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The physical theories of the last century do not possess the completeness necessary in
order to justify the quantum phenomena and the cosmological data. In this article, we
present the law of selfvariations and suggest it as the common cause of quantum and
cosmological phenomena. There is an intermediate state between matter and the photon,
which is the cause of quantum phenomena. The cosmological data are condensed in a
single equation with one unknown. The consequences of the law of selfvariations extend
from the microcosm to the observations we make billions of light-years away.
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1 Introduction

The study we present in the current edition is based on two
assumptions that are taken as axioms. The first assumption is
that the rest masses m0 and electric charges q of material par-
ticles increase with the passage of time (selfvariations). The
second assumption is that the consequences of the selfvari-
ations propagate through four-dimensional spacetime with a
zero arc length: dS 2 = 0 . The set of consequences arising
from these two assumptions constitutes the “theory of self-
variations”.

An immediate consequence of the statements-axioms we
have introduced, is the concept of the generalized photon: a
particle carrying energy E, linear momentum P, and moving
with velocity υ, of magnitude ∥υ∥ = c, in every inertial frame
of reference. The generalized photon correlates the material
particle with its surrounding spacetime. In its simplest ver-
sion, the generalized photon is emitted by the material parti-
cle into its surrounding spacetime. When the material particle
is electrically charged, the generalized photon, apart from en-
ergy and momentum, also carries electric charge.

In figure 1, the arbitrary motion of a material point parti-
cle moving with velocity u in an inertial frame of reference
O(x, y, z, t) is represented.

A generalized photon is emitted by the material particle

at time w = t − r
c , from point E(xp(w), yp(w), zp(w), w), and

arrives at time t at point A(x, y, z, t). The velocity of the gen-
eralized photon in Figure 1, is

υ =
c
r

r

where r = ∥r∥. We express the vector υc in the trigono-
metric form

υ

c
=



υx

c
υy

c
υz

c


=

 cos δ
sin δ cosω
sin δ sinω

 .
Furthermore, we define the following two vectors

β =

 − sin δ
cos δ cosω
cos δ sinω


and

γ =

 0
− sinω

cosω

 .
The vectors υc ,β,γ constitute a right-handed, orthonor-

mal vector basis that accompanies the generalized photon in
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Fig. 1: A material point particle moving arbitrarily. As the ma-
terial particle moves from point E(xp(w), yp(w), zp(w), w) to point
P(xp(t), yp(t), zp(t), t), the generalized photon moves from point
E(xp(w), yp(w), zp(w), w) to point A(x, y, z, t).

its motion. The consequences of the selfvariations are ex-
pressed as functions of the parameters w = t − r

c , r, δ, ω. The
basic study of the selfvariations leads to two fundamental the-
orems: the “Fundamental Mathematical Theorem”, and the
“Trajectory Representation Theorem”. The first theorem al-
lows us to correlate any change in energy manifested on the
material particle at point E(xp(w), yp(w), zp(w), w) with a cor-
responding change in energy at point A(x, y, z, t) of Figure 1.
The second theorem represents the tangent vector, the curva-
ture and the torsion of the trajectory of the material particle
onto the geometric characteristics of the generalized photon
in the surrounding spacetime. The two theorems allow us to
express quantitatively the consequences of the selfvariations
on the surrounding spacetime of the material particle. As a
consequence of the selfvariations, in the surrounding space-
time of the material particle there is energy of density D

D = −c
∂m0

∂w

1

4πγ3r2
(
1 − υ · u

c2

)4

and momentum of density J

J = D
υ

c2

where
γ =

1√
1 − u2

c2

,

and u = u(w).
If the material particle is electrically charged, then in

the surrounding spacetime there is also electric charge of
density ρ

ρ = − ∂q
c∂w

1

4πγ2r2
(
1 − υ · u

c2

)3

and electric current of density j

j = ρυ.

The Lienard-Wiechert potentials

V =
q

4πε0r
(
1 − υ · u

c2

)
and

A =
q

4πε0c2r
(
1 − υ · u

c2

)u

are not compatible with the theory of selfvariations. There-
fore, they are replaced by the potentials of the selfvariations

V =
q
(
1 − u2

c2

)
4πε0r

(
1 − υ · u

c2

)2 +
q (υ · α)

4πε0c3
(
1 − υ · u

c2

)2

A = V
υ

c2

where α = α(w) is the acceleration of the material particle.
The potentials of the selfvariations are separated into two

individual pairs

Vu =

q
(
1 − u2

c2

)
4πε0r

(
1 − υ · u

c2

)2

Au = Vu
υ

c2

and
Vα =

q (υ · α)

4πε0c3
(
1 − υ · u

c2

)2

Aα = Vα
υ

c2 .

The (Vu, Au) pair gives the electromagnetic field (εu, Bu) that
accompanies the electrically charged material particle

εu =

q
(
1 − u2

c2

)
4πε0r2

(
1 − υ · u

c2

)3

(υ
c
− u

c

)

Bu =

q
(
1 − u2

c2

)
4πε0r2

(
1 − υ · u

c2

)3

u
c
× υ

c
.

