle brings 
theory into agreement with experiment and observational data, at all distance scales. A large part of 
this investigation is the content of this book. 

2. Self-Variation in the Spacetime of Special Relativity. The Internal Symmetry 
Theorem 

In this Chapter we study the generalized particle, as we defined it in the previous Chapter, in 
the flat 4-dimensional spacetime of Special Relativity. This study is fundamental, since it highlights 
the basic consequences of the self-variation of material particles. In the last Section of the Chapter we 
do the corresponding study in N-dimensional curved spacetime. 

The main conclusion of the Chapter is the Internal Symmetry Theorem. This Theorem gives the 
rest mass and in general the charge of a particle as a function of spacetime. It also gives the relation 
of the energy-momentum and rest mass of a particle to the energy-momentum and rest mass in the 
surrounding spacetime of the particle. If the particle is charged, the Theorem gives a distribution of 
charge in the surrounding spacetime of the particle. 

The Internal Symmetry Theorem justifies the so far known cosmological data in a flat and static 
universe. The analytical justification of the cosmological data is done in Chapter 5. 

2.1. The Basic Equations of the Theory in Flat 4-Dimensional Spacetime 

In flat spacetime there is no distinction between covariant and contravariant vectors. Thus, in 
the flat 4-dimensional spacetime (Minkowski spacetime) of Special Relativity [1-5], Equations (1.3) - 
(1.6) and (1.8) - (1.10) take the form, 
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0

1

2

3

x ict
x x

X
x y

zx

= =

   
   
   
   
   

   , (2.1) 

0

1

2

3

x

y

z

J iW
c
JJ J
JJ
JJ

= =

   
   
   
   
   
   
      , (2.2) 

0

1

2

3

x

y

z

P iE
c
PP P
PP
PP

= =

   
   
   
   
   
   
      , (2.3) 

0

1

2

3

c
c

C
c
c

=

 
 
 
 
 
  , (2.4) 

2 2 2 2 2 2
0 1 2 3 0 0J J J J m c+ + + + = , (2.5) 

2
2 2 2 2 0

0 1 2 3 2 0
E

P P P P
c

+ + + + =
, (2.6) 

2 2 2 2 2 2
0 1 2 3 0 0c c c c M c+ + + + =  (2.7) 

respectively. 

We consider an inertial frame of reference ( )0 1 2 3, , ,x x x x′ ′ ′ ′ ′Ο   moving with velocity ( ), 0, 0u  

with respect to another inertial frame of reference ( )0 1 2 3, , ,x x x xΟ , with their origins ′Ο  and Ο  

coinciding at 0 0x x′ = . With this symbolism the Lorentz-Einstein transformations have the following 
form, 

0 0 1

1 1 0

2 2

3 3

ux x i x
c
ux x i x
c

x x
x x

γ

γ

 ′ = − 
 
 ′ = + 
 

′ =
′ =  

0 0 1

1 1 0

2 2

3 3

ui
x x c x

ui
x x c x

x x

x x

γ

γ

 ∂ ∂ ∂= − ′∂ ∂ ∂ 
 ∂ ∂ ∂= + ′∂ ∂ ∂ 

∂ ∂=
′∂ ∂
∂ ∂=
′∂ ∂  (2.8) 
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0 0 1

1 1 0

2 2

3 3

uJ J i J
c
uJ J i J
c

J J
J J

γ

γ

 ′ = − 
 
 ′ = + 
 

′ =
′ =  

0 0 1

1 1 0

2 2

3 3

uP P i P
c
uP P i P
c

P P
P P

γ

γ

 ′ = − 
 
 ′= + 
 

′ =
′ = , (2.9) 

where 

1
2 2

21
u
c

γ
−

= −
 
 
  . 

From these transformations and Equation (1.15) (refer to Appendix A) we get the following 
equations, 

00 11 22 33

,ij ji i jΦ = −Φ

Φ = Φ = Φ = Φ = Φ

≠

 (2.10) 
and transformations, 
′Φ = Φ  (2.11) 

01 01

02 02 21

03 03 13

u
i
c
u
i
c

γ

γ

′Φ = Φ

′Φ = Φ Φ

′Φ = Φ Φ

 + 
 
 − 
  , (2.12) 

32 32

13 13 03

21 21 02

u
i
c
u
i
c

γ

γ

′Φ Φ

′Φ = Φ Φ

′Φ = Φ Φ

=

 + 
 
 − 
  . (2.13) 

It follows from our study that as we move from one frame of reference to another through 
Lorentz-Einstein transformations, we get equations that apply to the same frame of reference. They 

are Equations (2.10). Also, the vectors α , β , 

01

02

03

ic
ic
ic

=

Φ 
 Φ 
 Φ 

α

, (2.14) 

32

13

21

=

Φ 
 Φ 
 Φ 

β

 (2.15) 

are transformed like the electromagnetic field. The vectors α  and β  are parallel to the electric 
and magnetic fields respectively. 

From Equations (1.15) and (2.10) we get, 

0 0 01 1 02 2 03 3

1 01 0 1 21 2 13 3

2 02 0 21 1 2 32 3

3 03 0 13 1 32 2 3

P J J J J

P J J J J

P J J J J

P J J J J

= Φ +Φ +Φ +Φ

= −Φ +Φ −Φ +Φ

= −Φ +Φ +Φ −Φ

= −Φ −Φ +Φ +Φ . (2.16) 
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The determinant 
T

 of the system of Equations (2.16) is given by the following equation, 

( ) ( )24 2 2 2 2 2 2 2
01 02 03 32 13 21 01 32 02 13 03 21T = Φ +Φ Φ +Φ +Φ +Φ +Φ +Φ + Φ Φ +Φ Φ +Φ Φ

, 
as obtained after the necessary calculations. As a consequence of the principle of self-variation 

is 0P ≠ , therefore the system of Equations (2.16) is non-homogeneous. Hence its determinant is non-
zero, 

( ) ( )24 2 2 2 2 2 2 2

01 02 03 32 13 21 01 32 02 13 03 21 0Φ + Φ Φ + Φ + Φ + Φ + Φ + Φ + Φ Φ + Φ Φ + Φ Φ ≠
. (2.17) 

From the inequality (2.17) it follows that if 
0ijΦ =

 for every i j≠ , then 0Φ ≠ . If 0Φ =  then 

01 32 02 13 03 21 0Φ Φ + Φ Φ + Φ Φ ≠ . One of the conclusions derived from the study we did is given by the 
following Internal Symmetry Theorem. 

2.2. Internal Symmetry Theorem 

In flat spacetime of special relativity the following applies. 

A. If 0Φ =  them 01 32 02 13 03 21 0Φ Φ + Φ Φ + Φ Φ ≠ . 

B. If 
0ijΦ =

 for each i j≠  then the following applies. 
1. The 4-vectors P  and J  are parallel, 
P J= Φ . (2.18) 
2. Exactly one of the following applies, 

2
0 0E m c= −  and 0 0M =  (2.19) 

or 

( )0 0 1 1 2 2 3 3exp
b

K c x c x c x c xΦ = − + + + 
    , (2.20) 

0
0 1

M
m = ±

+Φ , (2.21) 
2

0
0 1

M c
E

Φ
= ±

+ Φ , (2.22) 

, 0,1, 2,3
1

i
i

c
J i= =

+Φ , (2.23) 

, 0,1, 2,3
1

i
i

c
P i

Φ
= =

+Φ  (2.24) 
where 0K ≠  is a dimensionless constant. 

Proof. A. A has already been proven, following Inequality (2.17). As a consequence of self-variation 
principle, 0P ≠  and the system of Equations (2.16) is non-homogeneous. 

B. 1. If 
0ijΦ =

 for each i j≠ , Equation (2.18) results from the system of Equations (2.16). 

2. From Equation (2.18) we have i iP J= Φ  and with Equation (1.7) we get i i ic J J− = Φ  and 
equivalently we obtain, 

( )1 i iJ cΦ + = . (2.25) 

If 1Φ = −   we have 0ic =   and i iP J= −  . Then, from Equation (2.7) we obtain 0 0M =   and 

from Equations (2.5), (2.6) we get 
42 2

0 0E m c=   and considering that 0E   and 
2

0m c   have opposite 

sign we obtain 
2

0 0E m c= − . 
If 1Φ ≠ − , from Equation (2.25) we get, 
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1
i

i

c
J =

+ Φ . (2.26) 
From Equations (2.5) and (1.2) we get, 

2 20 31 2
0 1 2 3 02 2 2 2 2 0k

k k k k

J J J J
J JJ J b

P m c
x x x x
∂ ∂∂ ∂

+ + + + =
∂ ∂ ∂ ∂   

and with Equation (2.5) we get, 

( )0 31 2
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2 2 2 2
0 1 2 3 0

k k k k
kJ J J J

J JJ J b
P J J J J

x x x x
∂ ∂∂ ∂

+ + + − + + + =
∂ ∂ ∂ ∂   

and with Equation (1.7) we get, 

( )( )0 31 2
0 1 2 3

2 2 2 2
0 1 2 3 0

k k k k
k kJ J J J

J JJ J b
c J J J J

x x x x
J∂ ∂∂ ∂

+ + + − + + + =
∂ ∂ ∂ ∂

−
  

and with Equation (2.26) we get, 

( ) ( ) ( ) ( )

0 31 20 31 2

2 22 2
0 31 2

2 2 2 2

1 1 1 1 1 1 1 1

0
1 1 1 1 1

k k k k

k
k

c cc cc c c c
x x x x

c c cc cb
c

∂ ∂ ∂ ∂
+ + +

+Φ ∂ +Φ +Φ ∂ +Φ +Φ ∂ +Φ +Φ ∂ +Φ

− + + + =
+Φ +Φ +Φ +Φ +Φ

      
      
      

  −      
 

and after the calculations we get, 

k

k

bc
x
∂Φ = − Φ
∂  . (2.27) 

From Equation (2.27) we obtain, 

( )0 0 1 1 2 2 3 3exp
b

K c x c x c x c xΦ = − + + + 
    

where K  is a dimensionless constant physical quantity. 
From Equations (2.18) and (2.26) we obtain, 

1
i

iP
cΦ

=
+Φ . 

From this Equation and (2.6) we obtain, 
2

0
0 1

M c
E

Φ
= ±

+ Φ . 
Similarly, from Equations (2.26) and (2.5) we obtain, 

2
0

0 1
M c

m = ±
+Φ . 

The proof is completed by confirming the self-variation of the rest energy 0E . For Equations 
(2.19) we have, 

2
0 0

k k

E m c
x x
∂ ∂

=
∂ ∂  

and with Equation (1.2) we get, 
20

0k
k

E b
P m c

x
∂

=
∂   

and with Equation (2.19) we get, 

0
0k

k

E b
P E

x
∂

=
∂   

and considering that it is k kP J= −  we obtain, 
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0
0k

k

E b
J E

x
∂

= −
∂  . 

From Equations (2.21) and (2.22) we get, 
2 2 2 4
0 0E m c= Φ . (2.28) 

Then we have 
2 4 2 40 0

0 0 02 2 2
k k k

E m
E m c m c

x x x
∂ ∂∂Φ

= Φ + Φ
∂ ∂ ∂  

and with the Equations 

k

k

bc
x
∂Φ = − Φ
∂   

and (1.2) we get, 
2 4 2 2 40

0 0 0
k k

k

E bc bP
E m c m c

x
∂

= −Φ Φ +Φ
∂    

and with the Equation (2.28) we get, 
2 20

0 0 0
k k

k

E bc bP
E E E

x
∂

= − +
∂    

and considering that it is 0 0E ≠  we get, 

0
0 0

k k

k

E bc bP
E E

x
∂

= − +
∂    

and equivalently we get, 

( )0
0k k

k

E b
P c E

x
∂

= −
∂   

and with the Equation (1.7) we obtain, 

0
0k

k

E b
J E

x
∂

= −
∂  .   

The Internal Symmetry Theorem is generally valid for any self-variating charge, since in 

equation (1.1), the momentum J  of the particle is due to the charge Q . 

Equations (2.19) predict a generalized particle with zero total rest mass, 0 0M = . In addition, 

the Equation 
2

0 0E m c=   applies. In this case, the Internal Symmetry Theorem does not give the 
relative position of the 4-vectors J  and P . 

For the generalized particle of Equations (2.20) - (2.24), the Internal Symmetry Theorem gives a 
remarkable set of information. From Equations (2.23) and (2.24) it follows that the 4-vectors J , P  
and C  are parallel in 4-dimensional spacetime. Equations (2.21) and (2.22) give the distribution of 

the total rest mass 0M  in 0m  and 

0
2
E
c . Similarly, Equations (2.23) and (2.24) give the distribution 

of the total momentum kc  along the kx  axis. That is, we have energy-momentum and rest mass 

distribution in spacetime. This distribution is determined by the function Φ . If b i=  in Equation 

(2.20) the distribution is periodic. In general, if the constant b  is not a real number, b∈ −  the 

distribution has wave characteristics. If it is a real number, b∈ the distribution is non-periodic. 
From Equation (2.23) we have: 

( )21
i i

k k

J c
x x
∂ ∂Φ

= −
∂ ∂+Φ  

and with Equation (2.27) we get, 
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( )21
i i k

k

J c cb
x
∂

= Φ
∂ +Φ

 
and with Equations (2.23), (2.24) we obtain, 

i
k i

k

J b
P J

x
∂

=
∂  . (2.29) 

From Equations (2.29) and (1.7) we obtain, 

i
k i

k

P b
P J

x
∂

= −
∂  . (2.30) 

From equations (2.29) and (2.30) it follows that the Internal Symmetry Theorem gives the rates 

of change of the 4-vectors J  and P . 

The rest mass 0m   is considered ʺpositiveʺ and the rest energy 0E   ʺnegativeʺ. Therefore, if 
Φ∈ , then the product 

0 0
2

0 0

m E
M M c  

is negative, 

0 0
2

0 0

0
m E
M M c

<
 

and with Equations (2.21), (2.22) we get 

( )2 0
1
Φ

<
+Φ  

and equivalently we get 0Φ < . 

The function Φ  also depends on the 4-vector C . If 1 2 3 0c c c= = =  we have 

0 0exp
b

K c xΦ = − 
 
  . 

Then, from Equation (2.7) we get 0 0c M c= ±  and 
2

0
0 0exp exp

bM cb
K c x K tΦ = − = ±

  
        . 

Then, from Equation (2.21) we obtain, 

0
0 2

01 exp

M
m

bM c
K t

= ±
+ ±

 
 
  . (2.31) 

As we will see in Chapter 5, Equation (2.31) accounts for the so far known cosmological facts. 

2.3. Internal Symmetry Theorem for Charge 

Rest mass may be due to self-variating charge. The charge contributes to the energy-momentum 

of a particle and therefore to its rest mass. We consider the 4-vector J ′  of the momentum due to the 

charge of the particle and the corresponding rest mass 0m′ , 
2 2 2 2 2 2

0 1 2 3 0 0J J J J m c′ ′ ′ ′ ′+ + + + = . 
Repeating the proof process of the Internal Symmetry Theorem we get, 

1
k

k

c
P

′Φ′ =
+Φ , 

where 
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( )0 0 1 1 2 2 3 3exp
b

K c x c x c x c x′ ′ ′ ′ ′Φ = − + + + 
    

and 
2 2 2 2 2 2

0 1 2 3 0 0c c c c M c′ ′ ′ ′ ′+ + + + = . 
Then, from Equation (1.1) we get 

1
k

k
k

c
P

q b b
x

q q
′Φ′

+ Φ

∂
= =

∂    
and equivalently we get 

( )0 0 1 1 2 2 3 3
1 1 exp

Q Q
b

K c x c x c x c x
q

+Φ ′ ′ ′ ′ ′+ − + + +
= ± = ±

 
   , (2.32) 

where Q  is a constant. Formulating the Internal Symmetry Theorem with respect to the charge 
q , Equations (2.18) - (2.24) apply. 

From Equation (2.32), if 1 2 3 0c c c′ ′ ′= = =  we get, 

2
01 exp

Q
q

bM c
K t

= ±
′

+ ±
 
 
  , (2.33) 

Therefore, by substituting 0m q→  in Equations (2.18) - (2.31) we obtain the Internal Symmetry 

Theorem for the charge. The rest mass 0M ′  is due to the energy-momentum that the particle has due 
to the charge q . 

From the inequality 

0 0
2

0 0

0
m E
M M c
′ ′

<
′ ′

 
two cases arise, 

0

0

0
m
M
′
>

′
 and 

0
2

0

0
E
M c

′
<

′
 

or 

0

0

0
m
M
′
<

′
 and 

0
2

0

0
E
M c

′
>

′
. 

If 

0

0

0
m
M
′
>

′
 and 

0
2

0

0
E
M c

′
<

′
, 

then the charge results in an increase in the rest mass of the particle. 

If 

0

0

0
m
M
′
<

′
 and 

0
2

0

0
E
M c

′
>

′
, 

then the charge results in a decrease in the rest mass of the particle. If 0 0m′ ≠  the charge changes 
the rest mass of a material particle. 

Equations (2.31) and (2.33) give the increase in rest mass and electric charge, as required by the 

self-variation principle, if 1 2 3 0c c c= = =  . In the function Φ  , and therefore in the generalized 
particle, the concept of speed does not enter. Thus, the case where the generalized particle is 

stationary in a frame of reference can be expressed through the equation 1 2 3 0c c c= = = . However, 
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equations (2.32) and (2.33) are also derived in a different way. In spherical coordinates ( ), ,r θ ϕ  , 

1 sin cosx r θ ϕ= , 2 sin sinx r θ ϕ= , 3 cosx r θ=  the equation (2.32) is written in the form 

( )( )0 0 2 31exp sin cos sin sin cos
b

K c x r c c cθ ϕ θ ϕ θΦ = − + + + 
   . 

If the generalized particle is confined to a small space, 0r →  or if the 3-dimensional vector 
( )1 2 3, ,c c c=C , has a specific 1 2 3sin cos sin sin cos 0c c cθ ϕ θ ϕ θ+ + =  orientation in space, we 

again get equation (2.32), 

0
0

01 exp

M
m

bic c
K t

= ±
+ ± 

 
  . (2.34) 

In this Equation the constant 0M c  of Equation (2.31) has been replaced by the constant 0ic . 
Similarly, Equation (2.33) takes the form, 

01 exp

Q
q

bic c
K t

= ± ′
+ ± 

 
  . (2.35) 

For particles moving at low velocities, Equations (2.31) and (2.34) are practically equivalent since 

0 0M c ic→  . Similarly, in Equations (2.33) and (2.35) it is 0 0M c ic′ ′→  , if the particles carrying the 
electric charge move with small velocities. In any case, Equations (2.31), (2.33) or (2.34), (2.35) hold 

when we consider the consequences of the time dependence of 0m  and q . 

2.4. The Internal Symmetry Theorem in Curved Spacetime 

In N-dimensional curved spacetime [6 – 10], instead of Equation (2.5) the general Equation (1.8) 
applies, 

2 2
0

n
nJ J m c= . 

From this Equation we get, 

( ) ( )2 2
0; ;

n
n k k
J mJ c=

 
and equivalently we get, 

( ) ( )2 2
0;

n
n k

k

J m
x

J c∂
∂

=
 

and with Equation (1.2) we obtain, 

( ) 2 2
0;

2n
n kk

b
J PmJ c=

 , 
and with Equation (1.8) we obtain, 

( ) ( )
;

2n n
n k nk

b
J J P J J=

 , 
and with Equation (1.7) we obtain, 

( ) ( )( )
;

2n n
n nk kk

b
J J J JJc= −

  
and equivalents we obtain, 

( ) ( ) ( )( ); ;

2n n
n nk k

n
n kk

b
J J J JJ J Jc+ = −

 , (2.36) 
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where with ;k  we denote the covariant derivative with respect to 
kx . Now from Equations 

(1.17) and (1.7) we get C J TJ− =  and equivalently we get, 
( )T I J C+ = , (2.37) 

where I  is the N N×  unit matrix. If 0T I+ ≠ , from Equation (2.37) we get 

( ) 1J T I C−= + , (2.38) 

where ( ) 1T I −+   is the inverse of the matrix T I+  . Substituting the nJ   and 
n nk

kJ g J=  , as 
derived from Equation (2.38) into Equation (2.36) we obtain a differential equation with unknown 

the elements of the matrix T , that is, the functions ( )ij ij XΦ = Φ
. We solve the system of differential 

equations and get the functions ( )ij ij XΦ = Φ
. The solutions we obtain depend on the properties of 

the N-dimensional curved spacetime. The N-vector C  is constant. 
A special case of the Theorem arises when the determinant of the matrix T I+  is equal to zero, 

0T I+ = . Assuming that 0J ≠ , in order for the material particle to exist, the System of Equations 

(2.38) has a solution only if 0C = . Then, from Equation (1.10) we get 0 0M = , from Equation (1.7) 

J P= −  , from Equations (1.8) and (1.9) 
42 2

0 0E m c=   and considering that 0E   and 
2

0m c   have 

opposite signs we get 
2

0 0E m c= − . Thus we get the case, 

2

0

0 0

0

0
0

0

T I

J
P J

E m c

M

+ =

≠

= − ≠

= −

=

. (2.39) 
These are Equations (2.19) which also arise in flat spacetime. 

With the functions ( )ij ij XΦ = Φ
 known, from the system of Equations (1.6) we get the relation 

of the momentums nJ  and nP . The momentums nJ  and nP  enter the whole grid of the equations 
of the Self-Variation Theory. This has the consequence that the relationship between them, the 
Internal Symmetry Theorem, largely determines the structure of the generalized particle. We saw 
some of the consequences of the Theorem in the previous Sections of the Chapter, in the flat 4-
dimensional spacetime of Special Relativity. One of these consequences concerns the correlation of 

the electromagnetic field with the functions ijΦ
, through Equations (2.14) and (2.15). Thus, one issue 

to investigate is the physical content of the ijΦ
  functions in curved spacetime. Initially, these 

functions determine the relative position of N-vectors J  and P  in spacetime. 

3. Electromagnetic Interaction 

In this chapter, we present a new class of potentials—referred to as self-variation potentials—
that are compatible with the self-variation principle and replace the traditional Liénard–Wiechert 
potentials in the surrounding spacetime of a point electric charge. 

We study the electromagnetic field generated by a point electric charge undergoing arbitrary 
motion within an inertial frame of reference. This analysis leads to the substitution of the Liénard–
Wiechert potentials by the self-variation potentials. Although both sets of potentials yield identical 
electromagnetic fields, they differ in their foundational principles and compatibility with physical 
laws. 
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Specifically: 
The self-variation potentials are fully compatible with both the Lorentz–Einstein transformations 

and the self-variation principle. 
The Liénard–Wiechert potentials, while compatible with the Lorentz–Einstein transformations, 

are not compatible with the self-variation principle when considered in the surrounding spacetime 
of a point charge. 

Maxwell’s equations, as is well-known, are compatible with Lorentz invariance. In this chapter, 
we demonstrate that they are also compatible with the self-variation principle. Therefore, the 
fundamental laws of physics can be extended to incorporate self-variation. 

Let us denote: 
By L , the set of equations compatible with Lorentz–Einstein transformations, and 
by S , the set of equations compatible with the self-variation of electric charge, then we have: 

S L⊂ . 
This means that Self-Variation Theory introduces additional constraints on the laws of physics 

beyond those imposed by Special Relativity. 
In this chapter, we perform precise calculations to determine the consequences of self-variation 

in the spacetime surrounding a point charge q . One key result is that an effective distribution of 
opposite electric charge appears in the surrounding spacetime due to self-variation. We compute both 
the electric charge density and the current density associated with this effect. 

Furthermore, a geometric consequence of self-variation is established through the Orbit 

Representation Theorem. For each spatial direction, the trajectory (orbit) pC   of the charge q   is 

mapped to a corresponding curve C  in the surrounding spacetime. The theorem relates the tangent 
vector, curvature, and torsion of these two curves, establishing a deep geometric link between the 
charge's motion and the structure of the surrounding spacetime. 

3.1. A Randomly Moving Electric Point Charge 

We consider an electric point charge q   moving randomly in an inertial frame of reference 

( ), , ,x y z tΟ
. We assume that the electromagnetic field propagates with speed υ, c=υ  where 

c  is the speed of light in vacuum. As a consequence of self-variation, at time t , when q  is at point 

P , it acts on the fixed point A  with the value it had at point E , at the retarded time 

r
w t

c
= −

. 

We use the following symbolism, EA
→
= r  , r=r  , ( )pOE w

→
= r

 , ( )pOP t
→
= r

 , 
( ) ( ) ( )( ), , ,p p pE x w y w z w w

, ( ) ( ) ( )( ), , ,p p pP x t y t z t t
, ( ), , ,A t x y z , 

where ( )0, 0, 0Ο . The index p  in the coordinates px , py , pz  indicates the position of the 
point particle carrying the charge q , at the corresponding moment in time w  or t . At point E  

we denote ( )w =u u  the velocity and ( )w =a a  the acceleration of q , as in Figure 3.1. 
With this symbolism we have, 

( )
( )
( )

p

p

p

x x w
y y w
z z w

−

= −

−

 
 
 
 
 

r

, (3.1) 

( )( ) ( )( ) ( )( )( )2 2 2
1
2

p p pr x x w y y w z z w= = − + − + −r
 , (3.2) 
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r
w t

c
= −

, (3.3) 

( )
( )
( )

1

2

3

x

y

z

p

p

p

x x w
c

c y y w
r r

z z w

υ υ
υ υ
υ υ

−

= = − = =

−

     
     
              

rυ

. (3.4) 

The velocity ( )w=u u  of the q  at point E  is, 
( )

( )

( )

1

2

3

p

p

p

x

y

z

dx w
dw

dx w
dw

dx w
dw

u u
u u
u u

=

 
 
     
     = =     

         
 
 

u

. (3.5) 

 

Figure 3.1. A randomly moving electric point charge q . Source: Figure by author. 