The (Vα, Aα) pair gives the electromagnetic radiation

εα =
q

4πε0c2r
(
1 − υ · u

c2

)2


υ

c
α

1 − υ · u
c2

(υ
c
− u

c

)
− α


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Bα =
q

4πε0r
(
1 − υ · u

c2

)


υ
cα

1 − υ · u
c2

(u
c
× υ

c

)
− υ

c
× α

 .
The pair (Vα, Aα) of the electromagnetic radiation potentials
does not depend on the distance r. For each couple (ε, B) the
following relation holds

B =
υ

c2 × ε.

The energy-momentum tensor for the generalized photon that
results from the selfvariation of the rest mass m0 of the mate-
rial particle is given by the matrix Φi j

Φi j =
D
c2


c2 cυx cυy cυz

υxc υ2
x υxυy υxυz

υyc υyυx υ2
y υyυz

υzc υzυx υzυy υ2
z


where 

c
υx

υy
υz

 =

υ0

υ1

υ2

υ3

 , i, j = 0, 1, 2, 3.

The energy-momentum tensor for the generalized photon
that results from the selfvariation of the electric charge q of
the material particle is given by the matrix Φi j

Φi j =


W cS x cS y cS z

cS x σ11 σ12 σ13

cS y σ21 σ22 σ23

cS z σ31 σ32 σ33

 − ρVc2


c2 cυx cυy cυz

υxc υ2
x υxυy υxυz

υyc υyυx υ2
y υyυz

υzc υzυx υzυy υ2
z


where (S x, S y, S z) = S = ε0ε × B is the Poynting vector,

W =
1
2
ε0

(
ε2 + c2B2

)
and

σαβ = ε0

(
−εαεβ − c2BαBβ +Wδαβ

)
δαβ =

{
1, if α = β
0, if α , β

where α, β = 1, 2, 3 and

(ε1, ε2, ε3) = (εx, εy, εz) = ε

(B1, B2, B3) = (Bx, By, Bz) = B.

The energy-momentum tensors Φi j give us important in-
formation about the energy content of the surrounding space-
time of the material particle. Furthermore, they are related
with the gravitational and the electromagnetic interaction. As
we progress in our study however, it becomes evident that
there is information about the energy content and the proper-
ties of spacetime, that is not contained within the Φi j tensors.

The study we presented up to this point has been con-
ducted without a quantitative determination of the selfvaria-
tions. We made the assumption of the selfvariations in order
to undertake the relevant calculations, but we have not deter-
mined quantitatively the rate at which they evolve, i.e. the
∂m0
∂w

and ∂q
∂w

. In order to study the consequences of the self-
variations, we have to quantitatively determine these rates.

The quantitative determination of the selfvariations is
made on the basis of the total energy Es and the total mo-
mentum Ps emitted simultaneously in all directions, by the
material particle. The rest mass m0 and the electric charge q
of the material particle vary according to the operators

∂

∂t
→ − i
ℏ

Es

∇ → i
ℏ

Ps

where h is Planck’s constant, and ℏ = h
2π . The law of selfvari-

ations expresses a continuous interaction between the mate-
rial particle and the generalized photons.

The partial contribution of an individual generalized pho-
ton to the law of selfvariations is determined by the percen-
tage-function Φ. Due to this, function Φ has a fundamental
role in the energy content of the generalized photon.

The energy E and momentum P of the generalized photon
that is related to the selfvariation of the rest mass m0 of the
material particle, are given by the equations

E = Φ
iℏ

1 − υ · u
c2

∂m0

m0∂w
+ iℏ
∂Φ

∂t

P = Φ
iℏ

1 − υ · u
c2

∂m0

m0c∂w
υ

c
− iℏ∇Φ.

The equations that give the energy and momentum of the gen-
eralized photon that is related to the selfvariation of the elec-
tric charge of the material particle, are of similar form.

The energy E and the momentum P of the generalized
photon do not obey the simple relation

P = E
υ

c2 .

That relation is a special case of the general relation

P = E
υ

c2 −
iℏ
r
∂Φ

∂δ
β − iℏ

r sin δ
∂Φ

∂ω
γ.

The generalized photon determines the relation of the mate-
rial particle with the surrounding spacetime. Furthermore,
it is related with the energy content of spacetime and, hence,
with the very properties of spacetime. Because of this, a large
part of the study we present in the present edition concerns the
generalized photon and its properties. The resulting equations
contain an exceptionally large body of data and information.
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Thus, we shall confine ourselves to a brief report for the struc-
ture and the properties of the generalized photon.

The generalized photon carries four energy-momentum
pairs, each of which transforms autonomously, independently
of the rest, according to Lorentz-Einstein. Two of these pairs
do not possess rest energy, do not depend on the distance r
from the material particle, are defined both on the material
particle and on the surrounding spacetime, while they do not
possess intrinsic angular momentum (spin). The other two
energy-momentum pairs have, respectively, rest energy

±cℏ
r
∂Φ

∂δ

± cℏ
r sin δ

∂Φ

∂ω
.

Their energy and momentum are inversely proportional to the
distance r from the material particle, they are not defined on
the material particle but only on the surrounding spacetime,
while they possess intrinsic angular momentum (spin), given
respectively by

−iℏ
∂Φ

∂δ
γ

iℏ
sin δ

∂Φ

∂ω
β.

The total intrinsic angular momentum S of the generalized
photon is given by relation

S =
iℏ

sin δ
∂Φ

∂ω
β − iℏ

∂Φ

∂δ
γ.

The intrinsic angular momentum of the generalized photon
exhibits some remarkable properties. The first is that it does
not depend on the distance r from the material particle, while
it is also defined on the material particle itself. Furthermore,
the component

S u = iℏ
∂Φ

∂ω

in the direction of the velocity of the material particle, re-
mains invariant under the action of the Lorentz-Einstein trans-
formations and is, therefore, constant in all inertial reference
frames. Another property of the intrinsic angular momentum
of the generalized photon is that it does not vanish even if
we consider that the material particle is motionless. In other
words, the generalized photon carries intrinsic angular mo-
mentum even in the inertial reference frame in which the ma-
terial particle is at rest. In that sense, we can characterize
the intrinsic angular momentum of the generalized photon as
“rest angular momentum”. One final property, which is not
included in the present edition is the following: during the
interaction of the generalized photon with a material particle,
the variation ∆S of the angular momentum of the generalized
photon manifests a component along the direction of the vec-
tor υc .

Of particular interest is the fact that the generalized pho-
ton, in its general version, implies the existence of rest energy
in the surrounding spacetime of the material particle. The ex-
istence of this energy results as a general consequence of the
equations of the theory of selfvariations.

We remind that the law of the selfvariations has been
stated on the basis of the total energy Es and the total momen-
tum Ps of the generalized photons emitted simultaneously and
in all directions by the material particle. We can easily prove
that between the energy Es and the momentum Ps the follow-
ing relation holds

Ps = Es
u
c2

where u = u(w) is the velocity of the material particle at the
moment of emission of the generalized photons. The energy
Es is always correlated with a rest energy E0 (E0 , 0) through
equation Es = γE0, where γ = 1√

1− u2

c2

. Therefore, in the en-

ergy Es, which results from the aggregation of the generalized
photons, a rest mass of E0

c2 , 0 is implicit. The law of selfvari-
ations expresses exactly the interaction between the rest mass
m0 of the material particle, and the rest mass E0

c2 that results
from the aggregation of the generalized photons.

The physical object that results from the aggregation of
the generalized photons, always accompanies the material
particle. Because of this, we named it “accompanying par-
ticle”. The accompanying particle has rest mass E0

c2 , while
in the part of spacetime it occupies it holds that dS 2 = 0.
The combination E0

c2 , 0 and dS 2 = 0, leads to the conclu-
sion that the accompanying particle corresponds to an inter-
mediate state between “matter” ( E0

c2 , 0 ) and the “photon”
(dS 2 = 0). This intermediate state of matter is the cause of
quantum phenomena, and its prediction constitutes one of the
most important results of the theory of selfvariations.

In Nature, the system material particle-accompanying
particle exists and behaves as a “generalized particle” which
extends in a part of spacetime. The part of space occupied
by the generalized particle can be the point where the mate-
rial particle is located, or it can extend up to an infinite dis-
tance away from the material particle. In the part of spacetime
where the generalized particle extends, the trajectories and
velocities of the generalized photons are altered with respect
to the strictly defined trajectories and velocities presented in
Figure 1. There is an extreme case where the concepts of tra-
jectory and velocity of the generalized photon become mean-
ingless; they are not defined. The same is true for the trajec-
tory and velocity of the material particle in case it is located
in the part of spacetime occupied by the generalized parti-
cle. This prediction provides us with the basic idea about the
method we have to develop in order to study the generalized
particle.

One way in which to study the internal structure and phys-
ical properties of the generalized particle, is to eliminate the
velocity, which also represents the trajectory, from the equa-
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tions of the theory of selfvariations. This elimination of the
velocity can be accomplished in several ways. One is to intro-
duce into the equations of the theory of selfvariations the po-
tential energy U of the material particle. The resulting equa-
tion is the time-independent wave equation of Schrödinger

∇2Ψ = −2m0(ε − U)
ℏ2 Ψ.

The differential equations of the theory of selfvariations are of
first order. When we convert them to second order equations,
we can eliminate the velocity without having to introduce po-
tential energy, or any other physical quantity, into the equa-
tions. The elimination of velocity leads to the Klein-Gordon
equation. As a special case of the Klein-Gordon for m0 = 0,
we get the wave equation

∇2Ψ − ∂
2Ψ

c2∂t2 = 0

which appears in Maxwell’s theory of electromagnetism.
Observing the way in which we use Schrödinger’s opera-

tors in quantum mechanics, we realize that, what we are pri-
marily doing, is to eliminate the kinematic characteristics of
the material particle from the resulting differential equations.
Dirac does the same thing in the method he develops, in com-
bination, of course, with his additional assumptions, in order
to derive his eponymous equation.