3.2. Auxiliary Equations 

We prove the following list of equations that we will use next to simplify the mathematical 
calculations we do in this Chapter. From Equation (3.2) we have 

( )( ) ( ) ( )( ) ( ) ( )( ) ( )1
2 2 2

2
p p p

p p p

dx w dy w dz wr w w w
x x w y y w z z w

t r dw t dw t dw t
∂ ∂ ∂ ∂

= − − + − − + − −
∂ ∂ ∂ ∂

      
      

        
and with Equations (3.4) and (3.5) we get 

( )1r w
t r t
∂ ∂

= − ⋅
∂ ∂

r u
 

and with Equation (3.4) we get 
r w
t c t
∂ ∂⋅

= −
∂ ∂

 
 
 
u υ

 
and with Equation (3.3) we get 
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1
r r
t c t
∂ ∂

=
∂

⋅
− −

∂
  
  
  
u υ

 
and equivalently we obtain, 

21

r
t c

c

∂
= −

∂ −

⋅
⋅ 

 
 

u υ
u υ

. (3.6) 
From Equations (3.3) and (3.6) we obtain, 

2

1

1

w
t

c

∂
∂ − ⋅= u υ

. (3.7) 
Starting again from Equation (3.2) we obtain, 

2

1

1

r
x
r

r
y c

cr
z

∂
∂
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∂
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υ
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. (3.8) 
From Equations (3.3) and (3.8) we obtain, 

2
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1
w

c
c

∇
⋅

= −
−

υ
u υ

. (3.9) 
From Equation (3.1) we have 
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and with Equation (3.7) we obtain, 
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1t
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−
∂

=
∂ −

⋅
r u

u υ

. (3.10) 
From Equation (3.4) we have 

2
c r

t r t t
c
r

∂ ∂ ∂
= − +

∂ ∂ ∂
υ r

 
and with Equations (3.4), (3.6) and (3.10) we obtain, 
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2

2
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c
t

c
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⋅
−∂

 
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u υυ υ u
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. (3.11) 
From Equation (3.4) we have 

( )( )x p
c
x x w

r
υ = −

 
and differentiating with respect to x we get 
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and equivalently we get 
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and with Equation (3.5) we get 
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and with Equation (3.4) we get 
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and with Equations (3.8) and (3.9) we get 

2 2

2

2 1 1

1 1
1 x xx x

c

u
x c c

c
r

c
r

υ υ υ
 
 ∂ = − + ⋅ ⋅∂  
 

− −
+u υ u υ

 
and equivalently we obtain, 
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. 
Working similarly, we finally obtain, 
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⋅

≠
⋅

u υ
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, (3.12) 

where , 1, 2,3i j =  and 
( ) ( )1 2 3, , , ,x x x x y z=

. 
Now we have, 

yx z

x y z
υυ υ∂∂ ∂

∇ ⋅ = + +
∂ ∂ ∂

υ
 

and with Equation (3.12) we get, 
( ) ( ) ( )
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⋅
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and equivalently we get, 
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⋅
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and taking into consideration that 
2 2 2 2
x y z cυ υ υ+ + =

 we get, 
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and equivalently we obtain, 

2c
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∇ ⋅ =υ
. (3.13) 

Working similarly we obtain, 
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∇× = = ×
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υ υ υ u
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. (3.14) 

If a physical quantity f  is defined at the point E , ( )f f w=  then we have, 
( ) ( )w wf df w
t dw t

∂ ∂=
∂ ∂  

and with Equation (3.7) we obtain, 
( ) ( )
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1

w wf df
t dw

c
⋅

∂
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∂ − u υ

. (3.15) 
Similarly, from Equation (3.9) we obtain, 

( ) ( )
2

2

1

1

w
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df
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c
⋅

∇ = −
−

υ
u υ

. (3.16) 
From Equations (3.15) and (3.16) we obtain, 

( ) ( )
2

w
w

f
f

t c
∂

∇ = −
∂

υ

. (3.17) 

As a consequence of self-variation, at time t  the electric charge acts at point A  with the value 

it has at point E . Therefore, ( )wq q=  and from Equations (3.15), (3.16) and (3.17) For f q=  we 
obtain, 

2

1

1

q dq
t dw

c
⋅

∂ =
∂ − u υ

, (3.18) 

2

2

1

1

dqq
dw c

c
⋅

∇ = −
−

υ
u υ

, (3.19) 

2
qq
t c

∂∇ = −
∂

υ

. (3.20) 

We now consider the acceleration vector ( )w=a a  of q  at the moment w  located at point 
E , 

( ) ( )d w
w

dw
= =

u
a a

. (3.21) 
Applying equations (3.15) and (3.16) for the velocity components u  we obtain, 

2

1

1t
c

∂
=

⋅∂ −

u a
u υ

, (3.22) 
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2
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j ii
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∂ = −
∂  

 
 

u υ

, (3.23) 

where , 1, 2,3i j =   and 
( ) ( )1 2 3, , , ,x x x x y z=

 . Applying Equations (3.15) and (3.16) for the 
velocity components a  we obtain, 
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1t
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⋅∂ −
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u υ

, (3.24) 
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j ii
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u υ

, (3.25) 

where 
( ) ( )d w
w

dw
= =

a
b b

. 
Using the previous Equations we obtain the following equations, 

( ) ( )2 2 2

2 2
1 1

c u
t cr

c c

∂ ⋅ ⋅ −⋅= +⋅ ⋅∂  − − 
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u υ u υυ a
u υ u υ

, (3.26) 

( )
2

2 21 1

c u
r c cr c

c c

⋅ +
− ⋅ ⋅∇ = −

⋅ ⋅   − −   
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u υ u u υ υ υ a υ
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, (3.27) 

( ) ( )( ) ( )2
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1 1

c
t cr

c c
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υ a u υ υ a u aυ b
u υ u υ

, (3.28) 

( )
2

2 21 1

c
r c cr

c c

⋅ − +
⋅ ⋅ − ⋅∇ =
⋅ ⋅   − −   

   

υ a a υ υυ b u a υ a
u υ u υ

 , (3.29) 
after the necessary calculations. 
The auxiliary equations simplify the analytical proofs we do in the next Sections of the Chapter. 

We also use these Equations in the calculations we do in Appendix B. 

3.3. Liénard-Wiechert Potentials 

With the notation we follow, the Liénard-Wiechert [1-10] scalar-vector potential pair ( ),LW LWV A  
is given by the equations, 

0 24 1
LWV

q

r
c

πε
=

⋅ − 
 

u υ

, (3.30) 

2 2

0 24 1
LW LWV

q
c cr

c
πε

= =
⋅ − 

 

A u u
u υ

, (3.31) 
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where 0ε  is the permittivity of free space. The electric field E  and the magnetic field B  at 

point ( ), ,A x y z  are given by the pair ( ),V A  of the scalar potential V  and the vector potential 
A  respectively, through equations 

V
t

= −∇ −
∂
∂

E A
, (3.32) 

=∇×B A . (3.33) 
Through Equations (3.30), (3.31) and (3.32), (3.33) the Liénard-Wiechert potentials give the 

following equations for the electromagnetic field at point A , 
2
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, (3.34) 
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B u υ
u υ
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u υ υ au υu υ

. (3.35) 
The first terms in the second members of Equations (3.34), (3.35) give the electromagnetic field 

accompanying the electric charge in its movement, and the second terms the electromagnetic 
radiation. 

3.4. Self-Variation Potentials 

As a consequence of self-variation, the electromagnetic potential splits into two pairs of 
potentials [11, 12]. One pair, 
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 (3.36) 
gives the electromagnetic field that accompanies the electric charge in its motion, 
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The other pair, 
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 (3.38) 
gives the electromagnetic radiation, 
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. (3.39) 
From (3.37) and (3.39) we get Equations (3.34). The Liénard-Wiechert and self-variation 

potentials give the same equations for the electromagnetic field strength. From the potentials (3.36) 
we prove the first of Equations (3.37). Similarly, the proof of the second is done, as well as the proof 
of Equations (3.39) from the potentials (3.38). 
Proof. From Equation (3.32) and (3.36) we have, 
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and equivalently we get, 
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and with Equation (3.20) we get, 
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and equivalently we get, 

2

2

2

2

2 22

0 02 2

2

2 2

2

2 22

0 02 2

2

2

2

0 2

1

1

4 1 4 1

1

1

4 1 4 1

1

4 1

u
c

u
cq

c
r r

c c

u
c c

q u q
c

r r
c c

u q
c
t t c

q
t

r
c

πε πε

πε πε

πε

= −

−
+

⋅ ⋅
− −

−

 
      ∇ − ∇     ⋅ ⋅     − −    

    
   ∂     ∂     −  ∂ ∂     

   
   

  ∂−  ∂ ⋅   −
 

E

υ
u υ u υ

υ

u υ u υ

υ

u υ 2

 
 
 
 
 
 

. (3.42) 

From Equation (3.17) if ( ) ( )2f w u w=
 we get, 
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. (3.43) 
From Equations (3.42) and (3.43) we get, 
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and equivalently we get, 
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and equivalently we obtain, 
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From Equations (3.8) and (3.10) we get, 
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From Equations (3.26) and (3.27) we get, 
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From Equations (3.44) and (3.34), (3.45), (3.11), (3.4) we get, 
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and equivalently we get, 
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and equivalently we get, 

( )
2

2

2
2

0 2

2 2

2 2

3 32
2 2

0 02 2

1

4 1

1 1

4 1 4 1

u
q

c

r
c

u uq q
c c

c c c c
r r

c c
πε πε πε

−
=

⋅
−

     − −     ⋅     + −
⋅ ⋅     − −          

E
u υ

u υυ υ u
u υ u υ

 
and equivalently we get, 
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and equivalently we get, 
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and equivalently we obtain, 
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.   
In the proof we followed, the transition from Equation (3.40) to (3.41) was made as a consequence 

of Equation (3.20). This Equation expresses the self-variation of the electric charge q . If we assume 
that the charge q  does not self-variate, from the potentials (3.36) we directly obtain Equation (3.41). 
The self-variation potentials give the same electromagnetic field whether we consider the electric 
charge to vary according to the self-variation principle or to be constant. 

Liénard-Wiechert potentials and self-variation potentials give the same electromagnetic field. 
However, self-variation potentials are compatible with Lorentz-Einstein transformations and, 
obviously, with the self-variation principle. The Liénard-Wiechert potentials are compatible with 
Lorentz-Einstein transformations, but it are not compatible with the self-variation principle, in the 
surrounding spacetime of a point electric charge. If we denote by L  the set of equations that are 
compatible with the Lorentz-Einstein transformations and by S   the set of equations that are 
compatible with the self-variation of the electric charge then it is S L⊂ . Regarding the mathematical 
formalism of the laws of physics, the Self-Variation Theory imposes additional constraints than those 
imposed by Special Relativity. 

Applying Maxwell's Equations for the electromagnetic field of Equations (3.34), (3.35) it follows 

that at point A  there is an electric charge, as a consequence of self-variation, with density ρ  and 

current density j, 
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 . (3.47) 
As a consequence of self-variation, in the surrounding spacetime of q   there is an electric 

charge of opposite sign (
0

dq
dw

>
), as follows from Equations (3.47). We prove the first of Equations 

(3.47). Similarly, the proof of the second Equation is made (refer to Appendix B). 
Proof. From Maxwell's first law we have, 

0ρ ε= ∇ ⋅E . (3.48) 
We write equation (3.34) in the form, 
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. (3.49) 

If we ignore self-variation and consider q  constant, at point A  there is no electric charge. 
Thus from Equations (3.48) and (3.49) we get, 
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Equation (3.50) is also proved using the auxiliary Equations (3.6) - (3.29). From Equations (3.48) 

and (3.49) we get, 
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and with Equation (3.50) we get, 
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and equivalently we get, 
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and with Equation (3.19) we get, 
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and equivalently we get, 
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and equivalently we get, 
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and equivalently we obtain, 
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. 
Therefore, the charge density at point A  is given by the equation, 
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and with Equation (3.18) we obtain, 
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. 
Furthermore, electromagnetic radiation does not contribute to the electric charge of spacetime. 
  
We now prove the continuity equation at point A , 
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Proof. From Equation (3.47) we have, 
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and equivalently we get, 
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and with Equation (3.13) we get, 
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. (3.52) 

The charge ( )q q w=  and the velocity ( )w=u u  are defined at point E . Then, from the first 

of Equations (3.47) we get the density ρ  in the form, 
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From Equations (3.52) and (3.53) we get, 
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u υ 3


  

and equivalently we get, 

( ) ( )

( )

( ) ( ) ( )

( )

3
2

2

3
3

2

4
3 2

2

3
3

2

1

4 1

2

4 1

3

4 1

2

4 1

t
f w

f w
t

cr
c

f w r
t

cr
c

f w
t

c r
c

f

r

r

w

c

ρ

π

π

π

π

∂
+∇ ⋅ =

∂
⋅∇

⋅

⋅∇
⋅



⋅

∂ 
+ ∂   − 

 
∂ − + ∂  

+
⋅

⋅

− 
 

∂ 
+ ∇ ∂   − 

 

 − 
 

⋅

+

j υ
u υ

υ
u υ

u υ
υ u υ

u υ

u υ

 . (3.54) 
From Equations (3.15) and (3.16) we get, 

( ) ( ) 0
f w

f w
t

∂
⋅∇+ =

∂
υ

. (3.55) 
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From Equations (3.6) and (3.8) we get, 

cr r
t
∂ + ⋅∇
∂

=υ
. (3.56) 

From Equations (3.26) and (3.27) we get, 
( ) ( ) 0
t

∂
∇

∂
⋅

+ =⋅
u υ

υ u υ
. (3.57) 

From Equations (3.54) and (3.55), (3.56), (3.57) we get, 
( ) ( )

3 3
3 3

2 2

2 2
0

4 1 4 1
t

cf w f w

cr r
c c

ρ

π π

∂
+∇ ⋅ =

∂
− =

   − −   
   

+
⋅ ⋅

j
u υ u υ

.   
The continuity equation expresses the conservation of charge distributed in spacetime. This 

conservation of charge is equivalently expressed through the equation, 

( ) ( )
V

q w q t dVρ= + 
. (3.58) 

Considering the independence of velocity c  [13] from velocity u  at point E , the volume V  
in Equation (3.58) is a sphere centered at point E  and radius r . Equation (3.58) can also be proved 
independently of the continuity equation, by using the auxiliary Equations (3.6) – (3.29) (refer to 
Appendix C). From Equation (3.58) it follows that two observers in points E  and P , for the same 

particle (carrying the charge q ) measure a value ( )q t  for their own particle and ( )q w  the value 
with which the particle of the other acts in theirs. 

To understand the physical content of Equation (3.58), let us assume that the particle at point 

E   is an electron carrying a charge q  . In the time interval from w   to t  , 
r

t t w
c

δ = − =
 , the 

increase in q  is balanced by the charge of spacetime, which is distributed over the sphere with 
center E   and radius r  . The charge of spacetime is due to the electromagnetic field that 
accompanies the electron. If we assume that this field exists in every case, the increase of q   is 
continuous. We now assume that the electron is stationary ( =u 0 ) at point E . The increase of q  

to over time is given by the equation (2.33). Therefore, the constant rest mass 0M ′  determines the 
increase in q  over time. 

Self-variation potentials are compatible with Lorentz-Einstein transformations and, obviously, 
with the self-variation principle. The Liénard-Wiechert potentials were published seven years before 
the publication of Special Relativity by Einstein [13]. After the formulation of Special Relativity it was 
shown that they are compatible with Lorentz-Einstein transformations. From Equations (3.30), (3.31) 
it is proven that the Liénard-Wiechert potentials are not compatible with the self-variation principle. 
For them to be compatible, the self-variation principle should have given the equation 

2
qq
t c

∂∇ = −
∂
u

 (3.59) 
and not (3.20), 

2
qq
t c

∂∇ = −
∂

υ

. 
In the surrounding spacetime of q , Equation (3.20) holds. If Equation (3.59) holds, the Liénard-

Wiechert potentials are compatible with self-variation. We study this case in Chapter 6. 
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3.5. Orbit Representation Theorem 

In this Section we prove the Orbit Representation Theorem. In Figure 3.2, the point electric 

charge q  is at point 
( ) ( ) ( )( ), , ,p p pP x t y t z t t

. By pC  we denote the orbit in which q  moved in 

the past time, until it is at point 
( ) ( ) ( )( ), , ,p p pP x t y t z t t

. 

 

Figure 3.2. Curves pC  and C  in the surrounding spacetime of a randomly moving point electric charge q . 
Source: Figure by author. 

The Frenet equations, 
d

k
dS
d

k
dS
d
dS

τ

τ

+

= =

= −

= −

n

t b

n

t k

n

b

, (3.60) 

uniquely define a curve C . t denotes the tangent vector, k  the curvature vector, k  and τ  

the curvature and torsion respectively, dS  the arc length of the curve C , 1=n  and = ×b t n. 

We calculate the tangent vector pt , the curvature pk  and the torsion pτ  of the curve pC  at 

the point 
( ) ( ) ( )( ), , ,p p pE x w y w z w w

 . First we calculate the arc length pdS
 . We have (refer to 

Figure 3.1), 

p w
dOE

dS d
dw

→

=

 
and equivalently we get, 

pdS dw= u
. (3.61) 
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If ≠u 0  we have, 

p

p
p

dOE dOE
d dwS

dOE dOE
dS wd

→
→

→ →
= =t

 
and equivalents we have, 

p =t
u
u . (3.62) 

The curvature vector k  is given by equation, 

2
1p

p
p p p p

d dd d
dS dS dS dS

= = = −
 
 
 

t uu u uk
u u u  

and with Equations (3.21) and (3.61) we get, 

2 3
1

p
d
dw

= −
uuk a

u u . (3.63) 
Now we have, 

( )2 2d d
dw dw

=
u u

 
and equivalents we get, 

2 2
d d
dw dw

=u u
u u

 
and with Equation (3.21) we get, 
d
dw

⋅=u u a
u

 
and equivalents we get, 
d
dw

⋅
=

u u a
u . (3.64) 

From Equations (3.63) and (3.64) we get, 

( )2

4p
− ⋅

=
u a u a u

k
u  

and equivalents we obtain, 
( )

4p
× ×

=
u a u

k
u . (3.65) 

From Equation (3.65) we obtain, 

3pk
×

=
u a
u . (3.66) 

From Equations (3.65) and (3.66) we obtain, 
( )p

p
p

× ×
= =

×

k u a u
n

u a uk
. (3.67) 

For the vector pb  we have, 

p p p= ×t nb
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and with Equations (3.62) and (3.67) we get, 
( )

p =
× ×

×
×

u a uub
u u a u  

and equivalents we get, 

p =
×
×
u ab
u a . (3.68) 

From the third of Equations (3.60) we get 

p

p
pp dS

d
τ = − ⋅n

b

 
and after the necessary calculations we obtain, 

( )
2

2 2 2p

d
dwτ

⋅ ×

⋅

 
 
 =

−

aa u
u

u a u a . (3.69) 

Equations (3.62), (3.66), (3.69) give the tangent vector pt , curvature pk  and torsion pτ  of the 

pC  curve respectively. 

For each direction c
υ

  the curve pC   is mapped onto another curve C   in the surrounding 
spacetime of the point electric charge q . This mapping is given by the following Theorem. 

Orbit Representation Theorem 

For each direction c
υ

 the following hold. 

1. The mapping :f → − υu u  maps the orbit pC  of point electric charge q  onto the curve C  in its 
surrounding spacetime, 

( ) ( ): , , , , , , , , , ,p p p p p pf k kτ τ→t k n b t k n b
. (3.70) 

2. The mapping 
1 :f − →− υu u  maps the curve C  onto the orbit pC , 

( ) ( )1 : , , , , , , , , , ,p p p p p pf k kτ τ− →t k n b t k n b
. (3.71) 

Proof. In Figure 3.2, in the direction of the vector υ the curve pC  is depicted in the curve C . In 

Appendix D we calculate the elements of the C curve, as given below. 

The tangent vector t  is given by the equation, 

=
−
−

υ ut
υ u . (3.72) 

The curvature vector k  is given by the equation, 
( ) ( )[ ]

4

− ×
=

−

× −u υ

u υ

a u υ
k

. (3.73) 
The vector n  is given by the equation, 

( ) ( )[ ]
( )

− ×
=

× −

− − ×

u υ a u υ
n

u υ u υ a , (3.74) 

if ( )− × ≠u υ a 0 . 
The vector b  is given by the equation, 
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( )
( )

− ×
=

− ×
u υ a

b
u υ a . (3.75) 

The curvature k  is given by the equation, 
( )

3k
− ×

=
−

u υ a

u υ . (3.76) 
The torsion τ  is given by the equation, 

( )

( )( )
( ) 2

2 2 2

d
dwτ

⋅ − ×
= −

− − − ⋅

 
 
 

aa u υ
u υ

u υ a u υ a . (3.77) 
From Equations (3.62), (3.65), (3.67), (3.68), (3.66) and (3.69), by substituting 

:f → −u u υ  
we get Equations (3.72), (3.73), (3.74), (3.75), (3.76) and (3.77). From Equations (3.72), (3.73), (3.74), 

(3.75), (3.76) and (3.77), by substituting 
1 :f − →− υu u  

we get Equations (3.62), (3.65), (3.67), (3.68), (3.66) and (3.69).   
With the proof of the Orbit Representation Theorem we have the main consequences of the self-

variation in the surrounding spacetime of the point electric charge q . The first consequence concerns 

the geometry of spacetime. For each direction in space, curve pC   is depicted in curve C  . The 
second consequence concerns the existence of electric charge and electric current in spacetime. The 
charge density and current density in spacetime are given by Equations (3.47). As a consequence of 
self-variation, the charge q   affects both the geometry and the physical quantities contained in 
spacetime. 

We now apply the Orbit Representation Theorem to a particular case. If 

21

c
c c

c

⋅
−

⋅
−

 
    =  

 

υ a
υ ua

u υ

, 
from Equations (3.34) and (3.35) it follows that the electromagnetic radiation is set to zero in the 

surrounding spacetime of the point electric charge q  . This acceleration also has a second 
consequence on the surrounding spacetime of the point electric charge q . From Equation (3.73) it 
follows that the curvature vector k  of C  is zeroed, =k 0 . For the particular acceleration a , the 

curve C  is a straight line. For the curve pC , the tangent vector, curvature and torsion are given by 
Equations (3.62), (3.66) and (3.69) respectively. The point particle carrying the charge q  moves in a 
curved orbit, with its representation in spacetime being straight. 

3.6. The 4-Vectors P  and J  

In this Section we calculate the 4-vectors P  and J . Then, through Equations (2.5), (2.26) and 

(2.7) we calculate the rest masses 
0
2

E
c  and 0m . From Equation (3.18) and 0x ct=  we get, 

0
2

1

1

ic q dq
x dw

c
⋅

∂ =
∂ − u υ

 
and with Equation (1.1) we get, 
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0

2

1

1

icb q dqP q
t dw

c
⋅

∂= =
∂ − u υ

 
and equivalently we get, 

0

2 2

1 1

1 1

i
icb icb cb

q dq dqP
q t qdw qdw

c c
⋅ ⋅

∂= = = −
∂ − −u υ u υ

  

 
and denoting 

( ) 21
dq

f w
qdw c

q
q t

=
⋅

= −
∂ 

  ∂ 
u υ

 (3.78) 
we obtain, 

( )

2

0

2 1

1

1

f wi i
cb cb

c

q dq iP
q t qdw cb

c
−

⋅ ⋅
∂= − = − = −
∂ − u υ u υ

  

. (3.79) 
For the 3-dimensional momentum P , from Equations (3.19) and (1.1) we get, 

2 2

2

1

1

b q dq
t c dw

q
c

c

∂
= − = −

∂ −
⋅

υ υP
u υ

 
and equivalently we get, 

2

1

1

q dq
cb c cb dw c

c
q t q
∂

= − =
⋅

−
∂ −

υ υP
u υ

 

 
and with Equation (3.78) we obtain, 

( )

21

f wq
cb c cb cq t

c

∂
= − = −

⋅∂ −

υ υP
u υ

 

. (3.80) 
From Equations (3.79) and (3.80) we obtain, 

0 c
iP= −

υP
. (3.81) 

Equations (3.79) and (3.80) give the 4-vector P , in the direction c r
=

υ r

. From these Equations it 

follows that the 4-vector P  depends on the rate of change t
q∂
∂  of charge q . As a consequence of 

self-variation, this rate of change cannot be zero, 
0

t
q∂
∂
≠

. So the 4-vector P  also cannot be zeroed, 
0P ≠ . 
From Equation (2.6) written in the form, 

2
2 2 0

0 2 0
E

P
c

=+ +P
 

and Equation (3.81) we get, 
2

2 2 0
0 0 2 0

E
P P

c
=− +

 
and equivalently we obtain, 

0 0E = . (3.82) 
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Therefore the rest mass 
0
2
E
c  is equal to zero. This result is expected, due to the equation c=υ

. If the electromagnetic interaction is due to a particle, then that particle has zero rest mass. 
From Equations (3.79), (3.80) and (1.7) we get, 

( )

2

0 0

1

f wi
cb

c

J c +
⋅

−
=

u υ


 (3.83) 
and 

( )

21

f w
cb c

c

+
⋅

−
=

υJ C
u υ



. (3.84) 

Equations (3.83) and (3.84) give the 4-vector J , in the direction c r
=

υ r

. 

In Section 2.3 we got the function ( )Xq q=   from the function ( )0 0 Xm m=  . In the 
electromagnetic interaction the momentum P  is a consequence of the self-variation of the charge q

. Therefore, in the electromagnetic interaction the function ( )0 0 Xm m=  is determined by the self-
variation of the charge q . From Equations (3.83), (3.84) and (2.5) we get, 

( ) ( )
0

2 2

2 2

2 2
0

1 1
0

f w f wi
c

cb cb c
c c

m c
⋅

+ +
− −

+
⋅

   
   

+ =   
   
   

υC
u υ u υ

 

 
and equivalently we get, 

( ) ( )

( ) ( )
2 2

2 2

2 2

2 2 2 2
0 1 2 3

2 2
0 0

1 1

2 2 0
1 1

f w f w
cb cb c

c c
f w f w

ic
cb cb c

c c

c c c c

m c
−

⋅

⋅

+ + + − +

⋅

− −

⋅
+ + + =

−

⋅

   
   
   
   
   

υ
u υ u υ

υ c
u υ u υ

 

 

 

and with Equations (2.7) and 

2

1
c

= 
 
 
υ

 we get, 
( ) ( )

2 2

2 2 2 2
0 0 02 2 0

1 1

f w f w
M ic

cb cb c
c c

c m c− + + + =
−

⋅ ⋅
−

⋅υ C
u υ u υ

 

 
and equivalently we obtain, 

( )

2

2 2 2 2
0 0 0

2

1

f w
M ic

cb c
c

m c c= − +
−

⋅
⋅
 
 
 

υ C
u υ



 
and with Equation (3.78) we obtain 

2 2 2 2
0 0 0

2
M ic

cb c
qm c c
q t

⋅= − +
∂  

 ∂  
υ C

. (3.85) 
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Equation (3.85) gives the additional rest mass 0m  of the particle, which is due to the electric 
charge q . The contribution of the electric charge to the rest mass of the particle is different for each 

direction c r
=

υ r

. 

There are two directions c
υ

  for which 0m   takes two special forms. These cases concern the 

relative position of the vectors c
υ

 and c. If 0

1
c ic
= −

υ C
, then we have 

0ic c
−= υC

, (3.86) 
and Equation (3.85) becomes, 

2 2
0 0Mm = . (3.87) 

From Equation (2.7) we have, 
2 2
0

2
0

2 0M cc ++ =c  
and with Equation (3.86) we get, 

2 2
0 0

2
2
0 0Mic c

c
c + − =+ 

 
 

υ

 
and equivalently we get, 

2 2
0

2 2
0 0 0M cc c− =+  

and equivalently we get, 

0 0M =  
and Equation (3.85) becomes, 

2 2
0 0

2
m c ic

cb c
q
q t

+ ⋅−
∂  =  ∂  

υ C

 
and with Equation (3.86) we obtain, 

0

0

0

0
0

1
c

M

m

ic
=

=

= −υ C

. (3.88) 

If 0

1
c ic
=

υ C
, then we have 

0ic c
=

υC
, (3.89) 

From Equation (3.89) we again get 0 0M =  and Equation (3.85) becomes, 

2 2
0 0

2
m c

cb c
q ic
q t

+ ⋅= −
∂  

 ∂  
υ C

 
and with Equation (3.89) we get, 

2 2 0
0

4 ic qm c
cb q t

∂= −
∂



 
and equivalently we obtain, 
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0

2 2 0
0

0

0
4

1
c

M

ic
m c

cb

ic

q
q t

=

= −

=

∂
∂

υ C



. (3.90) 

Equation (3.85) gives the factors that determine the contribution 0m  of the electric charge to the 
rest mass of an electrically charged particle. There are two directions 

0

1
c r ic

±== Cυ r

 

for which this contribution is zero, 0 0m =   and 0 0M =  . For all other directions c
υ

  it is 

0 0m ≠   and 0 0M ≠  . Equation (3.85) shows the dependence of the rest mass 0m   on the rate of 

change 

q
q t
∂
∂ , i.e. the dependence of the rest mass 0m  on the self-variation of the electric charge. 

3.7. Electromagnetic Interaction Symmetries 

In the flat spacetime of Special Relativity, the ijΦ
-functions give the relative position of the 4-

vectors J   and P   (refer to Equation (2.16)). However, from the study we did in Chapter 2 it 

emerged that the ijΦ
-functions, i j≠ , are related to the electromagnetic field. The vectors α , β  of 

Equations (2.14) and (2.15), 

01

02

03

ic
ic
ic

=

Φ 
 Φ 
 Φ 

α

, 

32

13

21

=

Φ 
 Φ 
 Φ 

β

 
are parallel to the electric E  and magnetic B  fields respectively. Therefore we have 

01

02

03

icσ=
Φ 
 Φ 
 Φ 

E

, (3.91) 

32

13

21

σ=
Φ 
 Φ 
 Φ 

B

, (3.92) 
where 0σ ≠  is a physical quantity invariant by Lorentz-Einstein transformations or a constant 

(with unit of Tesla). Now from Equations (3.91), (3.92) and (3.34), (3.35) we get the relationship of the 
electromagnetic field in the surrounding spacetime of a point electric charge q  with the physical 

quantities ijΦ
, i j≠ , 
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. (3.93) 
From Equations (3.34) and (3.35) we get, 

2c
= ×B Eυ

 (3.94) 
and with Equation (3.81) we obtain, 

0icP + × =B P E 0 . (3.95) 
From Equations (3.95) and (3.91), (3.92) we obtain the following equations, 

32 03 02

13 01 03

21 02 01

0 2 3

0 3 1

0 1 2

0
0
0

P P P

P P P

P P P

−

−

−

Φ + Φ Φ =

Φ + Φ Φ =

Φ + Φ Φ = . (3.96) 

Taking into consideration the equations ij jiΦ = −Φ
 and (3.95), Equations (3.96) are written in 

the form, 
0

, ,
jk ij kii k jP P P

i j j k k i

Φ + Φ + Φ =

≠ ≠ ≠  , (3.97) 

where , , 0,1, 2,3i j k = , i j≠ , j k≠ , k i≠ . From Equation (3.94) we get 0⋅ =E B  and with 
Equations (3.93) we obtain, 

01 32 02 13 03 21 0+ +Φ Φ Φ Φ Φ Φ = . (3.98) 
Equations (3.97) and (3.98) give the symmetries of the electromagnetic interaction. Through 

Equation (1.7), from Equation (3.97) we obtain, 

jk ij ki jk ij kii k j i k jJ J J c c cΦ + Φ + Φ = Φ + Φ + Φ
. (3.99) 

From Equations (3.97) and (3.99) it follows that the electromagnetic interaction is not symmetric 

under the substitution ( ) ( )0 1 2 3 0 1 2 3, , , , , ,J J J J P P P P↔  . This asymmetry is a consequence of the 
self-variation principle. The principle is formulated by Equation (1.2) and not Equations (1.13), (1.14). 

In order for self-variation to exist the rest mass 0m  cannot be equal to zero, 0 0m ≠ . Vice versa, the 
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rest mass 

0
2

E
c  can be set to zero. In the electromagnetic interaction it is 0 0E =  (refer to Equation 

(3.82)), resulting in the asymmetry of Equations (3.97) and (3.99). 
From Equations (3.91) and (3.92) it follows that the Internal Symmetry Theorem (refer to 

Equations (2.19) – (2.24)) is valid when the electromagnetic field becomes zero, 
0ijΦ =

 for every 
i j≠ . The charge does not interact with any other charge, and the rate of change of the 4-vectors J  
and P  is an internal matter of the generalized particle, as follows from Equations (2.29) and (2.30). 
In the context of Self-Variation Theory, this state is considered as the simplest state of the generalized 
particle and always occurs in flat spacetime. 

3.8. Comparison Between Self-Variation Theory and Classical Electrodynamics: Convergences and 
Divergences 

How Do the Convergences Arise? 
The similarities between Self-Variation Theory (SVT) and classical electrodynamics (including 

Liénard-Wiechert potentials) stem from the fact that both are formulated within the framework of 
special relativity: 

Lorentz Invariance: SVT operates fully within Minkowski spacetime and respects Lorentz 
transformations, just like classical electromagnetism. 

Field Equivalence: Even though the potentials differ in form, the electric and magnetic fields (E, 
B) produced by SVT potentials are identical to those obtained via Liénard-Wiechert potentials. 

Separation of Field Components: Both theories distinguish between near-field (non-radiative) 
and far-field (radiative) components associated with moving charges. 

Consistency in Static vs. Self-Varying Charges: SVT predicts the same field structure whether 
the charge is constant or self-varying—highlighting a robustness in its field definition. 

Divergence and Its Causes 
The core divergences arise from SVT's introduction of a new physical principle: the self-variation 

of rest mass and charge. This leads to several key differences: 
Source Dynamics: In SVT, the charge and mass of a particle are not fixed—they increase over 

time, leading to a continuous outflow of energy and momentum. In contrast, classical theory assumes 
fixed intrinsic properties for particles. 

Origin of Radiation: In classical electrodynamics, radiation results strictly from acceleration. In 
SVT, energy-momentum radiation is a direct consequence of the self-variation principle, regardless 
of acceleration. 

Distributed Charge-Mass Structure: SVT proposes that mass and charge are not purely point-
like but have an evolving spatial distribution around the particle due to the self-variation process. 

Foundational Principles: Classical electrodynamics is based on Maxwell's equations and 
conservation laws. SVT adds an entirely new foundational axiom—the self-variation principle—
which redefines the role and nature of sources. 

Potential Structure: The SVT potentials contain additional terms that account for self-variation 
effects, which are absent in Liénard-Wiechert potentials, even though both yield the same fields. 

What Are the Implications of These Differences? 
Physical Interpretation of Mass and Charge: SVT challenges the idea of invariant rest mass and 

charge, suggesting instead that these properties evolve dynamically. 
Redshift and Cosmology: The theory potentially links mass evolution with cosmological 

redshift, proposing that particles' rest mass increases with proper time or distance—offering an 
alternative interpretation to standard cosmological models. 

Experimental Predictions: Although the resulting fields match classical predictions under many 
conditions, SVT may lead to subtle deviations in radiation profiles, energy distributions, or long-
range interactions, especially in high-precision regimes. 
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Field Source Duality: The distinction between constant and varying sources becomes less 
significant in SVT, which unifies them under a broader principle. 

Conclusion 

While Self-Variation Theory is constructed to be consistent with special relativity and yields the 
same observable electromagnetic fields as classical theory, it redefines the internal dynamics of field 
sources. The theory introduces a novel principle—that rest mass and charge self-vary—leading to a 
reinterpretation of the nature of particles, field generation, and radiation. 

These theoretical divergences do not contradict experimental electrodynamics, but they enrich 
the conceptual foundation and may lead to new testable predictions, especially in contexts where the 
internal structure and evolution of sources become significant. 

4. Gravitational Interaction 

In this chapter, we formulate the gravitational field equations within the framework of the Self-
Variation Theory. A central feature of Self-Variation Theory is that it describes both gravity and 
electromagnetism using a unified set of equations. These equations govern the fields generated by 
the rest mass and/or electric charge of a particle. 

The core equation of the theory establishes a relationship among three fundamental physical 
quantities: the rest mass (or electric charge) of the source, its relative velocity with respect to the 
observer, and the propagation speed of the field as measured by the observer. These velocities are 
directly linked to the observed field potential and field strength. 

Initial analytical results show that the theory remains consistent across the range of distance 
scales for which we have observational data. Notably, Self-Variation Theory predicts enhanced 
rotational velocities of stars in galaxies, as well as galaxies within galaxy clusters—phenomena 
typically attributed to dark matter. 

According to the field equations derived in Self-Variation Theory, gravity behaves differently 
depending on the distance from the source mass: it is repulsive at very short ranges and becomes 
attractive beyond a certain critical distance. 

Notably, the scope of these equations extends beyond the domains of gravity and 
electromagnetism. In the course of analyzing the fundamental equation of the Self-Variation Theory, 
it was found that rest mass participates in eight distinct interactions, which are organized into two 
groups. Each group comprises four interactions that exhibit common physical characteristics. 
Remarkably, the equations governing each of these interactions encapsulate an extensive amount of 
information, all of which originates from a single fundamental expression. This highlights the 
strongly unifying nature of the Self-Variation Theory. 

For all eight interactions, we provide explicit expressions for the field propagation speed, 
potential, and strength as functions of the radial distance from a point-like rest mass. The 
corresponding field equations are defined both in the surrounding spacetime of the point mass and 
at the location of the mass itself. 

Interaction I predicts the same light deflection angle as General Relativity, with Δϕ ≈ 1.75 
arcseconds, when light passes at its minimum distance from the Sun. Within the framework of the 
Self-Variation Theory, a parametric constant σ  is introduced into the mass interaction equations. 

When σ  is set equal to 
2 3/cσ = , where c  is the speed of light in a vacuum, SVT reproduces the 

same expression as General Relativity for the perihelion precession of planetary orbits. It also predicts 

the Shapiro time delay, with a deviation that for the Sun is about 
74.71 10−− ×   seconds from the 

prediction of General Relativity. 
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4.1. Gravitational Potential 

Through a series of mathematical calculations, the self-variation principle necessarily involves a 
modification of the electromagnetic potential, in the surrounding spacetime of a point electric charge 
[1-3]. For comparison the classical electromagnetic Liénard–Wiechert potentials are, 

0 24 1
LW

q

r
V

c
πε

=
⋅

− 
 
 

u υ

 

2LW V
c

=A u
, 

whereas the corresponding self-variation potentials are, 
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0 0
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The difference lies in the potential 
( )

0

3
2

24 1
a

q
V

c
c

πε

⋅
=

⋅ − 
 

υ α

u υ

 
of Equations (3.38), which are not present in Equations (3.31). 
The self-variation potential associated with the gravitational interaction is derived in direct 

analogy with the corresponding electromagnetic case. Specifically, beginning with the equations that 
govern the electromagnetic self-variation potential, the gravitational analogues are obtained by 
applying the following substitutions: 

Replace the electric charge q  with the rest mass M  of the source of the gravitational field, 
such that: 

04
q

GM
πε

↔ ±
 

Replace the particle’s acceleration a  due to the electromagnetic field with the strength of the 
gravitational field g , [4] Einstein's equivalence principle: 

↔a g  
Replace the speed of light in vacuum c  , which characterizes the propagation of the 

electromagnetic interaction, with the speed υ  of propagation of the gravitational field: 
c υ↔  
Introduce the gravitational coupling constant by substituting the electromagnetic coupling 

(implicitly represented via charge) with Newton’s gravitational constant G . 
Through these substitutions, we obtain the expressions for the self-variation potentials 

corresponding to the gravitational interaction. These potentials mirror the form of their 
electromagnetic counterparts, but they are governed by mass distributions and gravitational field 
intensities instead of electric charges and electromagnetic fields, 
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( ) ( )
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u
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V r
r

r V r

υ
υ

υ

υ υ
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A

u υ u υ

υ
, (4.1) 

where u , is the velocity of the rest mass M  relative to the observer, and r , is the distance 
from the rest mass M . 

Deriving the gravitational potentials in this manner suggests the existence of a gravitational 
analog to the magnetic field B  (see Equations (3.30)–(3.33)). This field carries its own set of units, 

1s− . 
It is important to note that, in the limiting case where the propagation speed of the gravitational 

interaction υ tends to infinity (i.e., υ→∞), the resulting gravitational potential reduces to: 
GM

V
r

= ±
, 

which corresponds precisely to the Newtonian gravitational potential 
GM

V
r

= −
 

of classical mechanics—where gravity is assumed to act instantaneously at a distance. 
Analogously to its electromagnetic counterpart, Equation (4.1) describes the gravitational field 

generated by the rest mass of an individual particle. By extending this formulation to a continuous 
distribution of matter in spacetime, we obtain the corresponding gravitational field on a macroscopic 
scale. This macroscopic field emerges from the collective contribution of all mass elements and forms 
the basis for gravitational field theory in continuous media. 

4.2. Potential, Propagation Speed, and Strength of the Gravitational Field Generated by a Stationary Point 
Mass 

Equation (4.1) encapsulates the full structure of the self-variation potential for gravity, 
accounting for all possible interactions in which a given mass may participate. In this section, we 
consider the simplest physical configuration: a point mass at rest. This idealized scenario provides a 
clear baseline for understanding the gravitational field in the absence of motion or external influences. 

Starting from Equations (1), and applying the appropriate assumptions for a stationary point 
mass, we obtain: 

( ) ( )3

GM GM
V r

r υ
= ± ± ⋅υ g

. 
From this equation, and taking into account that the vectors υ  and g  are parallel in the case 

of a stationary point mass, we deduce that the scalar potential, 

( ) 2

GM GM
V r

r
g

υ
= ± ±

. (4.2) 
This result serves as the starting point for analyzing the static gravitational field, its strength as 

a function of distance, and the implications of a finite versus infinite propagation speed for 
gravitational interactions. 

In the case of a stationary point mass, the strength g  of the gravitational field is given by the 
standard relation: 

dV
g

dr
= −

, (4.3) 
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where V   is the scalar gravitational potential and r   the radial distance from the mass. 
Furthermore, we have: 

d
g

dt
υ
= ±

. 
Combining the two expressions yields: 
d dV
dt dr
υ
= ±

. 
Multiplying both sides by υ , and recognizing that 

dr
dt

υ = ±
, 

we obtain: 
d dV
dt dr
υυ υ= ±

 
or equivalently 
d dV
dt dt
υυ = ±

 
or equivalently 
d dVυ υ = ±  

which leads to: 

( ) ( )( )1
2

V r V r σ= ±
, (4.4) 

where σ  is a constant of integration with units of 
2 2/m s , determined by boundary conditions 

or normalization of the potential. The sign in Equation (4.4) reflects the inclusion of a constant term 
0σ >  into the potential, either as an additive or subtractive contribution. 

From Equations (4.2) and (4.3) we get 

( ) ( )
2

rGM GM
V r

r
dV
drυ

= ± ±
. 

Combining this result with Equation (4.3), we derive the following system of equations, which 
governs the gravitational field generated by a stationary point mass: 
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2

21
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

  (4.5) 
The field strength is calculated from Equation (4.3). 
We now introduce the variable transformation: 

GM
x

rσ
=

, (4.6) 
into Equations (4.5). Under this change of variables, the system of Equations (4.5) can be 

rewritten in the following form: 

( ) ( )
( )

( ) ( )( )

2

21
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x x
dV
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υ

σ

σ

σ
υ
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±

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

  (4.7) 
This transformation simplifies the equations by reducing the number of physical parameters and 

rendering the system dimensionless, thereby facilitating both analytical and numerical analysis of the 
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gravitational field. By applying the variable transformation introduced earlier, Equation (4.3) can be 
expressed in the following form: 

( )dV x
g

GM dx
σ

= −
. (4.8) 

The system of differential equations (4.7) gives rise to eight distinct interactions involving mass. 
These interactions can be classified into two groups, depending on whether the exponential integral 

function ( )iE x  appears in their analytical expressions. For each interaction, it is possible to compute 
the propagation velocity, the potential, and the field strength. A common feature of all interactions is 
their non-monotonic nature: none is purely attractive or purely repulsive across all distances. Instead, 
there exists a critical distance from the point mass at which the interaction changes character, 
transitioning either from repulsion to attraction or vice versa. 
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Interaction II 
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Interaction III 
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Interaction IV 
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The interactions of the first group do not exhibit singular behavior at the location of a point mass. 
Both the propagation velocity and the field strength vanish at this point, while the potential assumes 
a constant, non-zero value. Specifically, at a distance χ = 0 from the point mass, the potential for each 
of the four interactions in the first group is given by: 

( ) 2
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+ , 

( ) 2
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+ , 

( ) 2
0 0, 2

2 2 2III

k
V k

k
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= = > ≠ −
+ , 

( ) 2
0 0, 2

2 2 2IV

k
V k

k
σ σ+

= = > ≠ −
+ . 

None of the interactions described by the potential (4.1) are strictly attractive or strictly repulsive. 

Instead, each interaction exhibits a critical transition at a specific distance cx  (
c

c

GMx
r

σ
=

) from the 
point mass, where the effective force changes sign—switching from repulsion to attraction or vice 
versa. For each of the four gravitational interaction models in the first group, this critical distance is 
determined by the solution of the following characteristic equations. 

Interaction I: 2 2 0xke x+ + =  

Interaction II: 2 2 0xke x− − + =  

Interaction III: 2 2 0xke x+ + =  

Interaction IV: 2 2 0xke x− − + =  
For interactions V-VIII we give the propagation velocity and the field potential. The field 

strength in each case is derived from Equation (4.8). 
Interaction V 
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( ) ( )
( )

( ) ( )( )

2

21
2

V

x
V

x

x

x

x x
dV
dx

υ

σ

σ

σ
υ

= −

=





−

 −  

( ) ( )
2

2 2
1

0
x x

i

x
kx e x e E x x

υ σ
− −

=
+ −

>
, (4.21) 

( )
( )

( )

2

1 1

12

x x
i

x x
i

ke e E x
x xV x

ke e E x
x

σ

− −

− −

− − + +
=

+ − 
 
  . (4.22) 

Interaction VI 

( ) ( )
( )

( ) ( )( )

2

21
2

x

x
V

V

x
x x

x

dV
dx

σ

σ σ
υ

υ

=

=


 +


 −  

( ) ( )
2

2 2

1
0

x x
i

x
kx e x e E x x

υ σ= >
− −+ + , (4.23) 

( )
( )

( )

2

1 1

12

x x
i

x x
i

ke e E x
x xV x

ke e E x
x

σ
− + − + −

=
− − − 

 
  . (4.24) 

Interaction VII 

( ) ( )
( )

( ) ( )( )

2

21
2

x

x
V

V

x
x x

x

dV
dx

σ

σ σ
υ

υ

=

=


 +


 +  

( ) ( )
2

2 2
1

0
x x

i

x
kx e x e E x x

υ σ
− −

=
+ −

>
, (4.25) 

( )
( )

( )

2

1 1

12

x x
i

x x
i

ke e E x
x xV x

ke e E x
x

σ

− −

− −

+ − −
=

+ − 
 
  . (4.26) 

Interaction VIII 

( ) ( )
( )

( ) ( )( )

2

21
2

V

x
V

x

x

x

x x
dV
dx

υ

σ

σ

σ
υ

= −

=





−

 +  

( ) ( )
2

2 2
1

0
x x

i

x
kx e x e E x x

υ σ=
− −

>
+ + , (4.27) 
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( )
( )

( )

2

1 1

12

x x
i

x x
i

ke e E x
x xV x

ke e E x
x

σ
− − − +

=
− − − 

 
  . (4.28) 

I–VIII pertain to mass interactions and are therefore not restricted solely to gravitational 
phenomena. They are applicable to all types of interactions in which mass plays a role. 

4.3. Propagation Speed, Potential, and Field Strength Diagrams for Interactions I–IV 

The value of the parameter k   determines the qualitative behavior of each interaction. This 
dependence is illustrated in the following diagrams. For interactions I–IV, we present plots of the 
functions 

( )2 x
y

υ
σ

=
, 

( )V x
y

σ
=

, 
( )2

2GM
y g x

σ
=

, 
corresponding to selected values of the parameter k . 
Interaction I 

 

Figure 4.1. Interaction I. The function 

( )2 x
y

υ
σ

=
 if 0.01k = − . Source: Figure by author. 
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Figure 4.2. Interaction I. The function 
( )V x

y
σ

=  if 0.01k = − . Source: Figure by author. 

 

Figure 4.3. Interaction I. The function 
( )2

2GM
y g x

σ
=

 if 0.01k = − . Source: Figure by author. 

 

Figure 4.4. Interaction I. The function 

( )2 x
y

υ
σ

=
 if 0k = . Source: Figure by author. 
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Figure 4.5. Interaction I. The function 

( )V x
y

σ
=

 if 0k = . Source: Figure by author. 

 

Figure 4.6. Interaction I. The function 
( )2

2GM
y g x

σ
=

 if 0k = . Source: Figure by author. 
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Figure 4.7. Interaction I. The function 

( )2 x
y

υ
σ

=
 if 0.5k = . Source: Figure by author. 

 

Figure 4.8. Interaction I. The function 

( )V x
y

σ
=

 if 0.5k = . Source: Figure by author. 

 

Figure 4.9. Interaction I. The function 
( )2

2GM
y g x

σ
=

 if 0.5k = . Source: Figure by author. 

Interaction II 
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Figure 4.10. Interaction II. The function 

( )2 x
y

υ
σ

=
 if 0.5k = . Source: Figure by author. 

 

Figure 4.11. Interaction II. The function 

( )V x
y

σ
=

 if 0.5k = . Source: Figure by author. 
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Figure 4.12. Interaction II. The function 
( )2

2GM
y xg

σ
=

 if 0.5k = . Source: Figure by author. 

 

Figure 4.13. Interaction II. The function 

( )2 x
y

υ
σ

=
 if 0.1k = . Source: Figure by author. 

 

Figure 4.14. Interaction II. The function 

( )V x
y

σ
=

 if 0.1k = . Source: Figure by author. 
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Figure 4.15. Interaction II. The function 
( )2

2GM
y xg

σ
=

 if 0.1k = . Source: Figure by author. 

Interaction III 

 

Figure 4.16. Interaction III. The function 

( )2 x
y

υ
σ

=
 if 0.1k = . Source: Figure by author. 
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Figure 4.17. Interaction III. The function 

( )V x
y

σ
=

 if 0.1k = . Source: Figure by author. 

 

Figure 4.18. Interaction III. The function 
( )2

2GM
y xg

σ
=

 if 0.1k = . Source: Figure by author. 

Interaction IV 
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Figure 4.19. Interaction IV. The graph of the function 

( )2 x
y

υ
σ

=
 if 1.9999k = − , 1k = − , 0k = , 1k =  

and 2k = . Source: Figure by author. 

 

Figure 4.20. Interaction IV. The graph of the function 

( )2 x
y

υ
σ

=
 if 5k = − , 3k = − , 2k = −  and 

1k = − . Source: Figure by author. 

 

Figure 4.21. Interaction IV. The graph of the function 

( )V x
y

σ
=

 if 1k = − . Source: Figure by author. 
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Figure 4.22. Interaction IV. The graph of the function 
( )2

2GM
y xg

σ
=

 if 1k = − . Source: Figure by author. 

4.4. Rotational Velocities Around the Mass M in Interaction IV 

The rotational velocities ν  around the point mass M  are described by Equation 

( ) ( )dV r
r r

dr
ν =

 
or equivalently, via Transformation (4.6), 

( ) ( )dV x
x x

dx
ν =

. 
In the case of Interaction IV, the corresponding potential is given by Equation (4.19). Substituting 

into this Equation, we obtain the rotational velocity profile around the mass M   for this specific 
interaction: 

( ) 2

0.5 2
2 2

x x

x

x
v

ke kxe x
ke x x

x σ
− −

−

− −
=

+ −
+ +− , where 0.5 2 0x xke kxe x− −− − + − >  (4.29) 

Below, we present diagrams of the function 

( )v x
y

σ
=

 for various values of the parameter k . 
Subsequently, a comparative plot is provided, illustrating the rotational velocities in Interaction IV 

alongside the corresponding Newtonian values, 
( ) 1
x

x
ν σ=

. 
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Figure 4.23. Interaction IV. The graph of the function 

( )v x
y

σ
=

 if 1k = − , for small values of x . Source: 
Figure by author. 

 

Figure 4.24. Interaction IV. The graph of the function 

( )v x
y

σ
=

, if 1k = − , for large values of x . Source: 
Figure by author. 
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Figure 4.25. Interaction IV. The graph of the function 

( )v x
y

σ
=

  if 1k = −  , 0k =   and 1k =  . Source: 
Figure by author. 

The deviation between observational data and the predictions of Newtonian gravity and General 
Relativity [4-8] has been documented in several studies [9-17]. This discrepancy was first identified 
by Fritz Zwicky [18], who proposed the existence of Dark Matter—a form of matter that contributes 
to the gravitational field but does not interact with electromagnetic radiation, and is therefore not 
directly observable. Subsequent observations reinforced the mismatch between theory and data, 
thereby solidifying the Dark Matter hypothesis as a necessary extension to the standard theoretical 
framework. 

Diagrams 4.24, 4.25, and 4.26 correspond to data already present in the observational literature 
[9-17]. The predicted rotational velocities shown in these diagrams depend on the parameter k , as 
determined from Equation (4.29). 

These diagrams refer to the gravitational field of a point-like rest mass M . In order to obtain 
more accurate predictions for extended astrophysical systems—such as galaxies or galaxy clusters—
the spatial distribution of matter must be taken into account. Improved velocity profiles can be 
derived by applying suitable mathematical models at the appropriate distance scales. 

In any case, starting from the field equations for a point mass, one can generalize the formalism 
to obtain the gravitational field for continuous mass distributions. 

We now present a comparative diagram showing the rotational velocity profiles predicted by 
Interaction IV alongside the corresponding Newtonian prediction. The curve associated with 
Interaction IV depends on the value of the parameter k . In this diagram, three representative values 
of k  have been selected to illustrate the variation in the rotational speed. 
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Figure 4.26. Interaction V. Comparison of the Newtonian prediction for the rotational velocities 
( )v x

 with the 

prediction of the Self-Variation Theory if 1k = − , 0k =  and 1k = . Source: Figure by author. 

4.5. Interaction I as a Model for Gravity 

The propagation velocity, potential, and field strength associated with Interaction I are given by 
Equations (4.9), (4.10), and (4.11), respectively. 

We first observe that the nature of the interaction depends critically on the sign of the parameter 
k  . When 0k <  , the interaction is attractive at short distances but becomes repulsive beyond a 
certain critical radius (see Figure 4.3). For 0k =  , the interaction remains purely attractive at all 
distances (Figure 4.5). When 0k >  , the interaction is again attractive at all distances, but its 
functional behavior differs from the 0k =  case (Figure 4.9), exhibiting a distinct radial dependence. 

In what follows, we show that for 0k =  , Interaction I effectively models gravity, both in 
qualitative behavior and functional form. Setting 0k =   in Equations (4.9), (4.10), and (4.11), we 
obtain the following expressions: 

( )

( )

( )
( )

2
2

2

2

2 2

22

2 2
1

2 2
2

2 2

x

x
x

x x
x

V
x x

x x
x

GM rx x

υ σ

σ

σ

=
+ +
+

= −
+ +

+
= −

+ +











rg

 
Based on these expressions, we examine the behavior of the interaction at 0x =  . Both the 

propagation velocity and the field strength vanish, while the potential takes on a constant negative 
value, 

( )0
2

V
σ

= −
. 

The interaction does not collapse at 0x =  (i.e., 0r = ). This is a common feature of the first 
group of interactions, I–IV. 

For large values of x , the potential asymptotically approaches the form 

( ) 2
x

V x
x x

σ
σ≈ − = −

. 
Applying Transformation (4.6), this yields 
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( ) GM
V r

r
−≈

, 
which corresponds to the Newtonian gravitational potential. 
Thus, at large distances from the point mass, the interaction potential converges to the 

Newtonian form. This asymptotic behavior is also observed in several of the other interactions, 
although not universally. The general behavior of mass interactions across scales is still not fully 
understood. 

Applying Transformation (4.6) to the potential yields an expression of the form 

( ) 2

1

2 2

r

r
GMV

r r
GM GM

σ

σ
σ σ

+
= −

+ + 
 
  . 

Through the sequence of simplifications 
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+
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+
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 

  
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+
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+
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+
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1 1 2
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( ) 1 1 2rV
GM GM GM
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( )
2

1 2 2r
GM GM

V
r r

GM GM
r rσ σ σ

≈ − − + −
  
  

   , 

( ) 1 2r
GM GM

V
r r

GM
r σ σ

≈ − − + 
 
  , 

( ) 1r
GM

V
r

GM
r σ

≈ − − 
 
  , 

we obtain, 

( )
2 2

2

1
rV

GM G M
r rσ

≈ − +
. (4.30) 

Equation (4.30) can alternatively be derived by expanding the potential V(x) as a Taylor series 
around infinity, expressed in terms of 1/x, 

( ) 2 3

2
...V x

x x x
σ σ σ

= − + + +
 . 

Applying Transformation (4.6) to this expression leads directly to the form 

( )
2 2 3 3

2 2 3

1 2 1GM G M G M
V r

r r rσ σ
≈ − + +

, 
as given in Equation (4.30). The extra term provides a negligible correction to the overall 

potential. 
The first term in Equation (4.30) recovers the classical Newtonian potential. The second term 

introduces a correction, quantifying the deviation from Newtonian gravity. We proceed to analyze 
the implications of this correction. First, we calculate the precession of the perihelion of the planets 
ϕΔ  per orbit. 

We solve the differential equation of the orbit in polar coordinates ( ),r ϕ , for the potential given 
in Equation (4.30). We start with the general form of the differential equation for a central force, 

( ) ( ) ( )
( )2

2 2 2

1d W dV r
W

d LW dr
ϕ

ϕ
ϕ ϕ

+ = − − 
 
  , 

where 

( ) ( )
1

W
r

ϕ
ϕ

=
, 

and L   is the specific angular momentum per unit mass (a constant, due to conservation of 
angular momentum). From Equation (4.30), we obtain, 

( ) 2 2

2 3

2dV r GM G M
dr r rσ

= −
. 

Substituting into the orbital differential equation, and performing the necessary calculations, we 
find, 

( ) ( )
2 2 2

2 2 2

2
1

d W G M GM
W

d L L
ϕ

ϕ
ϕ σ

+ + =
 
 
  . 

The remainder of the proof follows standard procedures and leads to the final result, 

( )2

2
1SVT

GM
e

πϕ
α σ

Δ =
−

, 
for the precession of the perihelion of the planets per orbit, where α  is the semi-major axis of 

the orbit and e  is the eccentricity. The form is similar to that of General Relativity [19, 20], where 
there we have 
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( )2 2

6
1GR

GM
e c

πϕ
α

Δ =
−

. 

So the Self-Variation Theory replaces 
2c , where c is the speed of light in a vacuum, with the 

parametric constant σ . SVT reproduces the Mercury experiment [21, 22] (43ʺ of arc per century) if 
2 3/cσ = . 