In order to study the internal structure of the generalized
particle we have to answer specific questions. These ques-
tions, and more generally all the issues concerning the gen-
eralized particle, are completely different from the ones we
usually have to answer when we study physical reality.

The material particle can be located at any position in the
part of spacetime it occupies. Judging by the success of quan-
tum mechanics and by the high accuracy calculations it per-
mits, we conclude that statistical interpretation is one way
of studying the internal structure of the generalized particle.
However, the theory of selfvariations poses a question, the
answer to which, leads us to an unknown territory of physical
reality.

In order to study the internal structure of the generalized
particle we have to answer the question, how is the total rest
mass of the generalized particle distributed between the mate-
rial particle (m0) and the accompanying particle

(
E0
c2

)
. During

the quantitative determination of this particular distribution,
the Schrödinger and Klein-Gordon equations show up, to-
gether with the wave equation of Maxwell’s electromagnetic
theory. In the part of spacetime occupied by the generalized
particle, an external cause suffices to shift the rest mass to-
wards either the material particle or the accompanying par-
ticle. In the first case, the generalized particle behaves as a
material particle, which moves on a defined trajectory, with
defined velocity, energy, etc. In the second case, the gener-
alized particle spreads in spacetime, while the consequences

of the aggregation of the generalized photons are intensified.
This is the phenomenon we observe in the double-slit experi-
ment.

The law of selfvariations results in the differential equa-
tion (

m0c2 + iℏ
ṁ0

m0

)•
= 0

the only unknown being the rest mass m0 of the material par-
ticles. This simple equation contains as information and ra-
tionalizes, the totality of the cosmological data within a Uni-
verse that is flat and static, with the exception of a very slight
variation of the fine structure constant predicted by the equa-
tions of the theory of selfvariations for observations at dis-
tances greater than 6 × 109 ly. The redshift z of a distant
astronomical object located at distance r is given by equation

z =
1 − A exp

(
−kr

c

)
1 − A

− 1

where k is a constant and A is a scalar parameter that obeys
the inequality

z
1 + z

< A < 1

for every value of the redshift z. Therefore, the value of pa-
rameter A is close to 1, with A < 1. The distance r = r(z) of
a distant astronomical object as a function of the redshift z, is
given by equation

r =
c
k

ln
(

A
A − z(1 − A)

)
.

In figure 2 we present the plot of the function r = r(z) for
A = 0.900, A = 0.950, A = 0.990, A = 0.999 up to z = 5.
We observe that, as we increase the value of parameter A,
the curve tends to become a straight line. This result is not
accidental. It is proven that, for A → 1−, function r = r(z)
gives Hubble’s law.

The energy E(z) which fuels the radiance of astronomical
objects, and which originates from the process of fusion, and
generally from the conversion of mass into energy, is smaller
than the corresponding energy E in our galaxy, according to
equation

E(z) =
E

1 + z
.

Therefore, the intrinsic luminosity of the astronomical object
is lower than the standard luminosity we use. As a con-
sequence, the luminosity distance R we measure is in fact
greater than the real distance r of distant astronomical ob-
jects. The relevant calculations lead to equation

R = r
√

1 + z.

Consideration the arithmetic values of the parameters that
factor into function R = R(z), we obtain equation

R = 5000 z
√

1 + z
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Fig. 2: The plot r = r(z) of the distance of an astronomical object as
a function of redshift z, for A = 0.900, A = 0.950, A = 0.990, A =
0.999. As the value of the parameter A is increased, the curve r =
r(z) tends to a straight line.

where the luminosity distance R is given in Mpc. In figure 3
we present the plot of function R = R(z) up to z = 1.5.

Type Iα supernovae are cosmological objects for which
we can measure the luminosity distance at great distances.
At the end of the last century, these measurements were per-
formed by the independent scientific groups of Adam J. Riess
and Saul Perlmutter. The graph that results from those mea-
surements, exactly matches diagram in figure 3, which is the-
oretically predicted by the law of selfvariations. The con-
cept of dark energy was invented in order to justify the in-
consistency between the Standard Cosmological Model and
diagram in figure 3.

At cosmological scales, the rest mass m0(r) with which
an astronomical object exerts gravitational action at distance
r from itself, is given by equation

m0(r) = m0
0.001

1 − 0.999e−2×10−7r

where m0 is the laboratory value of the rest mass. The dis-
tance r is measured in Mpc.

For values of r of the order of kpc, it turns out that m0 =

m0(r). For r = 100 kpc we get m0(r) = 0.99999 m0. Con-
sequently, the strength of the gravitational interaction is not
affected on the scale of galactic distances. The selfvariations
do not affect the stability of the solar system and of galaxies.

On the contrary, at distances of the order of magnitude of
Mpc, a clearly smaller value of mass m0(r) compared to m0,
is predicted. For r = 100 Mpc we get m0(r) = 0.98 m0. For
even larger distances, the ratio m0(r)

m0
becomes even smaller.