We analyze how the presence of the mass M  affects the curvature of a light ray passing at a 

minimum distance 0r .To calculate the deflection of light by a mass, we can use the refractive index 
( )n r  and apply the equation for deflection, 

( ) ( )
2

2
1

V r
n r

c
= −

. (4.31) 

To calculate the deflection of light by a mass, we can use the refractive index ( )n r  and apply 
the equation for deflection, 

0

0

2 2
0r

rdn
dr r r

drϕ
∞

Δ = −
−


, (4.32) 

where 0r   is the minimum distance (radius of closest approach). From Equations (4.31) and 

(4.30) we obtain the effective refractive index predicted by the SVT for light ( )SVT rn , 

( )
2 2

22
121SVT

GM G M
r

r r
n

c σ
− +
 = −  
   

or equivalent 

( ) 2 2

2 22 21SVT
GM G M

r
c r c r

n
σ

= + −
. (4.33) 

From Equations (4.32) and (4.33) we get 

2 2
0

2 2

2
0

4 3
SVT

GM G M
c r c r

π
ϕ

σ
Δ = −

. (4.34) 

An estimate of the parameter 
2 3/cσ =   was derived from the observed precession of the 

planetary perihelia. By substituting this value into Equation (4.34), we obtain a prediction for the 
angular shift, 

Δ
2 4

0

2 2

2
0

4 9
SVT

GM G M
c r c r

π
ϕ = −

. 
Notably, this result is in excellent agreement with the corresponding prediction of General 

Relativity in the large distance limit [1, 23, 24], 

2
0

4
GR

GM
c r

ϕΔ =
. 

The contribution of the second term in Equation (4.34) is negligible relative to that of the first 
term. The angle of bending of light that we get from relation (4.34), in the case of the Sun, is the well-
known Δϕ≈1.75 arcseconds [25-27]. 

We now calculate the Shapiro delay resulting from Potential (4.30). The time delay of light 
caused by the gravitational field is approximated by: 

( )3

2
t V r dr

c
= −Δ 

 
Substituting the potential (4.30): 
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2 2

3 3 2

2 1 2 1GM G M
t ds ds

c r c rσ
Δ = − 

 
Evaluating the integrals for a straight-line trajectory with closest approach (impact parameter) 

b , we obtain: 
2 2

3 5

4 2 6
lnSVT

GM L G M
t

c b c b
π

Δ = − 
 
   

where L  is the distance from the observer/source to the mass. The delay in General Relativity 
[28] is given by: 

3

4 2
lnGR

GM L
t

c b
Δ =  

 
   

For the deviation term of SVT from GR we have: 
2 2

5

3

6
3

4 2 2ln 2 2 ln

G M
GMc b

GM L L
c b

c b b

π
π

=
   
   
     

This quotient, in the case of the Sun, is: 
63

1.65 10
22 2 ln

GM
L

c b
b

π −≈ ×
 
 
   

The deviation is important as a theoretical prediction and offers the possibility of controlling 
Interaction I ( 0k = ) of SVT through precise astronomical measurements. 

In Section 4.3, Figures 4.4, 4.5 and 4.6 present the 
( )2 2

2 2 2
x x

y
x x

υ
σ

= =
+ + , 

( )
2

1
2 2

V x x
y

x xσ
+

= = −
+ + , 

( )
( )

2

22 2

2 2

2 2

GM x x
y g x

x xσ
+

= =
+ +

 
diagrams of the interaction, respectively. 
Calculations based on the point-mass equations have the advantage of being independent of the 

spatial distribution of matter. In contrast, the equations of the Self-Variation Theory are highly 
sensitive to this distribution, primarily due to the nature of the Transformation (4.6), 

( )
r

x
M r

σ=
. (4.35) 

Consequently, the results obtained for the perihelion precession of the planets and the deflection 
of light near the Sun are representative of the predictive framework of the theory. 

Starting from the equation 

( ) ( )2 dV r
r r

dr
ν =

 
and using Transformation (4.6), we express the rotational velocity as a function of x , 

( ) 2

1
2 2 2

x
x

x x
σ

ν
+

=
+ + . 

Substituting this into Equation (4.35), we obtain the rotational velocity as a function of the radial 
distance r , namely 
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( ) ( )

( ) ( )

2

1

2
2 2

r
M r

r
r r

M r M r

σ
σν

σ σ

+

=

+ +
 
 
  . (4.36) 

The resulting expression explicitly reveals the dependence of the rotational velocity on the ratio 

( )
r

M r  , highlighting the fundamental role of the mass distribution in shaping the rotational 
dynamics. 

We now provide a brief summary of the implications of the potential ( )V x  , intentionally 
foregoing detailed mathematical treatments that cannot be fully addressed within the constraints of 
this publication. 

Implications at Stellar Scales 
At the scale of stars, the finiteness of the potential at 0x =  ( 0r = ) implies the avoidance of 

classical gravitational singularities during gravitational collapse. This suggests that the SVT potential 
may provide a natural mechanism preventing infinite density states, thereby stabilizing stellar cores 

and potentially altering late-stage stellar evolution scenarios. The smoothness of ( )V x   near the 
stellar radius further supports stable equilibrium configurations without invoking exotic states of 
matter. 

Implications at Galactic Scales 
At galactic scales, the SVT potential modifies the gravitational field in a manner that could 

explain observed anomalies in stellar rotation curves without the need for additional dark matter 

components. The asymptotic behavior of ( )V x , decaying more gradually than a pure Newtonian 
potential, induces a modified gravitational acceleration profile capable of sustaining flat or slowly 
declining rotation velocities in spiral galaxies. Furthermore, the finite potential near the center aligns 
with observations of galactic cores lacking definitive singularities, hinting at alternative structures 
for supermassive compact objects. 

Implications at Galaxy Cluster Scales 
Extending to the scale of galaxy clusters, the SVT potential supports stable large-scale 

gravitational binding without requiring substantial amounts of unseen mass. The mild decay of the 
potential at large distances facilitates gravitational cohesion across cluster scales, potentially 
reconciling observed mass distributions with luminous matter alone or with less reliance on dark 
matter hypotheses. This could also affect gravitational lensing profiles and cluster dynamics in a 
measurable way. 

Building on the previous discussion, we now examine the consequences of the fact that the field 
propagation speed varies with distance from the source. In the general case, the field propagation 
velocity is given by the relation 

( )
2

2
2 2 2x

x
x

ke x x
υ σ=

+ + + . 

The requirement ( )2 2x cυ <   imposes two simultaneous constraints: the parameter k   must 

take small negative values, 0k −→ , and the variable x  must remain within a limited range of small 
values. When considering a concentration of matter within a spatial region whose size is determined 
by the constraint on x , two important conclusions emerge: 

The propagation velocity of the gravitational field within this region remains strictly subluminal, 
( )x cυ < . 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 September 2025 doi:10.20944/preprints202509.2574.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.2574.v1
http://creativecommons.org/licenses/by/4.0/


 74 of 140 

 

The velocity can, in principle, attain its upper limit cυ =   at the boundary or in the outer 
vicinity of the region. 

This second observation is of particular relevance when the gravitational field propagates 
beyond the localized matter distribution. In such a case, where the field spreads into the surrounding 
space with constant velocity c , the causal structure and physical consequences of gravity may differ 
from those discussed in the previous paragraph. 

Specifically in the case of rotational velocities, as the parameter 0k <   approaches zero, the 
system is described by the equation: 

( ) 2

0.5 2
2 2

0

x x

x

x
v

k
ke kxe x
e x

x
x

k

σ

−

− + +
=

+ +




 →

+

 
This functional relationship captures the dependence of the predicted interaction term I on the 

parameter k , in the context of rotational velocities of stars within galaxies and of galaxies within 
galaxy clusters. 

A simplified form of the interaction was used in our application. However, the general Equation 
(4.1) encapsulates a significantly richer structure, containing substantially more information about 
the interactions involving mass. 

4.6. The Role of the Parameters σ  and k  in SVT Gravity 

From the potential Equations the role of the parameters σ  and k  emerges. 
The role of the parameter σ  in SVT gravity. 
1. Physical interpretation of the parameter σ . 

The unit of σ  
2 2/m s  is exactly the unit of gravitational potential. Thus, σ is a characteristic 

value of the gravitational potential in the context of SVT theory-an energy potential scale. 
The parameter σ  determines the ratio between distance and mass: 
For a given mass M , the length scale (i.e. the distance where the SVT theory starts to deviate 

from Newtonian) is: 

SVT

GM
r

σ


. 
That is: 
The larger the mass, the larger the distance where significant divergence appears. 
The larger σ , the closer to the source the non-Newtonian effects appear. 
Conversely: 
If we observe divergences at distance r , then the theory says that they depend on the quantity 
r

GM
σ

. 
That is, the distance of critical deviant behavior increases linearly with mass. 
In summary: The divergences appear on different scales for different masses. 
2. Geometric interpretation: Space scale variability. 
The existence of σ  allows the potential: 
To vary in a non-universal way. 
To depend not only on the distance r , but also on how this distance is ʺmeasuredʺ in relation 

to the mass. 
3. Strong connection to cosmological or galactic scales: 
If σ  is very small, deviations from Newtonian gravity appear at large distances. Thus, σ  may 

play a role in explanations such as the pursuit of rotation curves without dark matter. 

4. If 
2cσ = , x  becomes a direct measure of how ʺcloseʺ you are to the Schwarzschild radius, 
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2

2
S

GM
r

c
=

, 

2 2

S

c r r
x

GM r
= =

, 
that is, how strong the gravitational field is-as in General Relativity. 
So, at this value, the SVT aligns geometrically and dimensionally with GR. 
The role of the parameter k  in SVT gravity. 
1. Shape modifier of the potential: 
k  appears within exponential terms, thus modulating the depth or strength of the attenuation 

with distance via 
xe− . 

If k  is large, the effect of the exponential term (which indicates rapid attenuation) becomes 
more significant. 

2. Mathematical role: 
k  acts as a modifier of the contribution of the exponential term with respect to the polynomial 

terms ( x , 
2x ). Thus, it controls the deviation of the SVT potential from Newtonian at small or large 

distances. 
3. Relationship to the limiting behavior of the potential: 
For 0r →   (i.e. 0x→  ) or for r →∞   (i.e. x→∞  ), k   affects whether the potential 

approaches zero, a constant, Newtonian, or some other form. 

4.7. Symmetries in the Gravitational Field Equations of the Self-Variation Theory 

Three distinct symmetries emerge in the gravitational field equations of the Self-Variation 
Theory. The first symmetry, previously discussed, concerns the division of the eight predicted 
interactions into two distinct categories, depending on the presence or absence of the exponential 
integral in their governing equations. Each category comprises four interactions. 

The second symmetry involves the substitution 04
q

GM
πε

↔ ±
 in Equation (4.1). Specifically, 

for interactions I, IV, V, and VIII, the substitution 04
q

GM
πε

↔ −
 is employed, while for interactions 

II, III, VI, and VII, the substitution 04
q

GM
πε

↔ +
 is used. Based on these substitutions, one might 

expect only the interactions with 04
q

GM
πε

↔ −
  (i.e., I, IV, V, and VIII) to exhibit gravitational 

characteristics. However, this is not the case. The gravitational behavior of the interactions is not 

determined by the sign of 04
q

GM
πε

↔ ±
. 

Instead, a third symmetry arises, which manifests differently in each of the two interaction 
groups. Under a transformation x x↔ − , any interaction belonging to the first group is mapped to 
another interaction within the same group. We give the transformation equations for the potential: 

( ) ( )
( ) ( )

I IV

II III

V x V x

V x V x

− = −

− = −  

Similarly, applying transformation ( ) ( ), ,k x k x↔ − −   to an interaction of the second group 
results in another interaction also within that group. We give the transformation equations for the 
potential: 

( ) ( )
( ) ( )

, ,

, ,
V VIII

VI VII

V k x V k x

V k x V k x

− − = −

− − = −  
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Symmetries are a fundamental requirement in the equations of any physical theory. One 

commonly encountered symmetry is that of odd functions, defined by the relation ( ) ( )f x f x− = −

, which appears in many physical equations. This type of symmetry characterizes the equations 
describing the first group of interactions. 

In contrast, the equations governing the second group of interactions exhibit a more complex 

symmetry of the form ( ) ( ), ,f k x f k x− − = −  , where a parameter k  , in addition to the spatial 
variable x  , plays a crucial role. This symmetry reflects a deeper structural distinction in these 
interactions. 

Furthermore, the equations of the second group are marked by the presence of the exponential 
integral function, which further highlights their mathematical and physical particularities. 

4.8. A Concise Comparison of Newtonian Gravity, General Relativity, and the Self-Variation Theory 
In Table 4.1 we present a brief comparison of Newtonian gravity, General Relativity, and the 

Self-Variation Theory, in five themes. Here, the change in direction of the force in the prediction of 
the Self-Variation Theory arises from the potential (4.19). In none of the five themes do all three 
Theories agree. Their fundamental differences are a consequence of the different starting points that 
the three Theories have. Their common point is the Newtonian behavior in the weak gravitational 
field. 

Table 4.1. A brief comparison of Newtonian gravity, General Relativity, and Self-Variation Theory. 

Theme Newtonian Gravity General Relativity Self-Variation Theory

Behavior of the Potential near a mass -  at 0 Severe singularities in the center Finite V(0)=σ/2 with local maximum

Power at the center Infinite

∞

 attraction Infinite trends Zero (repellency close to 0)

Distance of change of direction of force There is no There is no Solution of 2

Dark Matter Required for galaxy curves Required Not required

Gravit

cxx ke−= +

( )
2

y propagation speed Infinite (theoretically) υ = , variable
2 2x

x
c x

ke x x
σ

− + − +  
We now present a brief comparison of General Relativity (GR) and Self-Variation Theory (SVT). 

The comparison is made based on the potential (4.19). 
1. The gravitational acceleration in SVT is zero at the center-there is no infinite force as in GR. 
2. SVT predicts that gravity does not propagate to the center (it freezes). 
3. SVT seems to replace GR black holes with extremely compact objects where the field slows 

down and the force is zero at the center-without singularity. 
Does SVT allow material missions (spaceships, particles, light) to enter and exit the region where 

GR predicts a black hole? 
What GR says (for comparison) 
In General Relativity: 
An event horizon is defined at: 

2

2
S

GM
r

c
=

 

For Sr r< : 
Nothing can escape, not even light. 
Everything is forced towards the center. 
Time and space are ʺreversedʺ locally. 
What does SVT predict? 
The potential is finite: 
( )0 / 2 0V σ= >  

The acceleration due to gravity is zero at the center: 
( )0 0g =  

The propagation speed of the gravitational field: approaches zero as 0x→ , i.e. at the center. 
What this means for a spaceship: 
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The spaceship can approach the center without encountering: 
Horizon 
Infinite acceleration 
“Crushingʺ by gravitational force. 
As it approaches the center, gravity weakens, rather than strengthens. 
So no impenetrable zones prevent entry or exit. 
However: 
Although there is no event horizon, the field ʺfreezesʺ-the field propagation speed decreases → 

the dynamic response of spacetime or communication may be greatly delayed. 
Unlike GR: 
SVT does not prevent anything from escaping the region near the center. 
A photon or a body could regain energy and escape. 
But-there is a caveat: 

If the gravitational field propagation speed ( )xυ  is extremely low near the center, then the 
environment may appear ʺfrozenʺ: the causality or reaction of the field may be very slow, which may 
mimic ʺtrappingʺ, but is not absolute. 

5. The Cosmological Data as a Consequence of the Self-Variation of the Material 
Particles 

In this chapter, we explore the cosmological implications of the self-variation principle. 
According to the theory, the rest mass and electric charge of a particle (more generally, its self-varying 
charge) appear smaller in cosmological-scale observations than their corresponding values measured 
in the laboratory on Earth. This has significant consequences for all physical phenomena in distant 
astronomical objects that depend on these fundamental quantities. These effects are imprinted in 
observational cosmological data. One prominent manifestation is the redshift of distant astronomical 
sources. 

Many fundamental quantities in astrophysics depend on redshift. As a function of redshift, we 
compute: the electron mass (and more generally, the masses of fundamental particles), the ionization 
energy and the degree of ionization of atoms, the Thomson and Klein–Nishina scattering coefficients, 
the position–momentum uncertainty and the Bohr radius, as well as the energy released in nuclear 
reactions and hydrogen fusion. 

Observational data indicate that the rate of increase of the electron’s charge (in absolute value) 
is significantly slower than the rate of increase of rest mass. This empirical result is in agreement with 
the theoretical prediction presented in Section 2.3, where a different growth rate for mass and charge 
was established as a consequence of self-variation. 

One of the more striking implications is that, due to the self-variation of rest mass, gravity does 
not have cosmological-scale consequences: it is neither responsible for the expansion nor for any 
potential collapse of the universe. Gravitational effects are instead confined to smaller-scale 
structures, such as galaxies and clusters. 

In Section 5.10, we compare the Standard Cosmological Model (SCM) with the predictions of 
Self-Variation Theory at cosmological scales. We highlight the reasons why the SCM has been 
compelled to adopt a series of auxiliary assumptions (e.g. dark energy, inflation, etc.) to align itself 
with observational data. However, certain observations—such as the two inconsistent measured 
values of the Hubble constant—currently lack a plausible explanation within the SCM framework. 

By contrast, the origin and evolution of the universe as described by the Self-Variation Theory 
shows remarkable agreement with cosmological observations, offering a coherent and natural 
explanation for phenomena that remain puzzling under the standard model. 
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5.1. Rest Mass and Electric Charge on the Cosmological Scale 

The reduced values of rest mass in the past time result in the weakening of gravity, compared 
to its strength on earth and nearby galaxies. This attenuation is extremely large at cosmological-scale 
distances. The equations given by the Self-Variation Theory predict that gravity cannot cause the 
universe to collapse or expand. The consequences of gravity are limited to other distance scales, much 
smaller than the cosmological one. 

The Standard Cosmological Model is based on General Relativity. However, it has repeatedly 
had to introduce additional assumptions in order to bring the Model into agreement with the 
observational data. From the hypothesis of Dark Matter [1-13] and inflation [14-18], to the more recent 
hypothesis of Dark Energy [19, 20]. The Standard Cosmological Model is inconsistent with recent 
measurements from the early twenty-first century to the present, of the time evolution of the creation 
of the large-scale structures of the universe [21-27]. There is no hypothesis that could bring the 
Standard Cosmological Model into agreement with the two measured values for the Hubble constant 
[28, 29]. 

The Internal Symmetry Theorem justifies the so far known cosmological data, in a flat and static 
universe. We point out that the increased rotational velocities of stars in galaxies and galaxies in 
galaxy clusters are justified by the conclusions of Chapter 4 regarding gravity (see Section 4.8). 

In a flat and static universe, from Equation (2.31) for ,b K ∈   , 0b >   we get the following 
equation for the increase in rest mass to over time t , 

( ) 0
0 0 2

01 exp

M
m m t

bM c
K t

= =
+

 
 
  . (5.1) 

From Equations (2.21) and (2.22), requiring 

( )
0 0

22
0 0

0
1

m E
M M c

Φ
= <

+Φ  
we get 0Φ <  and equivalently we get, 

0K < . (5.2) 
In Equation (5.1) the constant K  is negative. 
We consider an astronomical object at distance r   from Earth. The emission of the 

electromagnetic spectrum of the far-distant astronomical object we observe “now” on Earth has taken 

place before a time interval 
t
r
c

δ =
. From Equation (5.1) we have that the rest mass ( )0m r  on the 

distant astronomical object at the moment of emission was, 

( ) 0
0 2

01 exp

M
m r

bM c
K

rt
c

=
+

  −     . (5.3) 
From Equations (5.1) and (5.3) we obtain, 

( )0 0

2
0

2
0 0

1 exp

1 exp exp
m r m

bM cK t

bM c bM cK t r

 
+  

 =
   + −   

  



  . (5.4) 

Different particles have different rest mass 0M  . Furthermore, in different particles the self-
variation can evolve in a different way, which can be expressed by a different value of the constant 
b . Thus in Equation (5.4) we denote, 
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2 2
0 0 0k

p

bM c b M c
k= = >

  . (5.5) 

With the index ‘ p  ’ we denote the particle to which the constant pk   refers. With this 
symbolism, Equation (5.4) is written in the form, 

( )0 0

1

1

p

pp
r
c

k t

kk t

K
m r m

K

e

e e
−

+

+
=

. (5.6) 
We now denote by A  the time-dependent function, 

( ) ( ) 0pk t
pA A t t Ke= = −Φ = − >

. (5.7) 
From Equations (5.6) and (5.7) we obtain, 

( )0 0

1

1 p
r
c

k

A
m r m

Ae
−

−

−
=

. (5.8) 
From Equation (5.7) we obtain, 

0p
dA A k A
dt

= = >
. (5.9) 

Similarly, starting from Equation (2.33) we get the following equations, 
2 2

0 0 0k
p

bM c b M c
k

′ ′
′= = >

  , (5.10) 

( ) 1

1 p
r
c

k

B
r

B
q q

e
− ′

−

−
=

, (5.11) 

( ) 0pk
p

tB B t K e ′′= = − >
, (5.12) 

0p
dB B k B
dt

′= = >
. (5.13) 

The replacement of the function ( )tΦ   with the functions ( )A t   and ( )B t   was done to 
preserve the notation of the cosmological scale equations as they are in already published articles 
[30], [31-35]. 

5.2. The Redshift of the Distant Astronomical Objects 

The fine structure constant α  is defined as 
2

04
eq
c

α
πε

=
 , (5.14) 

where eq  is the electric charge of the electron. From Equation (5.11) if eq q=  the charge of 
electron we obtain, 

( )
2

1

1 e
r

k
c

B
r

Be
α α

′−

−
=

−

 
 
 
  . (5.15) 

The energy of the electron in the atom is 
2 2

2 2

41
2

1, 2,3, ...

e
n

eK m q
E

n
n

Ζ
= −

=

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where em   is the rest mass and eq   is the electric charge of the electron, Z   is the atomic 

number and 0

1
4

K
πε

=
 is Coulomb’s constant [36, 37]. The wavelength λ  inversely proportional 

to the photon energy E , 

2c
E
π

λ =


 [38]. Therefore, the wave length λ  of the linear spectrum is 

inversely proportional to the factor 
4

e em q . If we denote by 0λ  the wavelength of a photon emitted 
by an atom “now” on Earth, in the laboratory and by λ  the same wavelength of the same atom 
received “now” on Earth from the far-distant astronomical object, the following relation holds, 

( ) ( )
4

4
0

e e

e e

m q
m r q r

λ
λ

=
 

and from Equations (5.8) and (5.11) if eq q=  the charge and 0 em m=  the rest mass of electron 
we obtain, 

4

0

1 1
1 1

e e
r rk k
c cAe Be

A B
λ
λ

′− −

=
 

− − 
 − − 
  . (5.16) 

From Equation (5.16) we have for the redshift z , 

0

0 0

1z λ λ λ
λ λ
−= = −

 
of the astronomical object that 

4

1
1 1

1 1

e e
r rk k
c c

z
Ae Be
A B

′− −

= −
 

− − 
 − − 
  . (5.17) 

From Equations (5.15) and (5.17) we get, 

( )

2

1
1

1

e
rk
c

z
r

Ae a
A a

−

= −
 −
 −   . (5.18) 

The increase of rest mass to over time is given by Equation (2.31). Considering that the electric 
charge of the electron contributes a small percentage to its total rest mass, we conclude that in 

Equations (2.31) and (2.33) is, 0 0M M′ << . If we assume that in the same particle the constant b  is 
the same for rest mass and electric charge, then then we conclude that the charge q  of the electron 

increases at a much lower rate, compared to the rate of increase of its rest mass 0m . This conclusion 
is confirmed by the cosmological data [39, 40]. Considering that the electric charge of the electron 
increases at a much slower rate than its rest mass, from Equation (5.18) we get, 

1
1

1

e
rk
c

z
Ae
A

−

= −
−
−  

and equivalently we obtain, 

1
1

e
r

k
cA

z e
A

−
= −

−
 
 
  . (5.19) 

For small distances r , from Equation (5.19) we get, 

1 1
1 e

A r
z k

A c
= − +

−
 
 
   
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and equivalently we get, 

( )1
ek Az

c A
r=

−  
and comparing this Equation with Hubble’s law cz Hr=  [41] we get, 

1
e

e A

k A
H H

−
= =

, (5.20) 

where eH H=  is the Hubble constant for the linear spectrum of atoms. If the measurements 
we make depend on the ΄΄heavy΄΄ particles, such as the proton and neutron, Equation (5.20) becomes, 

1
p p

p
pA

k A
H

−
=

. (5.21) 
The Self-Variation Theory predicts the measurement of at least two values of the Hubble 

constant [28, 29]. On the cosmological scale, the self-variation of the electron and the heavy particles 
correspond to different values of Hubble's constant. 

Taking into account that 0H > , 0A >  and 0ek > , from Equation (5.20) we get, 
1A< . 

From Equation (5.10) we get, 

1 A

Az
−

<
 

and taking into account that 0A >  we obtain, 

1
1

A
z
z
< <

+ . (5.22) 
From this inequality and considering the possible values of redshift we conclude that, 

1A −→ . (5.23) 
The limit (5.23) implies that we can go far back into the past, giving increasingly large values of 

redshift z  . The Self-Variation Theory Equations on the cosmological scale are compatible with 
extremely large values of redshift. 

From Equation (5.20) we get, 

1e

dH d A
H k

dt dt A
= =

−
 
 
 


 

and equivalently we get, 

( )21
e

A
H k

A
=

−




 
and with Equation (5.9) we get, 

( )

2

21
ek AH
A

=
−



 
and with Equation (5.20) we get, 

2dH H
H

dt A
= =

. (5.24) 
From this Equation and limit (5.23) we conclude that Hubble's constant increases slightly with 

time. Considering that 1A −→  , the rate of change of Hubble's constant is equal to its square, 
2H H= . In the context of Self-Variation Theory the Hubble constant is a variable parameter which 

increases over time, at an extremely slow rate. The same slight increase with time is also predicted 
for the redshift, for a specific distant astronomical object, which is at a distance r . From Equations 
(5.19) and (5.9) we get, 
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dz H
z z

dt A
= =

. (5.25) 
From Equation (5.19) we get, 

( )
ln

1e

c A
r

k A z A
=

− − . (5.26) 
This Equation gives the distance r  of a distant astronomical object as a function of redshift z . 

To measure cosmological-scale distances through the redshift requires the measurement of the 

constant ek   and the parameter eA A=  . Today we precisely measure the value of the Hubble 
constant H  . We also know the possible values of the parameter A  , as given by the limit (5.23) 

1A −→ . Thus we can calculate the possible values of the constant ek  from Equation (5.20). 

5.3. The Rest Mass of the Electron as a Function of Redshift 

From Equations (5.8) and (5.19) we obtain, 

( )
1

e
e

m
m z

z
=

+ . (5.27) 
The redshift is measured with great precision. Therefore, Equation (5.27) gives the relation 

between ( ) ( )e em z m r=  and em  very precisely. 
A large set of physical phenomena and mechanisms depend on the rest mass of the electron. 

Therefore it is important to know precisely its value in distant astronomical objects. This accuracy, 
for the rest mass of electron, is given by Equation (5.27). Self-Variation Theory gives a number of 
parameters of physics and astrophysics as a function of redshift. Thus, on the cosmological scale we 
can measure the effects of self-variation on a distant astronomical object based on redshift, which we 
measure precisely, rather than based on the object's distance, which we do not know. 

5.4. The Reduced Energies of Distant Astronomical Objects 

From Equation (5.27) we get, 

( )
1
E

E z
z

=
+  (5.28) 

for the energy 
2

eE m c=  of the electron. Taking into account the two measured values of the 
Hubble constant, we conclude that Equation (5.28) is also approximately valid for heavy particles. 
This Equation predicts that the energy resulting from hydrogen fusion and nuclear reactions is 
reduced in distant astronomical objects. This reduction in energy production likely affects the 
apparent brightness of distant astronomical objects. 

By considering all parameters of astrophysics that are a function of redshift, we can draw 
conclusions about the luminosity of distant astronomical objects, the amount of light they emits from 
their surface. Similarly, we can draw conclusions about how redshift affects the time and space 
evolution of specific mechanisms, such as the accretion of matter due to gravity or the explosion of a 
supernova. 

5.5. The Thomson and Klein-Nishina Scattering Coefficients as a Function of Redshift of the Distant 
Astronomical Objects 

The laboratory value of the Thomson scattering coefficient is given by equation, 
2

2 4
8
3

e
T

e

q
m c

πσ =
, (5.29) 

where em  the rest mass and eq  the electric charge of the electron. Thus we have, 
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( )
( ) ( )

2 2
T e

T e

z
z

m
m z

α
α

σ
σ

=
   
   

    

and taking into account the very slow rate of change of the fine structure constant ( ( )zα α≈ ) 
we get, 

( )
( )

2

T e

T e

z m
m z

σ
σ

=
 
 
   

and with Equation (5.27) we obtain, 
( ) ( )21T

T

z
z

σ
σ

+=
, (5.30) 

where ( )zσ  is the Thomson scattering coefficient in a distant astronomical with redshift z . 
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, 
2

0
2

0

3 2 1
ln

8 2T
m E
E m
c

c
σ σ +

  
=   

    (5.31) 
in the laboratory and, 

( ) ( ) ( )
( )

( )
( )
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8 2T

m z c E z
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E z m z c
zσ σ= +

   
   
     (5.32) 

in an astronomical object with redshift z . From Equations ( ) ( ) 2E z m z c=  and (5.28) we get, 
( )
( )

0 0m z m
E z E

=
 

and Equation (5.32) becomes, 
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m c E
z

E m c
zσ σ= +

   
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and with Equation (5.31) we get, 
( ) ( )T

T

z zσ σ
σ σ

=
 

and with Equation (5.30) we obtain, 
( ) ( ) ( )21T

T

z z
z

σ σ
σ σ

+= =
. (5.33) 

From Equation (5.33) we conclude that the Thomson and Klein-Nishina scattering coefficients 
increase with redshift and in the same way. 