For an astronomical object located at a distance correspond-
ing to redshift z = 9, it is m0(r)

m0
= 0.1. The strength of the

Fig. 3: The plot of the luminosity distance R of astronomical objects
as a function of the redshift z. The measurement of the luminosity
distances of type Iα supernova, confirms the theoretical prediction of
the law of selfvariations.

gravitational interaction exerted by an astronomical object
with z = 9 on our galaxy is just 10% of the expected. For
still greater distances, the gravitational interaction practically
vanishes. This is why gravity cannot play the role attributed
to it by the Standard Cosmological Model.

The Thomson scattering coefficient

στ =
8π
3

q4

m2
0c2

as well as the Klein-Nishina scattering coefficient

σ =
3
8
στ

m0c2

E

[
ln

(
2E

m0c2

)
+

1
2

]
obtain different values, namely

στ(r) =
8π
3

q4(r)
m2

0(r)c2

and

σ(r) =
3
8
στ(r)

m0(r)c2

E(r)

[
ln

(
2E(r)

m0(r)c2

)
+

1
2

]
respectively, at distant astronomical objects. The mathemati-
cal calculations give

στ(r)
στ
=
στ
σ
=


1 − A exp

(
−kr

c

)
1 − A


2

.
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At very large distances (r → ∞), and equivalently for the very
early Universe, we get

στ(r → ∞)
στ

=
σ(r → ∞)
σ

=

(
1

1 − A

)2

.

Because of the inequality z
1+z < A < 1 we see that A→ 1−

and, therefore, the Thomson and Klein-Nishina scattering co-
efficients obtain enormous values in the very early Universe.
Consequently, in its very early stages, the Universe went
through a phase during which it was opaque to electromag-
netic radiation. The cosmic microwave background radiation
originates from that period. The theory of selfvariations pre-
dicts that, in that phase, the temperature of the Universe was
slightly above 0 K. Furthermore, it predicts that the cosmic
microwave background radiation originates from the whole
extent of the space occupied by the Universe.

The ionization and excitation energy Xn(r) = Xn(z) of the
atoms of distant astronomical objects differs from the labora-
tory value Xn according to equation

Xn(z) =
Xn

1 + z
.

This equation has consequences regarding the degree of ion-
ization of distant astronomical objects. In other words, the
redshift z affects the degree of ionization of atoms in distant
astronomical objects. Boltzmann’s formula

Nn

N1
=
gn

g1
exp

(
− Xn

KT

)
gives the number of excited atoms Nn, that occupy the energy
level n on a stellar surface which is in thermodynamic equi-
librium. With Xn we denote the excitation energy from the
ground energy level 1 to the energy level n, T denotes the tem-
perature of the stellar surface in Kelvins K = 1.38×10−23 J

K is
Boltzmann’s constant, and gn is the degree of degeneracy of
energy level n (that is, the number of energy levels in which
the energy level n splits in a magnetic field). At distant astro-
nomical objects Boltzmann’s formula becomes

Nn

N1
=
gn

g1
exp

(
− Xn

KT (1 + z)

)
.

From this equation it follows that the degree of ionization
at distant astronomical objects is greater than expected. The
mathematical calculations lead to the conclusion that the Uni-
verse went through a phase of ionization. The dependence
of the degree of ionization, as well as of the Thomson and
Klein-Nishina scattering coefficients, on the redshift z, de-
mands an overall re-evaluation of the electromagnetic spectra
we receive from distant astronomical objects.

The law of selfvariations correctly predicts the structures
in the Universe. It predicts the monstrous webs of matter in
between vast expanses of empty space which we observe with

current observational instruments. At smaller scales, it pre-
dicts galaxies and galactic clusters.

The theory of selfvariations also solves a fundamental
problem concerning physical reality, which the physical the-
ories of the last century were unable to solve: the arrow of
time is included within the equations of the theory of selfvari-
ations. The Universe comes from the vacuum and evolves to-
wards a particular direction defined by the selfvariations. As
mentioned earlier, at cosmological scales, all the equations
resulting from the law of selfvariations give at the limit, for
r → ∞, that the initial form of the Universe only slightly dif-
fers from the vacuum at a temperature of 0 K. The origin of
matter from the vacuum, in combination with the principles
of conservation, with which the law of selfvariations agrees,
necessitate that the energy content of the Universe remains
zero. The selfvariations continually “remove” the Universe
from the state of the vacuum, while at the same time the Uni-
verse remains consistent with its origin.

In contrast to what happens at the macrocosm, the equa-
tions predict that in the laboratory the arrow of time does not
exist. This prediction definitively solves the problem with the
arrow of time.

A measure of the future evolution of the Universe is the
rate of increase of the redshift z predicted by the law of self-
variations. Substituting the arithmetic values of the parame-
ters into the corresponding equation, we get

ż = z · 6.3 × 10−11year−1.

It is very characteristic the fact that one simple differential
equation, having as a unique unknown the rest mass, con-
tains as information, and at the same time justifies, the total-
ity of the cosmological data, as we observe and record them,
from the time of Hubble up to the present. Generally, the
equations of the theory of Selfvariations contain an extremely
large amount of data and information.