From Equation (5.19) we obtain, 

lim
1r

A
A

z
→∞

=
− . (5.34) 

Then from Equations (5.33) and (5.34) we get, 
( ) ( )

( )2
1

1
T

T

r r

A

σ σ
σ σ
→ ∞ →∞

=
−

=
. (5.35) 

Considering the limit (5.23) and Equation (5.35) we conclude that the Thomson and Klein-
Nishina scattering coefficients had enormous values in the very early universe. In its initial phase the 
universe was totally opaque. From this initial phase of the evolution of the universe originates the 
Cosmic Microwave Background Radiation [42, 43] we observe today. 
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5.6. The Ionization and Excitation Energies of Atoms as a Function of Redshift of the Distant Astronomical 
Objects 

The ionization energy as well as the excitation energy of atoms nX  is proportional to the factor 
4

e em q , where em  is the rest mass and eq  the electric charge of the electron. Therefore we have, 

( ) ( ) ( ) 4
en e

n e e

X r r
X

q rm
m q

=
 
 
   

and considering that the electric charge of the electron increases at a much slower rate than its 
rest mass we get, 

( ) ( )n e

n e

X r r
X

m
m

=
 

and with Equation (5.27) we have, 
( ) ( ) 1

1
n n

n n

X r X z
X X z

= =
+  

and equivalently we obtain, 

( ) ( )
1

n
n n

X
X r X z

z+
= =

. (5.36) 
From Equation (5.36) we conclude that the ionization and excitation energies of atoms decrease 

with increasing 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 equation [44], 

1 1

expn n nN g X
N g KT

= − 
 
  , (5.37) 

where nN  is the number of atoms at energy level n , nX  the excitation energy from the 1st to 

the nth energy level, 
23 11.38 10K JK− −= ×   Boltzmann’s constant, T   the temperature in degrees 

Kelvin, and ng  the multiplicity of level n , i.e. the number of levels into which level n  is split apart 
inside a magnetic field. 

From Equations (5.36) and (5.37) we obtain, 

( )
( ) ( )1 1

exp
1

n n nN z g X
N z g KT z

= −
+

 
 
  . (5.38) 

From Equation (5.38) it follows that as z  takes extremely large values, the quotient 

( )
( )1

nN z
N z  

tends to quotient 1

ng
g . This limit is independent of the temperature T  and the laboratory excitation 

energy nX  from the 1st to the nth energy level. The real constraint in Equation (5.38) concerns the 
redshift values for which the hydrogen atom has structured. We will look at this limitation in the next 
Section 5.7. 

For the hydrogen atom for 2n = , 
19

2 10.2 16.34 10X eV J−= = × , 1 2g = , 2 8g =  and at the 

surface of the Sun where 6000T K≈ , Equation (5.37) implies that just one in 
810  atoms is at state 

2n = , i.e. 

2

1

810N
N

−=
. From Equation (5.38) we get the corresponding quotient 

2

1

N
N  as a function 
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of redshift z  . If 1z =   we have 

( )
( )

2

1

1
0.0002

1
N
N

=
 , if 2z =   we have 

( )
( )
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1

2
0.0056

2
N
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=
 , if 5z =  

we have 

( )
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2

1

5
0.1500

5
N
N

=
, and if 10z =  we have 

( )
( )

2

1

10
0.6672

10
N
N

=
. 

If 99,999z =  we have 

( )
( )

2

1

99,999
3.9992

99,999
N
N

=
. 

To estimate the temperature at high redshift z  values, it is essential to account for the decrease 
in energy release from hydrogen fusion and other nuclear processes, as described by Equation (5.28). 

Notably, in the limit of very large z , the ratio 

( )
( )

2

1

N z
N z  asymptotically approaches the ratio of the 

2

1

4g
g
=

. This is a consequence of Equation (5.38), 

( )
lim exp 1

1z

nX
KT z→∞

− =
+

 
 
  . 

For large redshift values it is necessary to take into account other parameters to draw conclusions 
about the conditions that prevailed in the universe. From Equation (5.36) we get 

( ) 599,999 10n nX X−=  . The universe could be ionized. Moreover, from Equation (5.33) we get 
( ) ( ) 1010T

T

z zσ σ
σ σ

= =
 . The very large values of the Thomson and Klein-Nishina scattering 

coefficients suggest an opaque universe. In any case, it follows from equations (5.36) and (5.38) that 
in the past, the universe went through an ionization phase of possibly long duration. 

5.7. The Position-Momentum Uncertainty as a Function of Redshift of the Distant Astronomical Objects 

Combining Equations (2.23) and (5.7) we have, 

( )1
i

i

c
J

A t
=

−  
in the laboratory, and 

( )1 1 exp

i i
i

p

c c
J

r r
A t A t k

c c

= =
− − − −   

   
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for an astronomical object at distance r , and combining these two Equations with Equation (5.8) 
we get, 

( ) ( )0

0

i

i

J r m r
J m

=
 

and with Equation (5.27) we obtain, 
( ) ( ) 1

1
i i

i i

J r J z
J J z

= =
+ . (5.39) 

From the position-momentum uncertainty [45], for the axis ix  we have, 

i iJ xΔ    
in the laboratory, and 
( ) ( )i iz zJ xΔ    

for the astronomical object, and combining these two relations we get, 
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( ) ( )i i i iz zJ x J xΔ = Δ  
and with Equation (5.39) we have, 

( ) ( )1i iz zx x+Δ = Δ . (5.40) 

From Equation (5.40) we conclude that the uncertain ( )i zxΔ  of position of a material particle 
increases with the redshift. Moreover, as the universe evolved towards the state we observe today, 
the uncertainty of position of material particles was decreasing. 

From Equations (5.40) and (5.34) we have, 

( )
1

i
i r

x
x

A
→ ∞

Δ
Δ

−
=

. (5.41) 
Considering the limit (5.23) and Equation (5.41) we conclude that in the very early universe there 

existed great uncertainty of position of material particles. As a consequence of Equation (5.27), the 
same conclusions arise for the Bohr radius, 

2
04

Bohr
e e

R
q m
πε

=


. 
As a function of redshift it is given by the equation, 

( ) ( )1Bohr Bohrz zR R+=  (5.42) 
and its limiting value in the very early universe is given by the equation, 

( )
1
Bohr

Bohr r
R

R
A

→ ∞
−

=
. (5.43) 

From equation (5.40) it follows that as the redshift z  increases, so does the uncertainty of the 
position of the material particles. From Equation (5.41) it follows that the uncertainty of the position 
of material particles in the very early universe tends to infinity. In the very early universe, from a 
redshift value and up, all points in the universe communicated with each other. 

From Equation (5.43) it follows that the Bohr radius in the very early universe tends to infinity. 
From Equation (5.42) it follows that as the redshift z  increases, the Bohr radius in the hydrogen 
atom also increases. Therefore, from one value of the redshift and above there is no electromagnetic 
interaction proton-electron. In the distant past, from a value of redshift and above the hydrogen atom 
has not yet been structured. In the early universe there is no linear electromagnetic spectrum. 

5.8. On the Type Ia Supernovae 

The production of energy in the universe is mainly through hydrogen fusion and nuclear 
reactions. Therefore, the energy produced in the past at distant astronomical objects was smaller than 
the corresponding energy produced today in our galaxy (refer to Equation (5.28)). Reduced energy 
production indirectly affects the brightness of distant astronomical objects. Fundamental parameters 
of astrophysics depend on redshift. The dependence of these parameters on redshift can also affect 
the brightness of distant astronomical objects. Increased values of the Thomson and Klein-Nishina 
scattering coefficients (refer to Eqqation (5.33)) reduce the luminosity of an ionized gas cloud. There 
are cases in which the reduced masses of material particles affect the brightness of distant 
astronomical objects. Reduced masses mean greater agility of material particles. 

A characteristic example concerns type Ia supernovae. The value of the rest mass of the electron, 
given as a function of the redshift z   from Equation (5.27), plays a defining role at all phases of 
evolution of a star which ends up exploding as a type Ia supernova. The same is true for the reduced 
mass of the hydrogen atom. Another factor affecting the luminosity of type Ia supernovae is the 
increased value of the Bohr radius in the hydrogen atom, compared to its laboratory value. As a 
consequence of Equations (5.27) and (5.42) the intrinsic luminosity of supernovae of type Ia 
supernovae depends on redshift. The dependence of brightness on redshift is recorded at the 
seemingly long distances of type Ia supernovae [19, 20]. Type Ia supernovae cannot be used as 
standard candles for measuring distances on the cosmological scale. 
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5.9. The Evolution of the Universe. Vacuum State 

From Equation (5.36) 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 (5.28) we have, 

( )
2

2 0
0 1

m c
m z c

z
Δ

Δ =
+  

for the energy 
2

0m cΔ , the mass deficiency, which ties together the particles which constitute the 

nuclei of the elements. According to this Equation the energy 
2

0m cΔ  , the same as the ionization 
energies, increased as the universe evolved towards its present state. 

From Equations (5.27) and (5.34) we have, 
( ) ( )0 0 1 0m r m A→∞ = − ≠ . (5.44) 

Considering the limit (5.23) and Equation (5.44) we conclude that, as the universe tends toward 
its initial state, the rest masses of material particles tend to zero, 

( ) ( )0 0 1 0m r m A +→ ∞ = − → . (5.45) 
With the notation we follow, from Equations (2.22) and (5.7) we have, 

( )
2

0
0 1

m c
E z A

z
= −

+ , ( ) ( ) 2
0 01 0E r A A m c −→ ∞ = − − →  (5.46) 

According to relations (5.45) and (5.46) the initial state of the universe tends asymptotically to 
zero. Taking into account all kinds of negative potential energy in the structures of the universe, on 
microscopic and macroscopic scales, we conclude that the total mass / energy of the universe 
asymptotically tends to zero or is zero. We called this initial state of the universe the ʺVacuum State.ʺ 
Taking into account the conservation of energy-momentum we conclude that the universe, as a 
whole, is permanently in the Vacuum State (in the sense that its total energy content tends to zero or 
is equal to zero), at every moment in time, in all phases of its evolution. 

As a consequence of the Vacuum State, the gravitational interaction cannot play the role 
attributed to it by the Standard Cosmological Model. Gravity cannot cause either the collapse or the 
expansion of the universe. 

The gravitational interaction strengthens with the passage of time, as the rest masses of material 
particles increase. From one point and on this is in position to accumulate matter within “small” 
regions of space. The role of gravity is limited to the creation of the large structures of the universe. 

Based on the Equations of the Self-Variation Theory at the cosmological scale, for each value of 
the redshift we get a corresponding value of the astrophysical parameters. Therefore, these Equations 
make it possible to theoretically predict the evolution of the universe from its initial state to its most 
recent form, as we observe it in our galaxy. 

5.10. A Comparison of the Cosmological Predictions of Self-Variation Theory Versus the Standard 
Cosmological Model, Based on the Cosmological Data 

In this Section we compare the predictions of the Standard Cosmological Model and the Self-
Variation Cosmological Model, based the fourteen main cosmological data. The interpretation of 
physical reality, the physical world, is based on the available Theories of Physics. This also applies to 
the cosmological data. We could say that the Standard Cosmological Model is based on twentieth 
century Theories of physics. However, this is not accurate. Theories of the twentieth century, by 
themselves, do not justify the cosmological facts. Their justification requires a series of additional 
assumptions which do not follow from the Theory but have been introduced into the Standard 
Cosmological Model in order to bring it into agreement with the cosmological data. The Dark Matter 
hypothesis was made to make twentieth-century theories of gravity compatible with observational 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 September 2025 doi:10.20944/preprints202509.2574.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.2574.v1
http://creativecommons.org/licenses/by/4.0/


 88 of 140 

 

data on large structures of matter, galaxies and galaxy clusters. Despite decades of effort, and the 
large quantity required to play the role attributed to it, so far no Dark Matter particles have been 
observed. The inflation hypothesis is not self-consistent and the length of time it is assumed to have 
lasted is arbitrary. The Dark Energy hypothesis was made under the weight of observational data. 
Measurements of cosmological-scale distances via Type Ia supernovae were made to confirm the 
slowing rate of expansion of the universe, as predicted by twentieth-century theories of gravity. The 
measurements gave the opposite results. Dark Energy was a still needed addition to the theoretical 
background of the Standard Cosmological Model. The observed flatness of the universe and the two 
measured values of Hubble's constant are completely incompatible with the Standard Cosmological 
Model. 

The Self-Variation Theory reasons cosmological data as a consequence of the self-variation of 
fundamental particles. The cosmological facts result from the combination of the three principles of 
the Theory and no additional hypothesis is required. Equations (5.27), (5.36), (5.38), (5.33), (5.40), 
(5.42) and (5.28) give seven astrophysical parameters as a function of redshift z . These parameters 

are the mass em  of the electron and in general the mass of the fundamental particles, the ionization 

energy nX  and the degree of ionization 1

nN
N  of the atoms, the Thomson Tσ  and Klein-Nishina σ  
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These equations predict the observed cosmological data, with the sole exception of the variation 
of the fine-structure constant, which is specifically addressed by Equation (5.11). The implications of 
the redshift-dependence of the astrophysical parameters are found to be in complete agreement with 
all currently available cosmological observations. This agreement is by no means self-evident. In 
principle, a parameter—or a combination of parameters—varying with redshift could lead to 
discrepancies with the data. In such a case, the validity of the Self-Variation Theory would be called 
into question. 

It is important to emphasize that the Self-Variation Theory, being axiomatically constructed, 
does not permit the introduction of ad hoc assumptions external to its foundational framework in 
order to reconcile its predictions with observations. Apart from the three core principles on which it 
is based, the theory introduces no further hypotheses to achieve consistency with cosmological data. 
All resulting conclusions arise strictly from the mathematical consequences of these foundational 
principles. 

In what follows, we present a detailed comparison between the predictions of the two models, 
with respect to each of the fourteen principal cosmological observables. 
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5.10.1. Origin of the universe 

The justification for the redshift also determines the predictions of a Cosmological Model for the 
origin and evolution of the universe. The different justification of the redshift by the Standard 
Cosmological Model (expansion of the universe, macroscopic cause) and by the Self-Variation Theory 
(self-variation of material particles, microscopic cause) lead to completely different predictions about 
the origin and evolution of the universe. 

Going back in time, in the distant past the Standard Cosmological Model predicts the Big Bang 
as the beginning of the universe. The same prediction is made by the related Cosmological Models 
which justify the red shift through the expansion of the universe. The Self-Variation Theory predicts 
as the beginning of the universe a completely different state, the Vacuum State. In the distant past, 
the early universe differed little or not at all from the vacuum. 

In summary, the justification given by each Model for the origin of the universe is as follows. 
Standard Cosmological Model; Big Bang. 
Self-Variation Cosmological Model; Vacuum State. 

5.10.2. Redshift 

The phenomenon of cosmological redshift has played a pivotal role in shaping our 
understanding of the universe. Beginning in 1912, Vesto Slipher was the first to observe that most 
spiral galaxies exhibit redshifted spectra—an observation that would later underpin fundamental 
cosmological theories [46]. Edwin Hubble, studying redshift with Milton Humason, established a 
correlation between a galaxy’s redshift and its distance from Earth—a relationship that laid the 
groundwork for what would eventually become the Standard Cosmological Model [41]. 

However, Hubble himself remained cautious in interpreting the physical significance of redshift. 
In a 1931 letter to Willem de Sitter, Hubble wrote: 

“Mr. Humason and I are both deeply sensible of your gracious appreciation of the papers on velocities and 
distances of nebulae. We use the term ́ apparentʹ velocities to emphasize the empirical features of the correlation. 
The interpretation, we feel, should be left to you and the very few others who are competent to discuss the matter 
with authority.” [47] 

This cautious tone was not a passing sentiment. As Allan Sandage later emphasized, Hubble 
maintained a degree of skepticism about the expanding-universe interpretation until the end of his 
life: 

: “…To the very end of his writings, he maintained this position, favouring (or at the very least keeping 
open) the model where no true expansion exists, and therefore that the redshift represents a hitherto 
unrecognized principle of nature.” [48] 

This “unrecognized principle” alluded to by Hubble may find a theoretical framework in the 
Self-Variation Theory (SVT). According to SVT, the redshift observed in distant astronomical objects 
could stem from a microscopic cause—namely, the gradual self-variation of the electron's rest mass 
over cosmological time. 

Traditional interpretations, embedded in the framework of General Relativity and Big Bang 
cosmology, attribute redshift to the expansion of spacetime itself [49, 50, 51]. Yet, the electromagnetic 
spectrum of atoms—particularly the hydrogen atom—is determined by fundamental constants: the 
electron’s rest mass and electric charge, the electric permittivity of free space, the speed of light in a 
vacuum, and Planck's constant. A systematic variation in one or more of these constants, particularly 
the rest mass of the electron, could also produce the observed spectral shifts, even in a non-expanding 
(static) universe. 

Despite the knowledge of these dependencies [36, 37], the possibility that redshift arises from a 
time-evolving electron mass—or any microscopic variation in physical constants—was not seriously 
pursued during the 20th century. The dominant narrative has focused almost exclusively on 
macroscopic explanations, sidelining potentially viable microscopic mechanisms. 

SVT challenges this orthodoxy by proposing that redshift may not be evidence of spatial 
expansion, but rather a signature of temporal evolution in fundamental particle properties. In this 
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light, the redshift becomes a record of physical change over time, imprinted in the spectra of distant 
objects. 

If the predictions of SVT hold, they may provide the theoretical foundation for the 
“unrecognized principle” that Hubble suspected. This reinterpretation not only revisits the original 
ambiguity in Hubble’s stance but also opens a new line of inquiry into the nature of cosmic 
evolution—one that does not necessitate the expansion of the universe, but instead posits a dynamic 
microphysical substrate. 

Summary of Redshift Interpretation in Competing Cosmological Models: 
The interpretation of cosmological redshift differs fundamentally between the Standard 

Cosmological Model and the Self-Variation Cosmological Model: 
Standard Cosmological Model: 
Redshift is interpreted as a direct consequence of the expansion of the universe. As space itself 

stretches over time, the wavelengths of photons traveling through it are elongated, resulting in the 
observed redshift of light from distant galaxies. 

Self-Variation Cosmological Model (SVCM): 
Redshift is attributed to the self-variation of the electron's rest mass over cosmological time. In 

this framework, the electron had a significantly lower rest mass in the distant past (corresponding to 
higher redshift values), which led to lower atomic transition energies. Consequently, the light emitted 
by atoms in the early universe appears redshifted when observed today, not because of spatial 
expansion, but due to intrinsic microscopic evolution in fundamental constants. 

5.10.3. Cosmic Microwave Background Radiation 

The Cosmic Microwave Background Radiation (CMBR) refers to a faint, nearly isotropic 
background radiation that fills all of space and reaches Earth uniformly from every direction. It has 
been firmly established that this radiation does not originate from stars, galaxies, or other discrete 
astronomical objects. Its spectral energy distribution peaks in the microwave region of the 
electromagnetic spectrum, and its accidental discovery by Penzias and Wilson in 1964 [42, 43] played 
a pivotal role in confirming and popularizing the Standard Cosmological Model (SCM). 

In the context of the SCM, the CMBR is interpreted as a remnant of the Big Bang—the ̋ afterglowʺ 
of the primordial fireball. The early universe is thought to have existed as a hot, dense plasma 
primarily composed of ionized hydrogen. Due to high energy and ionization, Thomson scattering 
dominated photon interactions, making the universe opaque to radiation. As the universe expanded 
and cooled, it reached a critical temperature (~3000 K) where protons and electrons could recombine 
to form neutral hydrogen atoms. This phase, known as the recombination period, occurred roughly 
379,000 years after the Big Bang. After recombination, photons could propagate freely without 
scattering—this is referred to as photon decoupling. These freely streaming photons are now 
observed as the CMBR, redshifted to an effective blackbody temperature of ~2.73 K. 

Moreover, the polarization of the CMBR—an observed and well-measured feature—arises 
naturally in the SCM due to Thomson scattering in an ionized medium prior to recombination. The 
consistency of this prediction with observations has contributed significantly to the model’s 
credibility. 

However, the Self-Variation Cosmological Model (SVCM) offers a fundamentally different 
interpretation rooted in evolving microphysical parameters. According to the SVCM, many 
fundamental physical constants, including the rest mass and electric charge of the electron, vary over 
cosmological time. These time-varying parameters influence scattering processes and the opacity of 
the universe in its early phases. 

In this framework, the Thomson and Klein-Nishina scattering coefficients attain extremely large 
values in the very early universe (as shown in Equations 5.33, 5.35, and the limit in 5.23). These 
coefficients are heavily dependent on the electron's rest mass, which is predicted by the theory to 
approach zero as we move back in time toward the initial Vacuum State. Consequently, the free 
electron density and the strength of interaction between photons and free electrons would have been 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 September 2025 doi:10.20944/preprints202509.2574.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.2574.v1
http://creativecommons.org/licenses/by/4.0/


 91 of 140 

 

sufficient to render the universe highly opaque in its initial phase. This leads naturally to blackbody 
radiation conditions—essentially predicting the CMBR as an emergent property of the high-opacity, 
ionized state of the early universe. 

Furthermore, the initial ionization of the universe—as deduced from Equations 5.36 and 5.38—
also implies that the CMBR should exhibit polarization, aligning with empirical observations. The 
SVCM, therefore, does not require a singular explosive event (i.e., a Big Bang) to account for the 
CMBR. Instead, it derives it as a natural consequence of the dynamics of self-varying physical 
parameters within an evolving universe. 

The SVCM formalism allows astrophysical parameters to be expressed as functions of redshift, 
a quantity that is empirically measurable with high precision. This enables the accurate 
reconstruction of the universe’s thermodynamic and electromagnetic conditions across its history. 
Given the precision of the SVCM’s predictive framework, its explanation of the CMBR is presented 
not as a speculative alternative but as a theoretically grounded and calculable consequence of the 
model. 

Summary: Justification of the Cosmic Microwave Background Radiation in Competing Models 
Standard Cosmological Model: 
The CMBR is interpreted as a relic radiation from the Big Bang, produced during the 

recombination period and observed today after redshift cooling to ~2.73 K. Its polarization is 
attributed to Thomson scattering in the early ionized universe. 

Self-Variation Cosmological Model: 
The CMBR arises from the extremely high values of the Thomson and Klein-Nishina scattering 

coefficients in the very early universe, caused by the near-zero electron rest mass in the initial 
Vacuum State. The resulting high opacity and ionization naturally yield blackbody radiation and its 
observed polarization, without invoking a primordial explosion. 

5.10.4. Increased luminosity distances of type Ia supernovae 

On cosmological scales, the distances of astronomical objects can be estimated via redshift, 
provided that the exact value of the Hubble constant is known. However, the determination of 
distances to distant astronomical sources is a considerably more complex issue. The first challenge 
arises from the very definition of ʺdistance,ʺ as this concept differs in flat versus curved geometries. 
Observational data indicate that the large-scale structure of the universe is flat; thus, Euclidean 
geometry can be employed to define the distance of a distant source based on its redshift. 

This distance — corresponding to the location of the object at the moment it emitted the 
electromagnetic radiation currently observed on Earth — is embedded within Hubble's law. To verify 
the validity of Hubble's law, however, one must also be able to determine cosmic distances through 
independent methods. 

Astronomical distances can be measured through a hierarchy of techniques, depending on the 
scale. At small scales, geometric (trigonometric) methods such as triangulation are employed. For 
greater distances, astronomers utilize so-called standard candles — celestial objects whose intrinsic 
luminosity can be inferred from observable properties, such as the periodicity of their brightness. 
Cepheid variables and other pulsating stars serve as classic examples. In addition, Type Ia 
supernovae — whose light curves follow a characteristic temporal profile — are used as powerful 
standard candles. These supernovae exhibit rapid increases in luminosity and emit vast amounts of 
energy, rendering them visible even in extremely distant galaxies. As such, they are essential tools 
for constructing the cosmic distance ladder. 

One of the most widely used distance measures in cosmology is the luminosity distance, denoted 
D. It is derived from the observed flux received on Earth, given the known intrinsic luminosity of the 
source. Since energy spreads spherically, the received flux is inversely proportional to the square of 
the distance. Importantly, D differs from the geometric (or comoving) distance r, because the total 
energy emitted may not correspond exactly to theoretical assumptions. If the intrinsic luminosity is 
lower than expected, D will be overestimated; conversely, if it is higher, D will be underestimated. 
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The light curves of Type Ia supernovae allow precise determination of their absolute 
magnitudes, enabling distance estimations across cosmological scales. In the late 1990s, two 
independent teams — led by Adam Riess [19] and Saul Perlmutter [20] — used Type Ia supernovae 
to perform long-distance measurements aimed at confirming the deceleration of cosmic expansion. 
According to the Standard Cosmological Model (SCM), the gravitational influence of matter-energy 
content should cause a gradual slowing of the expansion rate. Surprisingly, the observational results 
contradicted these expectations. The measured luminosity distances of Type Ia supernovae were 
significantly larger than those predicted by the SCM. Two hypotheses emerged to account for this 
discrepancy: 

The characteristic light curve of Type Ia supernovae may differ in distant galaxies compared to 
those in the Milky Way. 

The universe is undergoing accelerated expansion. 
The first hypothesis is inconsistent with the principles of 20th-century physics and is therefore 

discarded. The second hypothesis, however, implies the existence of an unknown form of energy that 
permeates space and drives repulsive gravitational effects. This led to the introduction of dark 
energy, a term coined to represent the agent responsible for the observed acceleration. 

Dark energy is incorporated into Einstein’s field equations via the cosmological constant 
Lambda Λ, initially introduced by Einstein to model a static universe. The currently prevailing 
cosmological model, known as the Lambda Cold Dark Matter (ΛCDM) model, adopts this 
framework. While other cosmological models have been proposed — some similar, others radically 
different — all share the dark energy hypothesis as a central feature. Despite intense speculation, the 
origin, nature, and distribution of dark energy remain largely unknown. 

According to the Self-Variation Theory, seven astrophysical parameters are redshift-dependent 
(see Equations (5.27), (5.28), (5.33), (5.36), (5.38), (5.40), and (5.42)). Among these are the rest masses 
of fundamental particles, such as the electron and hydrogen atom. These parameters influence every 
stage in the evolution of a Type Ia supernova — from the progenitor binary system to the supernova 
explosion itself. Consequently, physical characteristics such as the Chandrasekhar limit, light curve 
profiles, and energy output may differ across cosmic time. 

As redshift increases, these differences become more pronounced. Therefore, Type Ia 
supernovae cannot be universally treated as standard candles across all redshifts. Accurate 
determination of their luminosity distances on cosmological scales requires accounting for the 
redshift-dependence of fundamental parameters. The Self-Variation Theory provides the necessary 
framework and equations to perform such corrections. 

Summary: Interpretation of the Increased Luminosity Distances of Type Ia Supernovae 
Standard Cosmological Model: 
The increased luminosity distances are explained by accelerated cosmic expansion, necessitating 

the introduction of Dark Energy as a repulsive force to align theoretical predictions with 
observations. 

Self-Variation Cosmological Model: 
The observed increase in luminosity distances is a direct consequence of the redshift-dependent 

variation of fundamental physical constants, which alter the behavior and brightness of Type Ia 
supernovae over time. As a result, Type Ia supernovae cannot serve as universal standard candles 
without accounting for this variation. The SVCM provides the equations required to model these 
effects accurately. 

5.10.5. Flatness of the universe 

Observational data from the cosmic microwave background and large-scale structure surveys 
strongly support the conclusion that, on cosmological scales, spacetime is flat. According to General 
Relativity, the curvature of spacetime is determined by its energy content [49]. A spatially flat 
universe corresponds to a critical energy density, characterized by a density parameter Ω=1. If Ω>1, 
the universe is closed and positively curved; if Ω<1, the universe is open and negatively curved. 
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In the context of the Standard Cosmological Model (SCM), this flatness is not an intrinsic 
prediction but a fine-tuned requirement. Mathematical analysis reveals that for the universe to 
remain flat over cosmic time, the initial value of Ω must have been extraordinarily close to 1 in the 

immediate aftermath of the Big Bang—so close that even a deviation of one part in 
6010  would lead 

to significant curvature today. This situation, often referred to as the flatness problem, suggests that 
the observed flatness of the universe is highly improbable under standard assumptions. 