2 The study of the selfvariations for an arbitrarily
moving point particle

2.1 Introduction

In this article we present the fundamental study for the mathe-
matical background of the theory of selfvariations. We prove
a set of equations which permits us the following: We can
represent in the surrounding spacetime of a material particle
any kinematic characteristic which concerns the material par-
ticle. At every point of spacetime, the velocity, the accelera-
tion, the tangent vector, the curvature and the torsion of the
trajectory of the material particle can be mapped in a one-to-
one correspondence. This mapping allows us to take the next
step: we exactly determine the contribution of the material
particle to the energy content of the surrounding spacetime.
What emerges is a continuous interaction of every material
particle with the surrounding spacetime. The equations are
proven for a material point particle in arbitrary motion. We
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present a more general statement of the equations in the para-
graph 8.

2.2 Arbitrarily moving material point particle

The theory of selfvariations is based upon two hypotheses
which are taken as axioms.

a) The rest mass and the electric charge of the material
particles increase slightly with the passage of time. We shall
call this increase “selfvariations”.

b) The consequences of the selfvariations propagate
within the four-dimensional spacetime with a vanishing four-
dimensional arc length:

dS 2 = 0.

In an inertial frame of reference, according to the second
postulate, the velocity of propagation of the selfvariations re-
mains constant as a vector

υ =

υx

υy
υz

 = constant. (1)

This vector has magnitude

∥υ∥ =
√
υ2

x + υ
2
y + υ

2
z = c. (2)

The selfvariations cause energy changes to every mate-
rial particle and, as a consequence, energy, linear momen-
tum and angular momentum propagate into the surrounding
spacetime.

We shall later call the carrier of this energy, “generalized
photon”. Initially, we will refer to the generalized photon as a
signal emitted by the material particle, moving with velocity
υ, and, as our study advances, its properties as a real physical
object will be revealed.

We consider an inertial frame of reference S (0, x, y, z, t)
and a material point particle moving with velocity u as de-
picted in figure 4.

At moment t, when the particle is located at point

P(xp(t), yp(t), zp(t), t),

the rest mass m0 and the electric charge q of the particle
act at point A(x, y, z, t) with the value they had at time ∆t =
∥r∥
c =

r
c , when the material particle was located at E(xp(t− r

c ),
yp(t − r

c ), zp(t − r
c ), t − r

c ). During the time interval ∆t = r
c the

material particle moved from point E to point P, while the
generalized photon moved from point E to point A. We now
denote

w = t − r
c
. (3)

Hence, the coordinates of E are

E(xp(w), yp(w), zp(w), w). (4)

Fig. 4: Material point particle in arbitrary motion. As the
material particle moves from point E(xp(w), yp(w), zp(w), w) to
point P(xp(t), yp(t), zp(t), t), a generalized photon moves from point
E(xp(w), yp(w), zp(w), w) to point A(x, y, z, t).

The vector r =
−−→
EA of figure 4 is given by

r =
−−→
EA =

x − xp(w)
y − yp(w)
z − zp(w)

 . (5)

The velocity of propagation of the selfvariations υ is given by

υ =
c
r

r =
c
r

x − xp(w)
y − yp(w)
z − zp(w)

 . (6)

Here,

r = ∥r∥ =
√(

x − xp(w)
)2
+

(
y − yp(w)

)2
+

(
z − zp(w)

)2
. (7)

The velocity u = u(w) of the material particle at point E,
where it emitted the generalized photon, is

u = u(w) =



dxp(w)
dw

dyp(w)
dw

dzp(w)
dw


. (8)

From equation (7) we have

∂r
∂t
=

1
2r

[
2
(
(x − xp(w))

(
−

dxp(w)
dw

∂w

∂t

))]
+

1
2r

[
2
(
(y − yp(w))

(
−

dyp(w)
dw

∂w

∂t

))]
+

1
2r

[
2
(
(z − zp(w))

(
−

dzp(w)
dw

∂w

∂t

))]
.

Manousos E. Mass and Charge Selfvariation: A Common Underlying Cause for Quantum Phenomena and Cosmological Data 81



Volume 3 PROGRESS IN PHYSICS July, 2013

Taking into account equations (5) and (6) we have

∂r
∂t
= −1

r
(r · u)

∂w

∂t
.

And with equation (3) we get

∂r
∂t
= −1

r
(r · u)

(
1 − ∂r

c∂t

)
.

Taking into consideration that r
r =

υ
c , as deduced by equation

(6) we obtain
∂r
∂t
= −υ · u

c

(
1 − ∂r

c∂t

)
and finally

∂r
∂t
= − υ · u

c
(
1 − υ · u

c2

) (9)

where u = u(w) and υ · u = uxux + uyuy + uzuz.
Similarly, starting from equation (7) and differentiating

with respect to x, y, z we get

∇r =



∂r
∂x
∂r
∂y
∂r
∂z


=

1

1 − υ · u
c2

υ

c
. (10)

From equation (3) we obtain initially

∂w

∂t
=

1

1 − υ · u
c2

. (11)

Similarly, from equation (3) we have

∇w = ∇
(
t − r

c

)
= −1

c
∇r

and, in combination with equation (10), we get

∇w = − 1

c2
(
1 − υ · u

c2

)υ. (12)

From equation (7) and after differentiating with respect to
x, we get

∂r
∂x

=
1
2r

[
2(x − xp(w))

(
1 −
∂xp(w)
∂x

)]
−

− 1
2r

[
2(y − yp(w))

∂yp(w)
∂x

]
−

− 1
2r

[
2(z − zp(w))

∂zp(w)
∂x

]
.