Furthermore, by the late 1970s, improved estimates of matter density revealed a significant 
discrepancy: inserting the observed energy density into the Einstein field equations would predict a 
universe that should have rapidly recollapsed shortly after the Big Bang. To reconcile these 
contradictions, physicists introduced the inflation hypothesis. According to this hypothesis, during 

the first 
3610−

  to 
3210−

  seconds of the universe's existence, space underwent an exponential 
expansion. This inflationary phase would stretch out any initial curvature and drive Ω towards 1, 
thereby explaining the current flatness of the universe, preventing gravitational collapse, and 
addressing other cosmological puzzles—namely the horizon problem and the monopole problem 
[52]. 

However, the inflation hypothesis, while widely adopted, is not without significant theoretical 
issues. It introduces a degree of arbitrariness, especially regarding the initiation and cessation of 
inflation. Two central questions remain unresolved: 

Why did inflation last exactly long enough to offset gravitational collapse—but no longer? 
How did inflation begin and end with such precision? 
Attempts to answer these questions often involve speculative quantum field theories or exotic 

scalar fields (e.g., the inflaton), yet none have been conclusively validated by observational evidence. 
Additionally, recent high-precision cosmological data increasingly challenge some predictions of 
simple inflationary models [57-60]. After nearly five decades of development, inflation remains an ad 
hoc solution to fundamental structural issues in the SCM. Nonetheless, within the framework of 
twentieth-century physics, inflation was considered unavoidable to ensure internal consistency. 

In contrast, the Self-Variation Cosmological Model (SVCM) offers a fundamentally different and 
arguably more natural explanation for the universe's flatness. 

Starting from the Vacuum State and invoking energy-momentum conservation, the SVCM 
predicts that the total energy content of the universe tends to zero—globally—at all stages of cosmic 
evolution. This includes not only rest energy and kinetic energy, but also negative potential energy 
from gravitational and other fundamental interactions. When these components are fully accounted 
for, particularly across all distance scales, the net energy within any cosmological domain approaches 
zero. 

A central feature of the Self-Variation Theory is that the rest masses of particles are not constant, 
but vary over time as functions of cosmological parameters such as redshift. This self-variation of rest 
mass contributes a dynamically evolving negative energy background, which balances the positive 
energy of matter and radiation. 

Consequently, the universe—across all phases of its evolution—is characterized by a zero total 
energy condition. This balance necessitates that the universe be spatially flat. Therefore, in the context 
of SVCM, the flatness of the universe is not a coincidence requiring fine-tuning or inflation, but a 
natural and inevitable outcome of the theory's foundational principles. 

Summary: Interpretation of the Universe’s Flatness in Competing Models 
Standard Cosmological Model: 
The flatness of the universe is not naturally predicted and is instead explained by the inflation 

hypothesis, which posits a brief period of exponential expansion to force the density parameter Ω 
towards 1. This hypothesis, however, introduces unresolved theoretical issues and remains 
speculative. 

Self-Variation Cosmological Model: 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 September 2025 doi:10.20944/preprints202509.2574.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.2574.v1
http://creativecommons.org/licenses/by/4.0/


 94 of 140 

 

The flatness of the universe is a direct consequence of the zero-total-energy condition resulting 
from the self-variation of rest mass and associated negative potential energy. Thus, flatness is intrinsic 
to the model and requires no additional hypotheses. 

5.10.6. Nucleosynthesis of the chemical elements 

Immediately following the Big Bang, the universe is theorized to have existed in an extremely 
hot and dense state, with temperatures exceeding 10 billion Kelvin. In this early phase, matter and 
radiation were in thermodynamic equilibrium, forming a primordial plasma composed of 
fundamental particles such as quarks, leptons, and gauge bosons. As the universe expanded, it also 
cooled, transitioning through critical thermodynamic thresholds that enabled the formation of 
increasingly complex particles. 

In the framework of the Standard Cosmological Model, the cooling rate of the universe is directly 
linked to its expansion rate, governed by the equations of General Relativity and thermodynamics. 
At approximately 1 second after the Big Bang, the temperature had decreased to around 10¹⁰ K, 
allowing the formation of stable protons, neutrons, electrons, and neutrinos. As cooling continued to 
10⁹–10⁸ K, conditions became favorable for Big Bang Nucleosynthesis (BBN)—the fusion of light 
nuclei from the primordial soup of subatomic particles. 

This nucleosynthesis phase, which lasted for only a few minutes, produced primarily helium-4, 
along with smaller amounts of deuterium, helium-3, and lithium-7. Detailed mathematical models 
based on twentieth-century particle physics and nuclear reaction rates have successfully predicted 
the relative abundances of these light elements. These predictions are in remarkable agreement with 
observational data, such as spectroscopic measurements of ancient gas clouds and cosmic microwave 
background anisotropies [57, 58]. Thus, within the Standard Model, nucleosynthesis is a well-
established and successful theoretical outcome, contingent on an assumed relation between 
temperature evolution and cosmic expansion. 

In contrast, the Self-Variation Cosmological Model approaches the formation of particles and 
nuclei from a different foundational perspective. Beginning from a Vacuum State, the model posits 
that complex particles emerge due to the progressive intensification of fundamental interactions—a 
consequence of the self-variation of rest mass and other fundamental quantities over space and time. 

As explored in Chapter 3, the SVCM introduces additional structural insight into the 
electromagnetic interaction. Notably, the theory allows for a spatial distribution of electric charge 
and current in the surrounding spacetime of a point particle, derived from the density expressions 
given in Equation (3.47). This leads to the interpretation that elementary particles may not be purely 
localized but have extended electromagnetic properties as a result of self-variation. In Chapter 4, the 
theory introduces eight distinct interactions that derive from rest mass. These interactions are 
characterized by the critical feature of being neither purely attractive nor purely repulsive, which 
enables the stable formation of bound systems—possibly including atomic nuclei. 

In the SVCM, the emergence of fundamental and composite particles, including nuclei, is not 
merely a consequence of thermodynamic conditions, but results from a deeper dynamical process 
driven by rest mass variation. While the full mathematical development of nucleosynthesis in this 
context requires an investigation into the unified treatment of interactions described in Chapters 3, 4, 
and 6, the model implies that the synthesis of elements may follow alternative mechanisms, perhaps 
not strictly reliant on a specific temperature-expansion relation. 

At present, this investigation is ongoing and not yet fully included in the published framework 
of the theory. Nevertheless, the SVCM provides the mathematical groundwork for a potentially novel 
explanation of elemental synthesis, rooted in the self-variation of physical constants and the 
emergence of interactions as a function of redshift and spacetime evolution. 

Summary: Interpretation of Nucleosynthesis in Competing Models 
Standard Cosmological Model: 
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Predicts the synthesis of light elements based on the established principles of nuclear physics 
and thermodynamics. These predictions are consistent with observed abundances, provided a 
specific relationship between the universe’s expansion rate and its cooling rate is assumed. 

Self-Variation Cosmological Model: 
Suggests that the formation of fundamental and composite particles, including atomic nuclei, 

arises from self-variation-driven interactions—particularly those involving the rest mass of particles. 
While a full predictive framework for nucleosynthesis is not yet published, the theory lays the 
mathematical and conceptual foundations for an alternative explanation, pending further 
investigation. 

5.10.7. Ionization of atoms in the early universe 

In the aftermath of the Big Bang, the universe was in a state of extremely high temperature and 
density. Under such conditions, matter existed in the form of a fully ionized plasma—a mixture of 
free protons, electrons, and other elementary particles in thermal equilibrium with radiation. This 
ionized phase, characterized by frequent photon scattering via Thomson scattering, rendered the 
universe opaque to electromagnetic radiation. This period lasted approximately 380,000 years, during 
which photons could not travel freely through space. 

As the universe expanded, it cooled, eventually reaching a temperature at which electrons and 
protons could recombine to form neutral hydrogen atoms. This epoch is known as recombination. 
The formation of neutral hydrogen dramatically reduced the universe’s opacity, allowing photons to 
decouple from matter and propagate freely—giving rise to the Cosmic Microwave Background 
(CMB) radiation. This marked the transition to the so-called “dark ages” of the universe, a period 
with no visible light sources until the formation of the first stars and galaxies. 

Subsequently, ultraviolet radiation emitted by the first generations of stars began to reionize the 
intergalactic hydrogen. This reionization epoch reestablished the ionized state of hydrogen 
throughout the intergalactic medium, where it remains fully ionized today. Observational data, 
including measurements of CMB polarization and the Lyman-alpha forest in quasar spectra, align 
well with this timeline of recombination and reionization, validating the predictions of the Standard 
Cosmological Model. 

In contrast, the Self-Variation Cosmological Model (SVCM) approaches the ionization history of 
the universe from a fundamentally different theoretical foundation. In this framework, the redshift 
observed in astronomical spectra is interpreted not as a result of cosmic expansion, but as a direct 
consequence of the variation in the ionization energy of atoms over cosmological time. 

Specifically, SVCM posits that the ionization energy of atoms is a function of redshift—i.e., it 
decreases as one looks further back in time (to higher redshift values). According to Equations (5.36) 
and (5.38), in the early universe, the ionization energy tends asymptotically toward zero. 
Consequently, atomic systems—such as hydrogen—could not yet form, and the universe remained 
ionized due to the inability of protons and electrons to bind into stable atoms. 

The formation of hydrogen in this context depends critically on the Bohr radius, which itself is 
redshift-dependent. As shown in Equations (5.42), (5.43) and the limit (5.23), the hydrogen atom 
becomes stable only when the Bohr radius decreases below a certain threshold, allowing electrostatic 
attraction to dominate over quantum uncertainty. This dependency introduces a quantum-dynamical 
condition for recombination, rooted in the self-variation of rest mass and electric charge, rather than 
purely thermal considerations. 

Moreover, in the SVCM, the extremely large values of the Thomson and Klein-Nishina scattering 
coefficients in the early universe (see Equation (5.35) and limit (5.23)) render it highly opaque, 
consistent with the observed polarization of the CMB—produced via electron scattering in an ionized 
medium. 

After the formation of stars and galaxies, ionization of intergalactic hydrogen once again 
becomes dominated by ultraviolet radiation from stellar sources, similar to the mechanism described 
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by the Standard Model. However, the initial ionization state and the mechanism of recombination 
are governed by entirely different principles in the SVCM. 

Summary: Interpretation of Ionization in the Early Universe 
Standard Cosmological Model: 
Ionization of the early universe is a consequence of high thermal energy immediately following 

the Big Bang. Recombination occurs as the universe expands and cools, allowing neutral atoms to 
form. Subsequent reionization is driven by stellar ultraviolet radiation. 

Self-Variation Cosmological Model: 
Ionization is due to the self-variation of atomic properties with redshift. In the early universe, 

the ionization energy tends to zero, preventing atom formation. The emergence of neutral hydrogen 
is governed by the Bohr radius reaching a critical value. Later reionization again occurs via stellar 
UV radiation. 

5.10.8. Distribution of matter on the cosmological scale 

Modern astronomical observations—enabled by increasingly sophisticated instrumentation and 
observational techniques—have extended our reach into the deep past of the universe, probing 
epochs very close to what the Standard Cosmological Model (SCM) identifies as the Big Bang. These 
observations are now testing the limits of the SCM’s predictive framework, particularly in terms of 
the timeline of structure formation. 

Three notable observational findings have raised critical questions about the SCM's 
assumptions: 

An oversized black hole discovered at 690 million years after the Big Bang ([21]) possesses a 
mass so large that standard formation and accretion models within the SCM cannot account for its 
growth in the available time. 

A pair of mature galaxies have been observed at 800 million years post-Big Bang ([22]), 
exhibiting levels of structural organization, stellar mass, and chemical enrichment that require more 
time than the model permits. 

The detection of a 21 cm hydrogen absorption line ([27]) just 180 million years after the Big Bang 
implies that stars were already forming and producing a UV background at a remarkably early 
epoch—again earlier than the SCM would anticipate based on known rates of star formation. 

Collectively, these observations present a substantial challenge to the temporal framework of 
the Standard Cosmological Model. Within its context, the rate of expansion and cooling from the Big 
Bang imposes a strict timeline on the emergence of gravitationally bound structures. Yet, the 
observed existence of complex systems—such as black holes, galaxies, and star-forming regions—so 
soon after the Big Bang indicates that either the structures formed faster than allowed by the model, 
or that the timeline itself may be flawed. 

To reconcile these discrepancies, the SCM must invoke non-standard processes—such as exotic 
forms of dark matter, enhanced primordial density fluctuations, or hyper-efficient accretion 
mechanisms—all of which remain speculative and lack direct empirical support. 

In contrast, the Self-Variation Cosmological Model (SVCM) offers a framework that naturally 
accommodates these observations. The SVCM begins from a Vacuum State, and the evolution of the 
universe proceeds through the self-variation of fundamental physical parameters over time and 
redshift. Importantly, this theory does not require a singular origin such as the Big Bang and does 
not impose a compressed early timeline for structure formation. 

In the SVCM framework: 
The rest masses of elementary particles, the Bohr radius, the ionization energy, and various 

interaction coefficients evolve with redshift, leading to different dynamical conditions for 
gravitational collapse, radiation, and matter organization at different epochs. 

The universe experiences a prolonged phase of structure formation, allowing ample time for 
complex systems—such as supermassive black holes and galaxies—to form gradually, consistent 
with observational evidence. 
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The absence of a singularity or ultra-compressed initial state means there is no constraint 
equivalent to the ʺtime since the Big Bangʺ, thus removing the paradox posed by early massive 
structures. 

Thus, rather than struggling to compress cosmic evolution into an insufficient temporal window, 
the Self-Variation Cosmological Model reframes the cosmological timeline, making room for the early 
appearance of massive and organized matter structures as a natural consequence of its foundational 
equations. 

Summary: Interpretation of Early Structure Formation 
Standard Cosmological Model: 
Observations of large-scale structures forming within the first billion years are inconsistent with 

the model’s timeline. The formation of black holes, galaxies, and stellar populations occurs too early 
to be explained without speculative mechanisms. 

Self-Variation Cosmological Model: 
These observations are fully consistent with a longer, non-singular timeline of evolution. The 

gradual self-organization of matter from the Vacuum State allows for the early emergence of structure 
without theoretical strain. 

5.10.9. Variation of the fine structure constant 

The fine structure constant (α) is one of the most fundamental constants in physics. 
Dimensionless and universal, it governs the strength of the electromagnetic interaction and appears 
in a wide range of quantum electrodynamics (QED) calculations, beginning with its original 
introduction in the Bohr model of the hydrogen atom ([36]). Its accepted value under laboratory 
conditions is approximately 1/137. 

In the Standard Cosmological Model (SCM) and more broadly in 20th-century physical theories, 
α is treated as immutable, based on the assumption that the constants on which it depends—such as 
the elementary charge, Planck's constant, and the speed of light—are invariant in both space and 
time. As a consequence, electromagnetic processes are expected to behave identically at all locations 
in the universe and at all epochs in its history. 

However, recent observational studies—such as spectral line comparisons in quasar absorption 
systems—have suggested possible slight variations in α over cosmological distances and timescales. 
These hints, though not conclusive, have achieved a statistical confidence level of about 3.9σ, which 
falls short of the standard 5σ threshold for experimental discovery but nonetheless warrants serious 
theoretical attention [39, 40]. 

In an attempt to account for this within the Standard Model framework, some theorists have 
proposed that a time-varying speed of light (c) could explain the variation of α. However, this 
approach raises deep theoretical problems: 

A varying c directly contradicts Special Relativity, which has been experimentally confirmed to 
extraordinary precision in numerous contexts, from particle accelerators to atomic clocks on satellites. 
Rejecting Special Relativity implies a need to revise Maxwell's equations, which form the bedrock of 
classical electromagnetism. The implications would cascade across all of physics—from quantum 
mechanics to general relativity, and even to basic electrodynamic interactions observed in 
laboratories. 

Despite the speculative appeal of solving the horizon problem or other cosmological puzzles via 
a varying c, there is no comprehensive theoretical framework that consistently incorporates a time-
varying speed of light while remaining compatible with the established body of physical laws. 

In contrast, the Self-Variation Cosmological Model (SVCM) provides a natural and internally 
consistent mechanism for the variation of the fine structure constant. Within the SVCM: 

The electromagnetic field arises as a consequence of the self-variation of the electric charge, and 
hence the fine structure constant (α), which is proportional to the square of the electron charge, varies 
as a function of redshift and position (refer to Equation (5.14)). 
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The variation of α is therefore not an anomaly, but rather a direct and expected result of the 
theory, deeply tied to its foundational equations (e.g., Equation (5.11)). 

This variation does not require altering the speed of light, nor does it contradict Special 
Relativity or Maxwellian electrodynamics, since the theory is constructed with self-variation as a core 
principle from the outset. 

Thus, the SVCM incorporates the possible spatial and temporal variation of α as a natural 
phenomenon, emerging from its broader treatment of how fundamental constants evolve in 
spacetime. This makes it more compatible with the tentative observational indications, and avoids 
the theoretical disruption associated with modifying c. 

Summary: Interpretation of the Fine Structure Constant Variation 
Standard Cosmological Model: 
A variation of α is not predicted. Attempts to incorporate such a variation—by introducing a 

time-dependent speed of light—challenge core physical theories (Special Relativity, Maxwell’s laws), 
and lack a comprehensive theoretical foundation. 

Self-Variation Cosmological Model: 
The variation of α is a direct consequence of the self-variation of the electron’s charge and related 

fundamental constants. Observational evidence of α's variation, even if not yet conclusive, is entirely 
compatible with the theoretical expectations of the SVCM. 

5.10.10. The horizon problem 

One of the most significant conceptual challenges for the Standard Cosmological Model (SCM) 
is the so-called horizon problem. This issue arises from observations of the Cosmic Microwave 
Background Radiation (CMBR)—a relic of the early universe that displays a remarkable degree of 
isotropy, with temperature fluctuations no larger than 1 part in 100,000 across the sky. 

According to the Theory of General Relativity, in a universe originating from a Big Bang 
singularity and expanding over time, the observable universe is divided into causally disconnected 
regions—areas that, due to the finite speed of light and the finite age of the universe, could not have 
exchanged information or energy. These non-overlapping causal spheres imply that there is no 
mechanism within classical General Relativity to explain how such regions came to be at the same 
temperature or physical state. Yet, observations reveal that the CMBR is strikingly uniform, even 
across vast angular separations. 

This contradiction was first formally articulated by Wolfgang Rindler in 1956 ([59]) and is now 
a cornerstone concern in modern cosmology. In the SCM, the inflationary hypothesis is invoked as a 
resolution: a brief period of exponential expansion in the very early universe is posited to have 
stretched a once-causally connected patch of space to scales far larger than the current horizon, 
thereby ensuring homogeneity. However, as discussed previously, inflation introduces significant 
theoretical uncertainties: 

It relies on a hypothetical scalar field (the inflaton) for which no empirical evidence exists. 
It involves fine-tuning problems, including the exact timing of inflation and its termination. 
It leads to difficulties in reconciling with recent observations and lacks predictive specificity in 

some formulations. 
The Self-Variation Cosmological Model (SVCM) offers a qualitatively different resolution to the 

horizon problem, grounded in its fundamental assumptions about the nature of matter and spacetime 
at high redshift. 

Within the framework of SVCM: 
The uncertainty in a particle's position in spacetime increases with redshift. Specifically, as the 

universe approaches the initial Vacuum State, the uncertainty becomes infinitely large (refer to 
Equations (5.40)–(5.43) and limit (5.23)). 

This implies that, in the distant past, every particle had a non-zero probability of being located 
anywhere in spacetime, effectively erasing the concept of spatial separation or causality as 
understood in classical terms. 
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In such a framework, the entire universe is inherently connected at early times—not through 
superluminal inflationary expansion, but through the quantum-statistical properties of matter and 
space. 

Thus, in the SVCM, the homogeneity of the CMBR is not a problem to be solved, but rather a 
natural prediction of the theory’s foundational equations. Unlike the SCM, which introduces an ad 
hoc inflationary phase, the SVCM integrates the solution into its core structure via self-variation of 
physical parameters, including position uncertainty and redshift-dependent particle properties. 

Summary: Interpretation of the Horizon Problem 
Standard Cosmological Model: 
The horizon problem arises due to non-overlapping causal regions implied by the Big Bang and 

finite light travel time. It is addressed through the inflation hypothesis, which postulates a rapid early 
expansion phase to explain the observed isotropy. However, inflation remains speculative, with 
significant theoretical and empirical challenges. 

Self-Variation Cosmological Model: 
The model predicts that the uncertainty in the position of particles tends to infinity near the 

initial Vacuum State. This leads to a natural and intrinsic spatial connectivity at early times, thereby 
resolving the horizon problem without invoking inflation. 

5.10.11. The larger than expected velocities of astronomical objects at the outskirts of large 
structures of universe's matter 

A major and long-standing observational inconsistency in astrophysics arises from the rotational 
dynamics of galaxies and the motion of galaxies within galaxy clusters. This discrepancy was first 
identified by Fritz Zwicky in 1937 during his study of the Coma Cluster ([13]). Zwicky observed that 
the measured velocities of galaxies within the cluster were significantly higher than could be 
explained by the visible mass (i.e., the mass inferred from luminous matter such as stars and gas). He 
concluded that an invisible form of mass, which he termed ʺDunkle Materieʺ (Dark Matter), must be 
present to generate the additional gravitational force required to keep the galaxies gravitationally 
bound. 

Subsequent observations—particularly the flat rotation curves of spiral galaxies, in which the 
orbital velocity of stars remains nearly constant far beyond the visible edge of the galaxy—have 
further strengthened the case for dark matter. According to Newtonian and relativistic dynamics, one 
would expect the velocity to decrease with distance from the galactic center in the absence of 
additional unseen mass. However, observations show that these velocities remain unexpectedly high 
and flat. 

In the context of the Standard Cosmological Model, this discrepancy is resolved by postulating 
the existence of dark matter halos enveloping galaxies and clusters. These halos are composed of non-
luminous, non-baryonic matter that interacts gravitationally but does not emit, absorb, or reflect light, 
making it undetectable by traditional observational methods. The dark matter hypothesis is a 
cornerstone of the ΛCDM model, which asserts that roughly 27% of the universe’s energy-matter 
content is dark matter. Yet, despite decades of observational support and indirect evidence (e.g., 
gravitational lensing, cosmic structure formation, cosmic microwave background anisotropies), dark 
matter has never been directly detected. 

The Self-Variation Cosmological Model offers an alternative explanation to the dark matter 
hypothesis by directly modifying the gravitational field equations derived from its theoretical 
framework. In particular, Chapter 4 of the theory provides a derivation of gravitational dynamics, 
accounting for the observed high orbital velocities of stars and galaxies without invoking unseen 
matter. 

Specifically, the SVCM introduces self-variation in physical parameters (such as mass and 
charge) as functions of spacetime coordinates or cosmological scale factors (e.g., redshift). These 
variations influence gravitational behavior on galactic and larger scales. The resulting predictions, 
illustrated in Figures 4.23, 4.24, and 4.25, are empirically consistent with the observed rotation curves 
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of a wide range of galaxies ([60]). This approach not only preserves the visibility-based mass estimates 
but also provides a natural theoretical foundation for the observed deviations in rotational 
dynamics—one that is intrinsic to the theory, rather than added post hoc as in the case of dark matter. 

The SVCM thus anticipates that a more detailed simulation of its gravitational field equations, 
tailored to specific galactic mass distributions, would bring it into even closer agreement with 
observational data across all scales. 

Summary: Interpretation of Galaxy Rotation and the Missing Mass Problem 
Standard Cosmological Model: 
The observed high orbital velocities of stars in galaxies and galaxies in clusters are incompatible 

with the mass inferred from visible matter. The model introduces the hypothesis of dark matter—a 
form of non-baryonic, invisible matter—to account for the additional gravitational effects. Despite its 
utility and consistency with large-scale observations, dark matter has not been directly observed, and 
its fundamental nature remains unknown. 

Self-Variation Cosmological Model: 
The observed discrepancies are predicted directly from gravitational equations derived from the 

self-variation of physical constants. This leads to natural explanations of galaxy rotation curves and 
cluster dynamics without invoking additional, unseen forms of matter. Empirical plots derived from 
the theory match observed data and suggest that full simulations would further validate the model. 

5.10.12. Absence of magnetic monopoles in the universe 

One of the persistent puzzles in cosmology and high-energy physics is the non-detection of 
magnetic monopoles—hypothetical particles that carry isolated magnetic charge. These entities are 
predicted by Grand Unified Theories (GUTs) and are considered natural consequences of certain 
symmetry-breaking processes thought to occur during the early moments of the universe, 
particularly near the GUT scale shortly after the Big Bang. 

Standard Cosmological Model (SCM) 
According to the SCM and the theoretical framework of GUTs, the early universe experienced 

conditions that would have favored the production of magnetic monopoles in abundance. If these 
conditions held, an extremely high density of monopoles would have emerged—possibly with one 
monopole per horizon volume at the time of their formation. Given the current size and age of the 
universe, such a density would imply that monopoles should be readily observable today, scattered 
across space. 

However, no magnetic monopoles have ever been observed, despite decades of targeted 
searches using highly sensitive instruments. Initial experiments reported ambiguous or inconclusive 
results, but no statistically significant detection has been confirmed ([52]). 

This stark discrepancy between theoretical prediction and observational reality constitutes a 
serious problem for the SCM and related GUTs. To address it, the inflationary hypothesis was 
introduced. Inflation postulates a brief period of exponential expansion shortly after the Big Bang, 
which would have diluted the density of magnetic monopoles by many orders of magnitude. As a 
result, the present-day density of monopoles could be so low that their non-detection is plausible. 
However, this solution is not derived directly from the core principles of the SCM—it is an auxiliary 
hypothesis invoked to reconcile theory with observation. 

Self-Variation Cosmological Model (SVCM) 
In contrast, the Self-Variation Cosmological Model does not require such an auxiliary 

hypothesis. Within its theoretical framework, the non-existence of magnetic monopoles is a natural 
consequence of the fundamental equations. 

The SVCM maintains the compatibility of Maxwell’s equations with self-variation (refer to 
Appendix B). The model preserves the symmetry of Maxwell’s equations without the introduction of 
magnetic charge, and more importantly, it postulates that no phase or condition in the early 
universe—as described by the self-variation framework—would favor the creation of monopoles. 
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In particular, Equation (5.11), which governs the self-variation of physical parameters, leaves the 
fundamental structure of the electromagnetic interaction unchanged in such a way that monopoles 
are neither required nor permitted. The smooth mathematical approach to the vacuum state in the 
SVCM allows the theory to remain consistent at all cosmological epochs, without invoking 
hypothetical particles or exotic processes. 

Thus, the absence of magnetic monopoles is not a problem that needs to be solved within the 
Self-Variation framework—it is an expected and consistent feature of the theory. 

Summary: Interpretation of the Absence of Magnetic Monopoles 
Standard Cosmological Model: 
The absence of magnetic monopoles presents a critical challenge to the Standard Cosmological 

Model, requiring the adoption of the inflation hypothesis as a retrofitted solution. While inflation 
addresses multiple issues (flatness, horizon, monopoles), it introduces additional theoretical 
complexities and open questions. 

Self-Variation Cosmological Model: 
By contrast, the Self-Variation Cosmological Model offers a framework in which the non-

existence of magnetic monopoles is a natural and direct result of the theory’s internal structure. This 
positions the SVCM as potentially more economical and predictively coherent, at least with respect 
to this particular cosmological problem. 

5.10.13. Olbers paradox 

Olbers' Paradox—named after the 19th-century astronomer Heinrich Wilhelm Olbers—asks a 
deceptively simple question: Why is the night sky dark? In an infinite, static, and eternal universe 
uniformly filled with stars, every line of sight should eventually terminate at a star. This would mean 
the sky ought to be blazing with light, comparable to the surface of the Sun. Yet, this is not what we 
observe. The paradox, therefore, challenges any cosmological model to reconcile observational 
darkness with theoretical expectations about the universe’s structure and content. 

Standard Cosmological Model (SCM) 
In the context of the Standard Cosmological Model, Olbers' paradox is resolved primarily 

through the framework of the expanding universe: 
Finite Age of the Universe: The universe is not eternal—it has a beginning (the Big Bang), 

estimated to have occurred about 13.8 billion years ago. Thus, there has only been a finite amount of 
time for starlight to travel to Earth. Beyond a certain distance, light has not yet reached us. 