Equivalently,

∂r
∂x

=
1
r

[
(x − xp(w))

(
1 −

dxp(w)
dw

∂w

∂x

)]
−

−1
r

[
(y − yp(w))

(
dyp(w)

dw
∂w

∂x

)]
−

−1
r

[
(z − zp(w))

(
dzp(w)

dw
∂w

∂x

)]
and also,

∂r
∂x
=

x − xp(w)
r

− 1
r
∂w

∂x

[
(x − xp(w))

(
dxp(w)

dw

)]
−

−1
r
∂w

∂x

[
(y − yp(w))

(
dyp(w)

dw

)
+ (z − zp(w))

(
dzp(w)

dw

)]
.

Taking into account equations (8) and (6) we arrive at

∂r
∂x
=
υx

c
− υ · u

c
∂w

∂x

and substituting

∂w

∂x
= − υx

c2
(
1 − υ · u

c2

)2

as inferred from equation (12), we finally obtain

∂r
∂x
= − 1

c
(
1 − υ · u

c2

)υx. (13)

Following the same procedure differentiating with respect
to y and z, we finally have

∇r =
1(

1 − υ · u
c2

) υ
c
. (14)

Differentiating with respect to time t, we obtain from
equation (5)

∂r
∂t
=



−
∂xp(w)
∂t

−
∂yp(w)
∂t

−
∂xp(w)
∂t


=



−
dxp(w)

dw
∂w

∂t

−
dyp(w)

dw
∂w

∂t

−
dxp(w)

dw
∂w

∂t


.

Taking into consideration equation (8) ∂r
∂t = −

∂w
∂t u, and in

combination with equation (11), we finally get

∂r
∂t
= − 1(

1 − υ · u
c2

)u. (15)

From equation (6) we successively obtain

υ =
c
r

r
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∂υ

∂t
= − c

r2

∂r
∂t

r +
c
r
∂r
∂t

∂υ

∂t
= −1

r
∂r
∂t
υ +

c
r
∂r
∂t

(16)

taking into account that υ = c
r r. Substituting into equation

(16) the quantity ∂r
∂t , from equation (9), and ∂r

∂t , from (15), we
finally obtain relation

∂υ

∂t
=

c

r
(
1 − υ · u

c2

) [
(υ · u)

c2 υ − u
]
. (17)

Starting from equation (6) we get

υx =
c
r

(x − xp(w))

and differentiating with respect to x we get

∂υx

∂x
= − c

r2

∂r
∂x

(x − xp(w)) +
c
r

(
1 −
∂xp(w)
∂x

)
∂υx

∂x
= − c

r2

∂r
∂x

(x − xp(w)) +
c
r

(
1 −

dxp(w)
dw

∂w

∂x

)
.

Since dxp(w)
dw = ux, as arises from equation (8), we have

that
∂υx

∂x
= − c

r2

∂r
∂x

(x − xp(w)) +
c
r

(
1 − ux

∂w

∂x

)
and considering that ∂r

∂x = −
1

c
(
1− υ·u

c2

)υx from equation (13), and

that ∂w
∂x =

1
c2

(
1− υ·u

c2

)υx from equation (12), we get

∂υx

∂x
= − υ2

x

cr
(
1 − υ · u

c2

) + c
r

1 + υxux

c2
(
1 − υ · u

c2

)


and finally
∂υx

∂x
=

c
r
+
υx(ux − υx)

cr
(
1 − υ · u

c2

) . (18)

Working similarly, we finally obtain

∂υi

∂x j
=



c
r
+
υi(ui − υi)

cr
(
1 − υ · u

c2

) , for i = j

υ j(ui − υi)

cr
(
1 − υ · u

c2

) , for i , j
(19)

where i, j = 1, 2, 3 and (x1, x2, x3) = (x, y, z).
Equations (19) can be summarized in equation [1–3]

grad υ =
c
r

I +
1

r
(
1 − υ · u

c2

)
c
⊗ (u − υ) (20)

where,

grad υ =



∂υx

∂x
∂υx

∂y

∂υx

∂z
∂υy

∂x
∂υy

∂y

∂υy

∂z
∂υz

∂x
∂υz

∂y

∂υz

∂z


I =

1 0 0
0 1 0
0 0 1


α ⊗ β =

α1β1 α2β1 α3β1
α1β2 α2β2 α3β2
α1β3 α2β3 α3β3

 . (21)

This holds for any two arbitrary vectors

α =

α1
α2
α3

 and β =

β1
β2
β3

 .
We now have ∇υ = ∂υx

∂x +
∂υy
∂y
+
∂υz
∂z , and from equations (19)

we get

∇υ = 3c
r
+
υx(ux − υx) + υy(uy − υy) + υz(uz − υz)

cr
(
1 − υ · u

c2

)