Redshift and Photon Energy: As the universe expands, the wavelengths of photons emitted by 
distant stars are stretched—this is the cosmological redshift. The energy of each photon is reduced 
by a factor of 1/1+z where z is the redshift. This reduces the apparent brightness and total energy flux 
received from distant sources. 

Result: Even though the universe contains a vast number of stars, the finite age, combined with 
redshift-induced energy loss, means that the cumulative brightness of the sky is limited. Hence, the 
night sky appears dark. 

Thus, in the SCM, Olbers' paradox is resolved by invoking the dynamic expansion of space, 
which redshifts and dilutes incoming radiation. 

Self-Variation Cosmological Model (SVCM) 
The Self-Variation Cosmological Model offers a conceptually different interpretation, though it 

arrives at a similar observational conclusion: 
Same Redshift-Energy Relationship: Like the SCM, the SVCM agrees that the energy of photons 

arriving from distant stars is reduced by the same redshift factor, 1/1+z. 
Different Cause of Redshift: However, in the SVCM, redshift is not due to the expansion of space, 

but instead arises from the self-variation of fundamental physical constants—in particular, the rest 
mass of the electron. According to Equation (5.36), this variation alters atomic structure and photon 
energy in such a way that the observed redshift is a consequence of internal particle dynamics, not 
cosmic expansion. 
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Application to Olbers’ Paradox: This framework leads to the same quantitative effect: a decrease 
in the energy and intensity of incoming light from distant sources, rendering the sky dark. 
Importantly, the SVCM emphasizes that this result holds whether the universe is finite or infinite, as 
the key factor is not spatial geometry or cosmic history, but the evolving nature of particle properties. 

Summary: Interpretation of Olbers' Paradox 
Both cosmological models arrive at a shared observational conclusion: the night sky is dark 

because the energy of incoming light is diminished over cosmic distances. However, they differ 
radically in the underlying physics: 

The Standard Model grounds its explanation in spacetime dynamics and the finite age of the 
cosmos. 

The Self-Variation Model attributes the phenomenon to a time-dependent change in particle 
properties, particularly those affecting atomic transitions and photon emission. 

The ability of both models to explain Olbers’ Paradox through the same mathematical factor, yet 
from entirely different premises, highlights the deep conceptual divergence between them and 
invites further empirical testing to adjudicate between these frameworks. 

5.10.14. The two measured values of Hubble's constant 

One of the most significant and persistent challenges in modern cosmology is the Hubble 

tension: the disagreement between local measurements of the Hubble constant 0H  (based on nearby 
supernovae and Cepheid variables) and early-universe measurements (based on Cosmic Microwave 
Background, CMB, data under the assumptions of the Standard Cosmological Model). 

Standard Cosmological Model (SCM) 

In the SCM framework, redshift is interpreted as the result of cosmic expansion, with 0H  
representing the current rate of that expansion. 

Two Precise but Discordant Measurements: 
Local measurements (e.g. SH0ES collaboration): 

0H ≈73±1 km/s/Mpc (4.4σ tension) 
CMB-based measurements (e.g. Planck mission): 

0H ≈67.4±0.5 km/s/Mpc (8σ tension) 
Incompatibility: 
If the cosmic redshift is exclusively due to space expansion, and the SCM is correct, then both 

methods should converge to the same 0H , once measurement uncertainties are accounted for. The 
increasing precision of both methods exacerbates, rather than resolves, the discrepancy. 

Implications: 
Questions arise regarding new physics beyond the ΛCDM model (dark energy, dark matter). 
Numerous hypotheses have been proposed: early dark energy, varying neutrino masses, 

modified gravity—but none universally accepted. The divergence in age estimates of the universe 
depending on which 

0H  value is used is also problematic: 

0H =67.4: ~13.8 billion years 

0H =73: ~12.8 billion years 
Thus, the Hubble tension presents a serious challenge to the internal consistency of the SCM. 
Self-Variation Cosmological Model (SVCM) 
The SVCM offers a fundamentally different interpretation of redshift—not as the result of 

expansion, but as a consequence of self-variation in fundamental constants, particularly the rest mass 
of particles. 

Redshift from Varying Electron Mass: 
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In this model, Equation (5.36) shows that redshift arises from a distance-dependent (or 
equivalently, time-dependent) decrease in electron rest mass and possibly other material properties. 

Interpreting the Hubble Tension: 
Different measurement techniques rely on different physical processes that are affected 

differently by self-variation (e.g. electron mass vs. baryon mass evolution). Thus, different methods 

yield different apparent values of 0H  , not because of conflicting observations, but because the 

underlying theoretical assumption (constant mass) is invalid. The apparent discrepancy in 0H  is 
predicted, not problematic, within the SVCM. 

Measurement Reconciliation: 
The SVCM posits that only by correcting for the self-variation of particle properties can all 

cosmological measurements yield consistent values. In this view, the Hubble constant is not a 
universal constant, but an apparent, model-dependent observational parameter. 

Summary: Interpretation of the Hubble Tension 
The Hubble tension highlights deep cracks in our current understanding of cosmological 

dynamics. In the SCM, it remains a critical open issue, triggering speculation about unknown physics. 
The Self-Variation Cosmological Model, on the other hand, treats this tension not as a flaw, but as 
evidence supporting a paradigm shift—a shift where the constants of nature evolve over 
cosmological time, and redshift is reinterpreted accordingly. 

The question remains whether future high-precision cosmological surveys and laboratory tests 
of varying constants will validate the predictions of the SVCM, or instead demand even deeper 
revisions to our cosmic model. 

5.11. Beyond the 13.8 Billion Year Limit 

The question of the origin of the universe and the physical validity of extrapolating known laws 
to the earliest epochs remains central to cosmology. Two fundamentally distinct frameworks—the 
Standard Cosmological Model (SCM) and the Self-Variation Cosmological Model (SVCM)—propose 
diverging accounts of the early universe, based on different interpretations of redshift and the 
evolution of physical parameters. 

Standard Cosmological Model (SCM) 
The SCM interprets cosmological redshift as a consequence of the metric expansion of space, 

originating from an initial singularity—the Big Bang—which occurred approximately 13.8 billion 

years ago, based on the smallest accepted value of the Hubble constant 0H . 
Theoretical Breakdown at the Big Bang: 
The Big Bang is not a point in space, but a boundary in time at which the density, temperature, 

and curvature of spacetime become infinite. 
General Relativity (GR) fails at this point. The Big Bang is a singularity—a breakdown of the 

very laws the model depends on. 
This singularity is not a “limit” case of GR but represents a region outside the theory’s domain 

of validity. 
Problems Rooted in the Big Bang Singularity: 
The horizon problem: How causally disconnected regions of space show the same CMB 

temperature. 
The flatness problem: Why the universe appears spatially flat despite initial condition 

sensitivity. 
The magnetic monopole problem: Predictions of monopoles that are not observed. 

The Hubble tension: Conflicting values for 0H , incompatible with a simple Big Bang history. 
Ad Hoc Solutions: 
These issues led to the introduction of cosmic inflation, a brief period of rapid exponential 

expansion, intended to smooth out inhomogeneities and resolve the aforementioned problems. 
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However, inflation introduces its own set of questions (e.g., fine-tuning, initial conditions), and 
its physical mechanism remains speculative. 

Self-Variation Cosmological Model (SVCM) 
In contrast, the SVCM avoids invoking a singular origin of the universe. Instead, it posits a 

smooth emergence of structure from a fundamental Vacuum State, characterized by extreme 
uncertainty in position and vanishing rest mass of particles. Redshift is attributed not to cosmic 
expansion, but to the self-variation of physical quantities, such as the electron rest mass and fine 
structure constant. 

No Singularity—No Big Bang: 
There is no point in the past where physics breaks down. 
All cosmological parameters (mass, charge, Bohr radius, ionization energy) vary continuously 

with redshift, allowing for smooth extrapolation to earlier times. 
The redshift variable z can take arbitrarily large values, meaning the universe may be much 

older and larger than SCM predicts. 
Beginning from the Vacuum State: 
At high redshift (z→ ∞), the universe approaches a Vacuum State with zero rest mass and infinite 

uncertainty of particle positions (from Equations (5.41), (5.43), and limit (5.23)). 
This implies that all points in the early universe were causally connected, eliminating the 

horizon problem without inflation. 
The Cosmic Microwave Background (CMB) is predicted from the same equations as a natural 

outcome of self-variation dynamics (Equation (5.35)). 
Evolutionary Implications: 
In the very early universe, from the limit (5.34) we have 

lim
1r

A
A

z
→∞

=
−  

and from the limit (5.23) we have 
1A −→ . 

The transition to the past happens 'smoothly' and continuously through the laws of physics, 
through the Equations given by the Self-Variation Theory on the cosmological scale. From Equations 
(5.44) and limit (5.23), 

( ) ( )0 0 1 0m r m A +→ ∞ = − →  
and from Equation (5.46), 

( ) ( ) 2

0 01 0E r A A m c −→ ∞ = − − →  
the Vacuum State is predicted as the beginning of the universe. Therefore, on a cosmological 

scale the universe is predicted to be flat. From Equation (5.35), 
( ) ( )

( )2
1

1
T

T

r r

A

σ σ
σ σ
→∞ →∞

= →∞
−

=
 

the Cosmic Microwave Background Radiation is predicted. From Equation (5.36) and limit (5.34) 
we get, 

( ) ( )1 0n nX r AX→∞ = − → . 
This Equation predicts that the early universe went through a phase of ionization of atoms. From 

Equations (5.41), 

( )
1

i
i

x
x r

A
Δ

Δ → ∞ = → ∞
−  

and (5.43), 

( )
1
Bohr

Bohr

R
R r

A
→∞ = → ∞

−  
it follows that at the beginning of the universe all its points communicated with each other. The 

horizon problem does not exist in the Self-Variation Cosmological Model. 
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The Self-Variation Theory Equations on the cosmological scale predict that the universe may be 
much older and much larger in size than the Standard Cosmological Model predicts. None of the 
Equations of the Theory puts any restriction, any limit, on the values that the redshift can take. Going 
back in time, while the Standard Cosmological Model converges at one point, at the Big Bang, the 
Self-Variation Cosmological Model diverges, predicting an early universe of large dimensions. We 
saw the consequences of this fundamental difference of the two Models in the comparison of their 
predictions, in the previous Section 5.10. Now, a possible maximum value of the redshift affects the 

range of possible values of the parameter A . Assuming that the redshift takes a maximum value 0z
, from inequality (5.22) we get 

0

0

1
1

A
z
z
< <

+ . 

Therefore, the larger the value of 0z , the smaller the range of possible values of the parameter 
A . In the context of the Self-Variation Cosmological Model, the value of the parameter A  is the one 

related to the age of the universe. We remind that this parameter increases slightly over time, 

according to Equation (5.9). Thus, as the parameter A   increases tending to 1−  , and for small 

redshift values the curve ( )zr r=  as given by Equation (5.26) tends to become straight, 

( ) ( )( )( ) ( )( )( ) ( )1
ln ln ln 1 0 1

1e e e e

cz Ac A c c
r A A z A z A

k A z A k k k
−

= = − − − → − − −
− −

=
 

and with Equation (5.20) we have, 
cz

r
H

→
. (5.47) 

This straight line is recorded in the cosmological data as early as Hubble's 
empirical/observational law and corresponds to a long age of the universe. Going back in time, the 

straight line 

cz
r

H
=

  observed today is transformed into a curve. This transformation takes place 
until the ever-increasing Bohr radius and decreasing ionization energy do not allow the creation of 
the hydrogen atom. From Equation (5.20) we get 

( )1
e

A H
k

A
−

=
 

and substituting into Equation (5.26) we get 

( ) ( )
ln

1 1
cA A

r
A H A z A

=
− − − . (5.48) 

Taking the values 
53 10 /c km s= ×  and 67.4 /H km sMpc= , from Equation (5.47) we get, 

4.451r z=  ( 
310 Mpc ) (5.49) 

and from Equation (5.48) we get, 

( ) ( )
4.451

ln
1 1

A A
r

A A z A
=

− − −  ( 
310 Mpc ) (5.50) 

In these Equations the distance r  is measured in 
310 Mpc . From inequality (5.22) we get, 

1
A
A

z
−

<
. (5.51) 

If 0.990A = , from Equation (5.50) we get, 
0.99

440.649 ln
0.99 0.001

r
z

=
−  

and from inequality (5.51) we get 99z < . If 0.995A = , from Equation (5.50) we get, 
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0.995
885.749 ln

0.995 0.005
r

z
=

−  
and from inequality (5.51) we get 199z < . If 0.999A = , from Equation (5.50) we get, 

0.995
4446.549 ln

0.995 0.005
r

z
=

−  
and from inequality (5.51) we get 999z < . In Figure 5.1 we have the graph of the function (5.48) 

if 0.990A =  , 0.995A =  , 0.999A =   and of Hubble's empirical/observational law (5.49) for the 

value 67.4 /H km sMpc=  of the homonymous constant, from 0z =  to 60z = . For this value of 

the redshift, Equation (5.50) is applied for all three values of parameter eA A=  that we have chosen, 
60 99 199 999z = < < < . From Equations (5.36) and (5.42) we have 

( )60
61
n

n

X
X z = =

, ( )60 61Bohr BohrzR R= = , 
respectively. We assume that for these values of ionization energy and Bohr radius, the 

prevailing conditions allow the formation of the chemical elements. In Figure 5.1 we can see that as 

the value of 1A −→  increases, Equation (5.50) tends to Hubble's empirical/observational law (5.49). 
Also, Equation (5.50) gives greater distances than Equation (5.49), 

( ) ( )
4.451

ln 4.451
1 1

A A
z

A A z A
>

− − − . 
As shown in Figure 5.2, for small values of redshift, the three graphs of Equation (5.50) almost 

coincide with the straight line (5.49). Measuring the parameters ek  and eA A=  in Equation (5.26) 
requires measurements at large values of the redshift. Such measurements can also show the 
consequences of Equations (5.33), (5.42) and (5.33). Above a value of redshift, the chemical elements 
have not been created, so there is no linear spectrum of electromagnetic radiation, while the 
uncertainty of the electron position takes on very large values in an opaque universe. The 
implications of these Equations are documented in the Cosmic Microwave Background Radiation, 
the first observation from the Vacuum State. 

As the available observing instruments evolve, the measurements are getting closer and closer 
to the Vacuum State. The Self-Variation Theory gives the parameters of astrophysics as a function of 
redshift. Hence, we have the theoretical background to make targeted measurements at all 
cosmological-scale distances. However, there are measurements that require knowledge of the 
distance of an astronomical object. In the recent past, in the regions of the universe from which we 
obtain a linear electromagnetic spectrum, the distance on a cosmological scale is given by Equation 
(5.26). A necessary condition for the use of this Equation is the measurement of the value of the 

constant ek  and of the parameter eA A= . 
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Figure 5.1. The predicted distance of distant astronomical objects as a function of redshift depends on the value 

of the parameter A . Source: Figure by author. 

 

Figure 5.2. The prediction of the distance of astronomical objects, in 
310 Mpc  , for small values of redshift. 

Source: Figure by author. 

The Self-Variation Cosmological Model (SVCM) presents a fundamentally different approach to 
understanding the universe compared to the Standard Cosmological Model (SCM). While the SCM 
relies on the assumption of fixed physical constants and explains redshift through the expansion of 
space, the SVCM attributes redshift to the variation of particle properties—most notably the electron 
mass and charge—over cosmological time and distance. 

This foundational shift allows the Self-Variation Theory to provide natural explanations for 
several longstanding issues in cosmology, such as: 

The horizon problem, without invoking inflation; 
The absence of magnetic monopoles, as a consequence of Maxwell's laws remaining valid under 

self-variation; 
The flatness and uniformity of the universe; 
The missing dark matter, by reproducing galactic rotation curves through its own gravitational 

equations; 
The variation in the fine structure constant, as a direct prediction rather than an anomaly; 
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The Hubble tension, as a result of measuring cosmological parameters without accounting for 
the variation of particle masses. 

Furthermore, the SVCM allows a smooth and continuous description of the universe’s evolution, 
starting from a ʺVacuum Stateʺ rather than a singularity like the Big Bang. In contrast to the SCM, 
which reaches a theoretical breakdown at the singularity, the Self-Variation Theory extends beyond 
this point, providing a coherent framework that connects early-universe physics with present-day 
observations. 

As astronomical instrumentation continues to advance, and deeper observations are made at 
higher redshifts, the Self-Variation Theory offers a testable and predictive model. Its potential to unify 
diverse phenomena under a single principle makes it a alternative to the current standard model of 
cosmology. 

6. The Quantum Phenomena as a Consequence of the Self-Variation of Material 
Particles 

In this Chapter we study the wave resulting from the propagation of self-variation as a 
perturbation in 4-dimensional spacetime. We calculate the wave function and apply it to the 
hydrogen and muon atoms. In the context of Self-Variation Theory, the time-independent 
Schrödinger Equation describes the self-variation of electric charge at the atomic scale. 

We prove that the compatibility of the laws of physics with self-variation is equivalent to the use 
of the operators of quantum mechanics. The self-variation of material particles explains quantum 
phenomena. 

We study the interaction of electric charges as an exchange of ʺinformationʺ. Through the self-
variation potential, information is transferred from the charge-source of the electromagnetic field to 
infinity. We briefly present the consequences of electric charge self-variation in this information. 

6.1. The Propagation of Self-Variation as a Disturbance in Spacetime 

Self-variation propagates as a ʺdisturbanceʺ in spacetime, i.e. it creates a wave. In the context of 
Self-Variation Theory, the wave created by the self-variation of the fundamental particles results in 
the quantum behavior of matter. Niels Bohr's work corresponds to a standing wave for which, 
however, we do not know the wave function [1]. Erwin Schrödinger understands the wave behavior 
of matter introduces the homonymous wave function, and applies the operators of quantum 
mechanics to a dynamical system, the hydrogen atom [2]. Werner Heisenberg introduces non-
commutative matrices to quantum mechanics and formulates the uncertainty principle [3]. Paul 
Adrien Maurice Dirac combined quantum mechanics with Special Relativity in his work on the 
electron [4]. Richard Phillips Feynman gives a new interpretation to Dirac's conclusions, while 
through the homonymous diagrams he presents in a simple way the findings of electrodynamics [5, 
6]. To these leading physicists, and of course to Wolfgang Ernst Pauli [7] and Max Born [8], is due the 
enormous progress of quantum physics in a relatively short period of time. Quantum mechanics is 
the result of the work of many scientists. Since the first experiments in the mid-nineteenth century 
[9], the work of many distinguished physicists, both experimentally and theoretically, has brought 
quantum mechanics to the level we know it today. 

The Self-Variation Theory requires that the mathematical form of the laws of physics be 
compatible with the principle of self-variation. This requirement places additional restrictions, than 
those set by the Theory of Relativity on the mathematical form of physical laws. In Chapters 3 and 4, 
we took into account that the potential is not uniquely defined and required it to be compatible with 
the self-variation principle. Thus we obtained the potential of the electromagnetic field, as given by 
the pairs of Equations (3.36) and (3.38) in the surrounding spacetime of a point electric charge. These 
potentials have different properties from potentials that do not take self-variation into account. One 
of these differences, the dependence of the second term of the potential on the acceleration of the field 
source, allows their application to the gravitational interaction as well. The consequences of self-
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variation are different on the point charge than in the surrounding spacetime. This difference initially 
expressed through Equations (3.20) and (3.59). 

The self-variation in the surrounding spacetime of a point charge is given by Equation (3.20), 

2
qq
t c

∂∇ = −
∂

υ

. 
The self-variation electromagnetic potential is compatible with this Equation. The self-variation 

on the point charge is given by Equation (3.59), 

2
qq
t c
∂= −
∂
u

. 
The Liénard–Wiechert electromagnetic potential is compatible with this Equation. The laws of 

physics in both cases are compatible with self-variation. In the following Sections we present the 
consequences of self-variation on the point charge. 

6.2. The Consequences of Self-Variation on the Point Charge 

In this Section we study the generalized particle at the microscopic scale. At point ( ), , ,A t x y z  

in Figure 3.1 we consider a point electric charge ( )1 1 , , ,q q t x y z=   interacting with the charge 
( )wq q= . We consider the case where the two charges are at a short distance, 0r→ . Considering 

that in the inertial frame of reference where ( )q q w=   is stationary the emission of energy-

momentum from ( )q q w=  in spacetime is isotropic we get, 

0 0P im c′Σ =

Σ ′ =P 0 . 
Then, from the Lorentz-Einstein transformations we get, 

0
0 2

2

0

2

2

1

1

im c
P

u
c

m

u
c

=

−

=

−

u
P

, (6.1) 
in an inertial frame of reference that q  moves with velocity u . Equations (6.1) apply in the 

isotropic flat spacetime of Special relativity. Thus, in this Chapter we apply them to the 
electromagnetic interaction, as we studied it in Chapter 3. In a non-isotropic spacetime, Equations 
(6.1) do not apply. In Chapter 4 we saw that in interactions due to rest mass spacetime is not isotropic 
/ flat. Therefore, to study the consequences of self-variation on the point rest mass, it is necessary to 
calculate the equation that replaces (6.1). 

From Equations (6.1) and (1.1) we get, 

0

2

2

0

2

2

0

1

1

mb

u
c

im cq b
q

x u
c

q q

−

∂
=

∂
−

∇ =
u





 

and with equation 0x ict=  we get, 
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0

2

2

0

2

2

2

1

1

mb

u
c

m cq b
q

t u
c

q q

−

∂
= −

∂
−

∇ =
u





. (6.2) 
From these Equations we get, 

2
q

q
t c

∂
∇ = −

∂
u

. (6.3) 
The effects of self-variation manifest differently at the location of the point charge compared to 

its surrounding spacetime. At the point charge itself, the propagation of self-variation as a spacetime 
perturbation is governed by Equation (6.3). In contrast, in the surrounding spacetime, the 
corresponding propagation is described by Equation (3.20), 

2

q
q

t c
∂

∇ = −
∂

υ

. (6.4) 
This distinction reflects the non-uniform distribution of energy–momentum and charge 

resulting from self-variation, and plays a central role in the formulation of the theory's field equations 
and potentials. 

Through the substitution ↔u υ   one Equation results from the other. However, υ   and u  
velocities have qualitative and quantitative differences. In the context of Special Relativity the 

velocity υ  has constant measure 
c=υ

 in all inertial frames of reference. Velocity u  does not 

have this property. Also the inequality 
c< =u υ

 holds. Therefore, for any direction c
υ

 holds, 

22
q

q
c

q
tt
q

c
∂

∇ == −
∂

∂
− ∇
∂

≠u υ

. 
The Orbital Representation Theorem (refer to Section 3.5) gives an additional relation for the 

consequences of self-variation on the point charge and its surrounding spacetime. Within this context 
of information, the question arises to find the distance r   from the charge q   at which the self-
variation passes from Equation (6.3) to Equation (6.4). 

From Equations (1.1) and (6.3) we obtain, 

0

0

i
cb
q

i
c t cqb c

qP
q t

P
∂
∂

= − = −

∂= −
∂
u uP





. (6.5) 
These Equations on the point charge q  are the counterparts of (3.79) and (3.81), which are valid 

in the surrounding spacetime of q . We see that Equations (6.5) result from the pair of Equations 
(3.79), (3.81) by replacing the velocity υ  with the velocity u . 

As a consequence of Equation (6.3), if 0r→  the Liénard-Wiechert potentials are compatible 
with self-variation (refer to Equation (3.59)). Thus we have, 

0 2

2

4 1

q
V

r
c

V
c

πε
=

⋅
−

=

 
 
 

u υ

uA
. (6.6) 

From Equation (6.6) we get the potential energy U  of the system of the two charges, 
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( ) ( )1

0 24

, ,

1

,w

c

q t x yq
U

z

rπε
=

⋅
− 

 
 

u υ

. (6.7) 

The charge density ρ  and the current density j  resulting from the self-variation of q  are 
given (refer to Appendix B) by the equations, 

0 2
11
q

qq
q c t

μ =
  ∂∇ × −  ∂ 

j EB
. (6.8) 

The intensities of the electric field E  and the magnetic field B  are given by Equations (3.34) 
and (3.35) respectively. From Equations (6.3) and (6.8) we get, 

( )

( )

0 2

0 2

q
c q t
q

c q t
μ

ρ ε

= × +

∂= − ⋅
∂

∂−
∂

u E

j u B E
, 

and with equation 
0 02

1
c

μ ε=
 we obtain, 

( )

( )

0 2

0

q
c q t
q
q t

ρ ε

ε= × +

∂= − ⋅
∂

∂−
∂

u E

j u B E
. (6.9) 

From Equations (6.9) we get, 
2cρ⋅ =u j . (6.10) 

As we will see in Section 6.5, (6.10) expresses the continuity equation, 

0

0ic
x
ρ∂

+ =
∂

∇⋅ j
. 

From Equation (6.3) we get, 

2
2 q
q

t c
∂

∇ = −∇
∂

 
 
 

u

 
and equivalently we get, 

2
2 2

q
q

t
q

c c t
∂

∇ = − ∇
∂

∂ ⋅ − ∇ ⋅  ∂ 
u u

 
and equivalently we get, 

( )2
2 2q q

q
c t c t

∇ = − ∇
∂ ∂⋅ − ∇ ⋅
∂ ∂

u u
 

and with Equation (6.3) we get, 

2
2 2 2

q
q

t c
q

c t c t
∂

∇ = − −
∂

∂ ∂ ⋅ − ∇⋅ ∂ ∂ 
uu u

 
and equivalently we get, 

2

2 2
2

4 2 2 2
u

q
c t c

q q q
t t c c t

∂
∇ =

∂
∂ ∂ ∂ + ⋅ − ∇ ⋅ ∂ ∂ ∂ 

uu u
 

and equivalently we get, 

2

2 2
2

4 2 2
u

q
c c t

q q
t c t

∂
∇ − = −∇ ⋅

∂
∂ ∂  ⋅ ∂ ∂  

u u u
. (6.11) 

From Equation (6.11) and the first of Equations (6.2) we get, 
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0
22

2

2 2
2

4 2

1

mu b
q q
c c tu

c

q
t

∂
∇ − = − −∇ ⋅

∂
−

∂  ⋅ ∂  
u u u



. (6.12) 

In quantum mechanics the partial derivatives kx
∂
∂   are applied as operators, with the 

consequence that the second part of Equation (6.12) becomes zero. Applying the quantum mechanics 
operators to the Schrödinger wave function Ψ  we get, 

i
∇Ψ → ΨJ

  
and equivalently we get, 

2 i
Ψ∇ Ψ → ⋅∇J

  
and equivalently we get, 

2 i i
Ψ∇ Ψ → ⋅ 

 
 

J J
   

and equivalently we get, 
2

2
21
Ψ∇ Ψ → − J

  
and with equation 

2W
c

=
uJ

 
we get, 

2
2

2

4
21 u
c

W Ψ∇ Ψ → −
 . (6.13) 

Similarly we have, 
i
W

t
∂Ψ

→ − Ψ
∂   

and equivalently we get, 
2

2

i
W

t t
∂ Ψ ∂Ψ

→ −
∂ ∂  

and equivalently we get, 
2

2

i i
W W

t
∂ Ψ

→ − − Ψ
∂

 
 
    

and equivalently we get, 
2

2 2
21

W
t

∂ Ψ
→ − Ψ

∂  . (6.14) 
From Equations (6.13) and (6.14) we obtain, 

2 2

2
2

4 0
u
c t

∂ Ψ
∂

Ψ − =∇
. (6.15) 

Equations (6.12) and (6.15) have the same form if the second part of Equation (6.12) is equal to 
zero. We will see the relation of quantum mechanical operators to self-variation in Section 6.4. Before 
that, in the next Section we will see the assumptions based on which the time-independent 
Schrödinger Equation is derived for hydrogen and muon atoms. The time-independent Schrödinger 
differential Equation is second order. Thus, for this study it is necessary to precede the following 
calculations. 

From the first of the Equations (6.2) we get, 
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2
0 0

2 2

2 2

22
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1 1

m c m cq b q b
t t tu u
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q∂ ∂ ∂
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∂ ∂ ∂
− −

 
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 
 
 
 

 

 
and considering again the first of the Equations (6.2) we obtain, 

2 4 22
0 0

22 2

2 2

2

2

1 1

m c m cq b b
q

ut t u
c c

∂ ∂
= −

∂ ∂
− −

  
  
  
  
  

  

 

. (6.16) 
Similarly, from the second of Equations (6.2) we obtain, 

22
0 0

22 2

2 2

2
2

1 1

m mb b
q

u u
c c

uq∇ = +
− −

  
  
  ∇⋅
  
  

  

u
 

. (6.17) 
At the microscopic scale the energy of a system of particles is taken constant, equal to its 

laboratory value. Thus, considering that the rest mass 0m  is independent of the self-variation of the 
electric field q  in Equations (6.16) and (6.17) we get, 

2 42
20

022 2

2 2

2

2
1

1 1

m cq b b
m c q

ut t u
c c

∂ ∂
= −

∂ ∂
− −

  
  
  
  
  

  

 

, (6.18) 

22
0

022 2

2 2

2
2

1 1

mb b
m q

u u
c c

uq∇ = +
− −

  
  
  ∇⋅
  
  

  

u
 

. (6.19) 

Solving the system of Equations (6.18) and (6.19) we get the function ( )Xq q= . The solutions 
given by Equation (6.19) depend on the value of the constant b∈ , the velocity u  and its rate of 
change 

2

21 u
c

−

 
 
 ∇⋅
 
 
 

u

. 
In the next Section we apply Equation (6.19) to the hydrogen and muon atoms. 

6.3. The Hydrogen and Muon Atoms 

The conditions of the previous Section 6.3 hold for hydrogen and muon atoms. The accelerations 
of the electron and the muon respectively are due to their interaction only with the proton of the 
atom. If we now assume that the electron and muon velocities are non-relativistic, Equation (6.6) 
becomes, 

2
0

2
m u

U ε+ =
 

and equivalently we get, 
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( )2

2 2
0

2 Uu
c m c

ε −
=

. (6.20) 

In this Equation the rest mass 0m  and the potential energy U are treated as independent of the 
self-variation of the electric charge q . For non-relativistic velocities u , in Equation (6.7) substituting 
q e= −  and 1q e=  where e  is the laboratory value of the charge of the electron in absolute value, 
we get, 

0

2

4
e

U
rπε

= −
 

and Equation (6.20) becomes, 
2

0 0

2 2
4 rm
eu ε
πε

= +
 
 
  . (6.21) 

For non-relativistic velocities u , from Equation (6.19) we get, 
2

2
0 02

2 2b b
m m qq u∇ = +

 ∇⋅ 
 

u
   

and with Equation (6.21) we get, 

2
2

0

2 2
0

4 2
2 m e

q q
b

b
rπε

ε∇ += +
 

∇⋅ 
 

u
 . (6.22) 

Equation (6.22) gives periodic solutions if b i= , 

2
2

0

2
0

4 2
2m e i

q q
rπε

ε∇ += −
 

− ∇⋅ 
 

u
 . (6.23) 

If 0∇ ⋅ =u  we get the time-independent Schrödinger Equation, 

2
2

0

2
0

4
2m e

q q
r

ε
πε

∇ += −
 
 
  . (6.24) 

In the context of the Self-Variation Theory, the time-independent Schrödinger Equation 
expresses the self-variation of the electric charge, on the charge-carrier particle. 

The differential Equation (6.24) gives the self-variation of the electric charge on the hydrogen 
and muon atoms. For more complete solutions it is required to avoid the approximations we have 
made. The difference of Equations (6.23) and (6.24) as well as the fact that the time-independent 
Schrödinger Equation is non-relativistic must be attributed to these approximations. We expect that 
investigation of the general Equation (6.17) will provide a more complete mathematical formalism 
for the hydrogen and muon atoms. An issue that has also not been explored is finding the conditions 
under which the self-variation of electron passes from Equation (6.3) to Equation (6.4) and vice versa. 

The Equations of this Chapter are differentiated for individuals with an atomic number greater 

than 1. In the atom of helium there are 

4
6

2
=

 
 
   interactions between the 4 electric charges. These 

interactions affect the inner product ∇ ⋅u  in Equation (6.23) and potential energy (6.7). 

6.4. Quantum Mechanical Operators and Self-Variation 

In this Section we study the relation of the individual derivatives kx
∂
∂  in the equations of the 

Self-Variation Theory with the quantum mechanical operators, 
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0
0

P i
x

i

∂
→ −

∂

→ − ∇P



 . (6.25) 
We first apply the operators (6.25) 

0
0

i
P

x

i

∂
→

∂

∇→ P



  
to Maxwell's laws, 

0

0

0
0

0

ic
x

i
c x

μ

ρ
ε

= −

=

∇ ⋅ =

∇ ⋅ =

∂
∇×

∂

∂
∇×

∂
+

E

E

B
B

EB j
 

for the electromagnetic field of Equations (3.34), (3.35) and we get, 

0

0

00

0
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i
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i
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i
c

i

i

i

i
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ρ
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⋅ =

⋅ =
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E
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  
and equivalently we get, 
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= −

⋅ =

×

×
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
 

and with Equation (3.81) we get, 

0
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0
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0
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i
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P
c

i

i
P

c

iP

P

iP
c

i μ
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j E
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and equivalently we get, 
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0
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0
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ρ ε=

=
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×

×
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B
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υ E
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j E
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and with Equations (3.35) and (3.94) we get, 

0
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0 0
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P
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c
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ρ ε=

=×

⋅

−υ B

υ E

j E




 

and with Equation (3.94) we get, 

0 2 0
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ρ ε=
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υ E
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and equivalently we get, 
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and equivalently we get, 
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and with Equation (3.79) we get, 
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1

i q
cb q t

i q
c cb q t c c
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ρ ε=
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−
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and equivalently we get, 

0
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1
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i q
cb q t c

i q
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∂
∂
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and replacing b i=  we get, 

02

0
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q
c q t c
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c q t c c
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ρ ε= −
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∂
∂
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⋅

⋅

υ E
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and with equation 
0 02

1
c

μ ε=
 we get, 
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0

0

1 q
c q t c
q
q t c c

ε

ρ ε= −

=

⋅∂
∂

∂  −  ∂  
⋅

υ E

υ υj E
. (6.26) 

From Equation (3.34) we get, 
2

2

2
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0 2
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4 1

u q
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 
− 
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 

Eυ
u υ

. (6.27) 
From Equations (6.26) and (6.27) we get, 
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4 1
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=
⋅

u υ

j υ υ
u υ

, (6.28) 
which are Equations (3.47). 
The original proof that Maxwell's laws are compatible with self-variation was done in a different 

way (refer to Appendix B). From the comparison of the two proofs we arrive at the following 
conclusion: the compatibility of Maxwell's laws with self-variation is equivalent to the use of the 
operators (6.25) of quantum mechanics. 

We now prove the continuity equation using the operators (6.25). First, from Equations (6.28) 

and 
2 2c=υ  we get, 

2cρ⋅ =υ j . (6.29) 
We apply the operators (6.25) to the continuity equation, 

0

0ic
x
ρ∂

+ =
∂

∇⋅ j
 

and we get, 

0 0
i i

ic P ρ+ =⋅P j
   

and equivalently we get, 

0 0icP ρ+ =⋅P j  
and with Equation (3.81) we get, 

0 0 0iP ic
c

P ρ− + =⋅υ j
 

and equivalently we get, 

0c
c

ρ− + =⋅υ j
 

and equivalently we obtain, 
2cρ⋅ =υ j , 
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which is Equation (6.29). Working similarly, from Equation (6.29) we obtain the continuity 
equation. In the surrounding spacetime of a point electric charge, whether we apply Equations (3.6) 
- (3.29) or apply the operators (6.25) we get the same equations for the electromagnetic interaction. 

We now apply the operators (6.25) and prove the continuity equation on the point charge q . 
From Equation (6.10) we have, 

2cρ⋅ =u j  
and equivalently we get, 

2
0 0iP iP cρ− ⋅ = −u j  

and with the second of Equations (6.5) we get, 
2

0c iP cρ⋅ = −P j  
and applying the operators (6.25) to the charge density ρ  and the current density j  we get, 

0

2 i
x

c ic ρ∂
−

∂
 

− ∇⋅ = − 
 

j 
 

and equivalently we obtain the continuity equation, 

0

0ic
x
ρ∂

+ =
∂

∇⋅ j
. 

Working similarly, from the continuity equation we obtain Equation (6.10). 
The analysis presented in this section leads to the following fundamental conclusion: 
The compatibility of the laws of physics with the principle of self-variation is mathematically 

equivalent to the use of the quantum mechanical operators defined in Equation (6.25). 
This result emerges from a proof that involves two of the cornerstones of physics: Maxwell’s 

equations and the principle of charge conservation, as formulated through the continuity equation. 
At the microscopic scale, the self-variation of material particles provides a natural explanation 

for the emergence of quantum phenomena. In this context, the appearance of quantum mechanical 
operators is not introduced axiomatically but arises as a direct consequence of the underlying self-
variation dynamics. This connection offers a new theoretical foundation for quantum mechanics 
rooted in the physical process of self-variation. 

6.5. The Rest Masses 
0
2
E
c  and 0m  

We now calculate the rest masses 
0
2
E
c  and 0m . From Equation (2.6) we get, 

2
0

02
2

2 0
E
c

P+ + =P
 

and with Equations (6.5) we get, 

2 2
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2
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2

22 0
u
P P

c
E
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and equivalently we get, 

2
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2

2

2
0
2 1
c

P
c

E u
= − −

 
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   

and equivalently we get, 
2

0 20 1E
u

icP
c

= ± −
 

and with the first of Equations (6.5) we get, 
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 
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and equivalently we obtain, 

20

2

1
q u

b q
E

t c
∂

= ± −
∂



. (6.30) 
From Equation (2.6) we get, 

2 2 2 2
0 0 0J m c+ + =J  

and with Equation (1.7) we get, 

( ) ( )2 2 2
0
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0 0 0c P m c− + − + =C P  

and equivalently we obtain, 
2 2
0

2 2 2 2
0 0 0 02 2 0c P c P m c+ + + − ⋅ − + =C P C P  

and with Equations (2.6) and (2.7) we get, 

( )2 2
0 0

2
0
2

2 2
0 02m c M

E
c
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and with the second of Equations (6.5) we get, 
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and equivalently we get, 
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2 2m c
E

c
M i c

c
P ic= + + 
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 
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and with the first of Equations (6.5) we obtain, 

2 2
0 2

222

2
2 2
0 02

2
1
u

m
c

q q
q t q t c

c M ic
c b cb

c −
∂ ∂
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= + + 
 

   + ⋅   
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u C 

. (6.31) 

Equations (6.30) and (6.31) show the factors on which the rest masses 
0
2
E
c  and 0m . One of these 

factors is the rate of change 

q
q t
∂
∂ , i.e. the self-variation of the electric charge. If we ignore the self-

variation by considering 
0

q
t

∂
=

∂ , from Equation (6.30) we get 0 0E =  and from Equation (6.31) it 

follows that the rest mass 0m   is constant, 0 0m M= ±  . If u c→   from Equation (6.30) we have 

0 0E →  and from Equation (6.31) we have, 

2 2
0

2 2
0 0

2
m

q
c

c M ic
q t

c
cb

→
∂
∂

+ +
 

⋅ 

u C

. 

6.6. The Information in the Surrounding Spacetime of Electric Charge 

The splitting of the electromagnetic potential of the self-variation into two individual potentials 
separates the electromagnetic field that accompanies the point electric charge in its motion, from the 
electromagnetic radiation it emits. Thus we have the possibility to do an analysis of the 
electromagnetic potential that cannot be done in the context of the classical Electromagnetic Theory. 

At large distances from the electric charge ( )q q w=  the potential (3.36) tends to zero, and the 
electromagnetic potential is given by Equations (3.38), 
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( ) ( )
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0 2
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4 1
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c
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⋅
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⋅
−

=

 
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υ a
u υ

υA
. (6.32) 

The potential (6.32) is independent of the distance r   (refer to Figure 3.1). From the first of 

Equations (6.32) we get the potential energy U  of the system of charges ( )wq  and ( )1 , , ,t x x zq , 
( ) ( ) ( )

2
3

0 2

1 , , ,

4 1

w t x x zq q
U

c
c

πε

⋅
=

⋅
− 

 
 

υ a
u υ

. (6.33) 

An observer located at point A measures the electric charge ( )1 , , ,q t x x z e= ±
, where e  is 

the laboratory value of the charge of the electron, in absolute value. Thus, from Equation (6.33) we 
obtain, 

( ) ( )
2

3
0 24 1

w eq
U

c
c

πε

⋅
= ±

⋅
− 

 
 

υ a
u υ

. (6.34) 
The potential given by Equation (6.33) is independent of distance, and therefore corresponds to 

a field with infinite range. This is consistent with the observed long-range behavior of electromagnetic 
radiation. Given the approximate charge neutrality of the universe—i.e., the existence of nearly equal 
amounts of positive and negative electric charge—the potential of Equation (6.33) does not contribute 
to the net energy content of the universe. 

However, in the case of interaction between two electric charges, the potential of Equation (6.32) 
gives rise to an interaction energy described by Equation (6.33). For an observer located at a specific 
point in space, this energy is expressed explicitly by Equation (6.34). Through the mechanism of self-
variation of the potential, a set of information is transmitted from the source of the electromagnetic 
field to infinity. Among these transmitted quantities is the self-variation of electric charge itself. 

At distances down to the atomic scale, the variation in the value of interacting electric charges is 
governed by the equations of quantum mechanics. To a first approximation, Equation (6.24) provides 
a representative model for such variation. At these scales, a detailed analysis of the quantum 
mechanical framework can establish the limits within which the electric charge is allowed to vary. 

Importantly, across all spatial scales, the electric charge does not act strictly with its constant, 
classical laboratory value, e. Instead, it undergoes a subtle process of self-variation. This has 
measurable implications for a broad range of physical processes, from photon exchange between 
charged particles to the dynamics of chemical reactions. When interpreted as an exchange of 
information, this self-variation introduces a statistical uncertainty—effectively, a margin of error—in 
the information carried by the interaction. 

According to cosmological observations (see Section 5.2), the rate of this self-variation is 
extremely slow. Consequently, the associated probability of statistical error is expected to be 
correspondingly low—yet it remains non-zero. 

6.7. The Interiority of the Universe in the Process of Measurement 

The self-variation of material particles brings to the surface the interiority of the universe during 
the act of measurement. When measuring a physical quantity such as the electric charge q , the unit 
of measurement itself is also subject to self-variation. This intrinsic variability cannot be directly 
observed in laboratory conditions; only its physical consequences can be measured. As a result, the 
question naturally arises: what mathematical formalism can adequately describe such a 
phenomenon? 
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At the microscopic scale, laboratory measurements suggest a periodic variation of the electric 

charge around its laboratory value Q e= ± . This periodic behavior emerges naturally from Equation 
(1.1), under the assumption that the constant b i= ± , and is formally described by Equation (6.24). In 
this context, the laboratory value may be interpreted as a time-averaged representation of the 
electron’s electric charge. A possible connection between this self-variation and the Born statistical 
interpretation of the Schrödinger wave function remains an open question, meriting further 
investigation [8]. The Self-Variation Theory offers the foundational equations to support such an 
inquiry. 

At cosmological distance scales, observations point to the effects of a genuine, distance-
dependent variation in the value of the electric charge relative to its laboratory value. In this regime, 

the constant 0b ≠   in Equation (1.1) is understood to be a real number, 
*b∈  . In this way, the 

interiority of the universe—initially linked to the nature of observational apparatus—is reformulated 
as a purely mathematical matter: namely, the behavior of the parameter 0b ≠  within the complex 
number set  . 

The profound relationship between mathematics and both art and science is continually 
reaffirmed within the mathematical formalism of physics. Bertrand Russell expressed this elegantly: 

“Mathematics, rightly viewed, possesses not only truth, but supreme beauty-a beauty cold and austere, 
like that of sculpture, without appeal to any part of our weaker nature, without the gorgeous trappings of 
painting or music, yet sublimely pure, and capable of a stern perfection such as only the greatest art can show.” 
[10] 

Yet, the application of mathematics in physics also requires a clearly defined conceptual 
framework within which its implications may be explored. In the present context, such a framework 
is provided by the three fundamental principles of the Self-Variation Theory. 

The observable consequences of self-variation depend significantly on the spatial scale at which 
the phenomenon is examined. At microscopic distances, self-variation leads to an inherent 
uncertainty in measurements—arising from the variability of both the charge and the unit used to 
measure it. Charges never interact through their fixed laboratory values; rather, they exhibit a 
dynamic oscillation around these values. 

At cosmological distances, the consequences of self-variation are directly imprinted in 
observational data. In fact, cosmological measurements represent the clearest and most anticipated 
manifestation of the phenomenon. At intermediate scales, one possible approach for probing the 
implications of self-variation is through the study of the self-variation potential itself. 

Across all distance scales, the fundamental laws of physics appear to remain compatible with 
the self-variation of material particles. 

Appendix A Lorentz-Einstein Transformations of Physical Quantities ijΦ  and 
Their Relations 

In the 4-dimensional spacetime of Special Relativity, from Equations (1.15) we get, 

0 00 0 01 1 02 2 03 3

1 10 0 11 1 12 2 13 3

2 20 0 21 1 22 2 23 3

3 30 0 31 1 32 2 33 3

...
...

P J J J J

P J J J J

P J J J J

P J J J J

= Φ +Φ +Φ +Φ

= Φ +Φ +Φ +Φ

= Φ +Φ +Φ + +Φ

= Φ +Φ +Φ + +Φ . (A.1) 

For the inertial reference system ( )0 1 2 3, , ,x x x x′ ′ ′ ′ ′Ο , from the first of Equations (A.1) we get, 

0 00 0 01 1 02 2 03 3P J J J J= Φ +Φ +Φ +Φ′ ′ ′ ′ ′ ′ ′ ′ ′
 

and by Transformations (2.9) we get, 
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00 1 00 0 1 01 1 02 2 03 3
iu iu iu

P P J J J J J
c c c

Jγ γ γ′ ′ ′ ′= Φ +Φ +Φ +Φ     − − +     
       

and with the first two Equations (A.1) we get, 

( ) ( )

0

00 0 01 1 02 2 03 3 10 0 11 1 12 2 13 3

00 0 1 01 1 02 2 03 3

iu
c

iu iu
J J J J J

c c

J J J J J J J J

J

γ γ

γ γ

Φ +Φ +Φ +Φ Φ +Φ +Φ +Φ

′ ′ ′ ′= Φ +Φ +Φ +Φ

−

   − +   
     

and taking into account that this Equation is valid for every tetrad ( )0 1 2 3, , ,J J J J  we get, 

00 10 00 01

01 11 00 01

02 12 02

03 13 03

iu iu
c c
iu iu
c c
iu
c
iu
c

γ γ γ γ

γ γ γ γ

γ γ

γ γ

′ ′Φ − Φ = Φ + Φ

′ ′Φ − Φ = − Φ + Φ

′Φ − Φ = Φ

′Φ − Φ = Φ
 

and equivalently we get, 

00 00

01 10

00 11

01 01

02 02 12

03 03 13

iu
c
iu
c

γ

γ

′Φ = Φ
′Φ = −Φ
′Φ = Φ
′Φ = Φ

′Φ = Φ − Φ

′Φ = Φ − Φ

 
 
 
 
 
   

and equivalently we get, 

00 00 11

01 10

01 01

02 02 12

03 03 13

iu
c
iu
c

γ

γ

′Φ = Φ = Φ

Φ = −Φ
′Φ = Φ

′Φ = Φ − Φ

′Φ = Φ − Φ

 
 
 
 
 
  . 

Working in the same way in the rest of Equations (A.1), we finally get Equations (2.10) - (2.13). 
  

Appendix B Charge Density and Current Density in the Surrounding Spacetime 
of an Electric Point Charge. The Compatibility of Maxwellʹs Laws with Self-
Variation 

In Chapter 3, from Maxwell's first law we have proved Equation (3.47), 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 September 2025 doi:10.20944/preprints202509.2574.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.2574.v1
http://creativecommons.org/licenses/by/4.0/


 123 of 140 

 

2

2

3
2

2

1

4 1

u
dq c
dw

cr
c

ρ
π

−
= −

−
⋅ 

 
 

u υ

, (B.1) 
for the charge density in the surrounding spacetime of the electric point charge q . The current 

density j in the surrounding spacetime of q  is calculated by Maxwell's fourth law, 

0 2c t
μ

∂
= ∇ × −

∂
Ej B

. (B.2) 

If we ignore self-variation and consider q  constant, at point A  there is no current density j

. Thus from Equations (B.2) and (3.48), (3.49) we get, 
2

2

3 2
2 3

20 02 2

2

2

3
2 2

0 02 2

2

1
1

14 1 4 1

1
1

4 1 4 1

u
c cq

c c c c c
r c r cc c

u
c

q
c t c c

r c r
c c

cπε πε

πε πε

− ⋅
= ∇× × + × − ×

⋅⋅ ⋅ −− −

−
∂

− − +
∂ ⋅ ⋅

− −

     
                         

          

 
    

 
    

  
   

υ a
u υ u υ υ0 a

u υu υ u υ

υ u
u υ u υ 2

21

c
c c

c

⋅
− −

⋅
−

   
           

    

υ a
υ u a

u υ

. (B.3) 
Equation (B.3) is also proved using the auxiliary Equations (3.6) - (3.29). From Equations (B.2) 

and (3.34), (3.35) we get, 
2

2

3 2
2 3

20 02 2

2

2

3
2 2

0 02 2
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2

1
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14 1 4 1

1
1

4 1 4 1

u
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c c c c c
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c t c c

r c r
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πε πε

πε πε

− ⋅
= ∇× × + × − ×

⋅⋅ ⋅ −− −

−
∂

− − +
∂ ⋅ ⋅

− −

     
                         

          

 
    

 
   

  
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υ a
u υ u υ υj a

u υu υ u υ

υ u
u υ u υ 2

2

2

2

3 2
2 3

20 02 2

2

2

2

1

1
1

14 1 4 1

1

c
c c

c

u
c cq

c c c c c
r c r cc c

u
cq

c t

cπε πε

⋅
− −

⋅
−

− ⋅
+∇ × × + × − ×

⋅⋅ ⋅ −− −

−
∂
∂

   
            

    
     
                         

          



−

υ a
υ u a

u υ

υ a
u υ u υ υ a

u υu υ u υ

3 2
2 2

20 02 2

1

14 1 4 1

c
c c c c

r c r cc c
πε πε

⋅
− + − −

⋅⋅ ⋅ −− −

    
                         

          

υ a
υ u υ u a

u υu υ u υ

 
and with Equation (B.2) we get, 
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and with Equation (3.20) we get, 
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 (refer to Equation (3.4), 
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we get, 
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and equivalently we get, 
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and equivalently we get, 
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and equivalently we get, 
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and equivalently we get, 
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and equivalently we get, 
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and equivalently we get, 
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and taking into consideration the equation 
0 2

0

1
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μ
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=
 we get, 
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and with Equation (3.18) we get, 
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and with Equation (B.1) we obtain, 
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which is the second of Equations (3.47).   
Maxwell's Equations are obviously compatible with Lorentz-Einstein transformations. We prove 

that they are also compatible with self-variance. Working similarly, as for the proof of Equations 
(3.47), for the second and third laws, we prove that Maxwell's laws are compatible with the self-
variation of the point electric charge q . The laws of physics are compatible with self-variation. 

If we ignore self-variation and consider q  constant, from Maxwell's second law 
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and Equation (3.35) we get, 
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. (B.4) 
Equation (B.4) is also proved using the auxiliary Equations (3.6) - (3.29). From Equation (3.35) 

we get, 
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and with Equation (B.4) we get, 

2

2

3 2
2 3

20 02 2

1 1

14 1 4 1

u
cc

c c c c c
cr c r cc c

q
πε πε

∇ ∇
⋅−

× + × − ×
⋅⋅ ⋅ −

⋅ = ⋅
− −

 
 
 
 
 

  
          

        
         

υ a
u υ u υ υB a

u υu υ u υ

 
and with Equation (3.20) we get, 
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and equivalently we obtain, 

0∇⋅ =B , 

taking into consideration that the vector c
υ

 is perpendicular to the vectors c c
×

u υ

 and c
×

υ a
. 

If we ignore self-variation and consider constant, from Maxwell's third law 
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and Equations (3.34) and (3.35) we get, 
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From Equations (3.34) and (3.35) we get, 
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and with Equation (B.5) we get, 
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and with Equation (3.20) we get, 
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and equivalently we get, 
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and equivalently we get, 
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and equivalently we obtain, 

t
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∇× BE 0
. 

Therefore, Maxwell's laws are compatible with the self-variation of point electric charge q . 

Appendix C Second Way of Proving the Conservation of Electric Charge in the 
Surrounding Spacetime of a Point Charge 

From the first of the Equations (3.47) we get 
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where θ   is the angle of the vectors u   and rc
= rυ

 . For the volume V   of the sphere with 
center E  and radius r  (refer to Figure 3.1) we have, 
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From Equations (C.1) and (C.2) we get, 
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We denote 
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2 2

1
1

2 20 1 1
2 2

sin

1 cos

21 1 1 2

1 1 1 1

u
u c
c
u u
c c

d

u
c

c u
d c c cu c

u u u uu u u
c c c c

π θ θ

θ

λ

λ λ

+
+

−
−−

−
− − − −

+ − − −

 
  = = = = =          

 
 

and with Equation (C.3) we get, 

[ ] ( ) ( )
t t

wV w

dq
t w

dt
dV dt q q qρ +

′
′= − = − = − 

 
and equivalently we obtain, 

( ) ( )
V

w tq q dVρ= +   
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which is Equation (3.58). In the calculations we took into account Equations (C.4), (C.6) and the 
inequality (C.5).   

Appendix D Proof of the Orbit Representation Theorem 

In Figure 3.2, for the neighboring points 

, , ,p p p

r r r r
E x t y t z t t

c c c c
− − − −      

              
and 

, , ,p p p

r r r r
E x t y t z t t

c c c c
′ ′ ′ ′

′ − − − −      
             , 

where 

c r r
′

= =
′

υ r r

 (D.1) 
we have, 

AA d EE
→ →

′ ′ ′= = − + +r r r  
and equivalently we get, 

r r
d

c c
′

′= − + − + 
 
 

r r u r
 

and with Equation (D.1) we get, 

( )r r r
d

c
r

c c
= − + −′−  

 
 

υr u
 

and equivalently we get, 

( )
c

d r r
c

′−= −  − 
 
υ ur

. (D.2) 
For the time interval dw , during which the q  moved from point E  to point E′ , we have 

r r r r
dw t t

c c c c
′ ′

= − − −    = −   
    . (D.3) 

From Equations (D.2) and (D.3) we get, 

c
d cdw

c
= −  − 

 
υ ur

. (D.4) 
From Equation (D.4) we get the tangent vector t  at point A  of the curve C , 

c c

c c

d
d −

= =
−υ u

rt
υ ur

 
and equivalently we obtain, 

=
−
−

υ ut
υ u . (D.5) 

For the arc length dS  of curve C  at point A , from Equation (D.4) we obtain, 
dS d dw= = −r υ u . (D.6) 
For the curvature vector k  we have, 

d
dS

=
tk

 
and with Equation (D.6) we get, 
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d
dw

=
−
tk
υ u  

and with Equation (D.5) we get, 

d
dw

=
−

 

 

−
 −
υ uk

υ u υ u  
and taking into consideration that it is 
d
dw

=
υ 0

, 
d
dw

=u a
, 

2 2 2 2 22 2u c− = + − ⋅ = + − ⋅u υ u υ u υ u υ , 
we obtain 

( ) ( )[ ]
4

− ×
=

−

× −u υ

u υ

a u υ
k

. (D.7) 
From Equation (D.7) we obtain, 

( )
3k

− ×
=

−

u υ a
u υ . (D.8) 

For the vector n  we have, 

=n
k
k  

and with Equations (D.7) and (D.8) we obtain, 
( ) ( )[ ]

( )
− ×

=
× −

− − ×

u υ a u υ
n

u υ u υ a , (D.9) 

if ( )− × ≠u υ a 0
. 

For the vector b  we have, 
= ×t nb  

and with Equations (D.5) and (D.9) we obtain, 
( )
( )

− ×
=

− ×
u υ a

b
u υ a . (D.10) 

From the third of Equations (3.60) we get, 

dS
d

τ = − ⋅n b

 
and after the necessary calculations we obtain, 

( )

( )( )
( ) 2

2 2 2

d
dwτ

⋅ − ×
= −

− − − ⋅

 
 
 

aa u υ
u υ

u υ a u υ a . (D.11) 
From Equations (3.62), (3.65), (3.67), (3.68), (3.66) and (3.69), by substituting 

:f → −u u υ  
we get Equations (D.5), (D.7), (D.9), (D.10), (D.8) and (D.11). From Equations (D.5), (D.7), (D.9), 

(D.10), (D.8) and (D.11), by substituting 
1 :f − →− υu u  

we get Equations (3.62), (3.65), (3.67), (3.68), (3.66) and (3.69).   
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