∇υ = 3c
r
+
υxux + υyuy + υzuz −

(
υ2

x + υ
2
y + υ

2
z

)
cr

(
1 − υ · u

c2

)
and since υ2

x + υ
2
y + υ

2
z = c2 and υxux + υyuy + υzuz = υ ·u, we

see that

∇υ = 3c
r
+
υ · u − c2

cr
(
1 − υ · u

c2

) .
Finally, we arrive at relation

∇υ = 2c
r
. (22)

Now, we consider the curl of vector υ

∇ × υ = curl υ =



∂υz

∂x
−
∂υy

∂z
∂υx

∂z
− ∂υz

∂x
∂υy

∂x
− ∂υx

∂y


. (23)

Taking into account equations (19) we obtain

∇ × υ = curl υ =
1

cr
(
1 − υ · u

c2

) (υ × u) (24)
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where,

υ × u =

υyuz − υzuy
υzux − υxuz

υxuy − υyux

 .
We now consider the acceleration vector

α = α(w) =
du(w)

dw
=



dux(w)
dw

duy(w)
dw

duz(w)
dw


(25)

of the material particle at the moment w, located at point E of
figure 4. We have that

∂ux

∂t
=
∂ux(w)
∂t

=
dux(w)

dw
∂w

∂t
= αx

∂w

∂t

and since, from equation (11), it is ∂w
∂t =

1
1− υ·u

c2
, we get ∂ux

∂t =

αx
1− υ·u

c2
. Working similarly for the differentials ∂uy

∂t and ∂uz
∂t , we

get

∂u
∂t
=

1

1 − υ · u
c2

α. (26)

For the differentiation of the velocity u = u(w) with re-
spect to x, y, z we initially get

∂ux

∂x
=
∂ux(w)
∂x

=
dux(w)

dw
∂w

∂x
= αx

∂w

∂x
.

Similarly, from equation (12) we have that ∂w
∂x = −

ux

c2
(
1− υ·u

c2

) ,
hence ∂ux

∂x = −
υxαx

c2
(
1− υ·u

c2

) .
Working similarly we finally obtain

∂ui

∂x j
= −

υ jαi

c2
(
1 − υ · u

c2

) i, j = 1, 2, 3. (27)

Here we use the notation (x1, x2, x3) = (x, y, z) .
From equation (27) we obtain

gradu = − 1

r
(
1 − υ · u

c2

) υ
c
⊗ u. (28)

We now consider the vector

b = b(w) =
dα(w)

dw
. (29)

Working as we did in order to prove equations (17), (26)
and (27), we arrive at relations

∂α

∂t
=

1

1 − υ · u
c2

b (30)

∂αi

∂x j
= −

υ jbi

c2
(
1 − υ · u

c2

) i, j = 1, 2, 3 (31)

where (x1, x2, x3) = (x, y, z), and

grad α = − 1

c
(
1 − υ · u

c2

) υ
c
⊗ b. (32)

The equations of this paragraph express the fact that in
every inertial reference frame the velocity υ of the selfvaria-
tions remains constant as a vector with magnitude ∥υ∥ = c.
It can easily be proven that all the equations are consistent
with the Lorentz-Einstein transformations, as we pass from
one inertial reference frame to another. The equations we
have proven are fundamental for the theory of selfvariations.
As we advance our study, we will find that they allow us to
correlate any physical quantity defined on the material par-
ticle, with any physical quantity defined on the surrounding
spacetime. Using the concept of information, we can cor-
relate any information concerning the material particle with
any information concerning the surrounding spacetime. Part
of this information are the potential fields, while the quantum
phenomena arise spontaneously.

2.3 The trigonometric form of the velocity of
selfvariations

Starting from equation (2) we get
∥∥∥ υc ∥∥∥ = 1 for every iner-

tial reference frame. We express the unit vector υc into the
trigonometric form

υ

c
=



υx

c
υy

c
υz

c


=

 cos δ
sin δ cosω
sin δ sinω

 (33)

where δ = δ(x, y, z, t) and ω = ω(x, y, z, t) are functions of
the coordinates x, y, z, t in an inertial frame of reference
S (0, x, y, z, t).

From equation (33) we see that
υx

c
= cos δ =

υ

c
e1 (34a)

υy

c
= sin δ cosω =

υ

c
e2 (34b)

υz

c
= sin δ sinω =

υ

c
e3 (34c)

where

e1 = x̂ =

 1
0
0

, e2 = ŷ =

 0
1
0

, e3 = ẑ =

 0
0
1

.
We now consider the vectors

β =

 − sin δ
cos δ cosω
cos δ sinω

 (35)
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and

γ =

 0
− sinω

cosω

 . (36)

It is easily proven that the set of vectors { υc ,β,γ} form a
right-handed orthonormal vector basis which is defined at ev-
ery point A of figure 4. Furthermore, the following relations
hold:

∂

∂δ

(υ
c

)
= β

∂

∂ω

(υ
c

)
= sin δγ

∂β

∂δ
= −υ

c
∂β

∂ω
= cos δγ

∂γ

∂δ
= 0

∂γ

∂ω
= − sin δ

υ

c
− cos δβ

(37)

Differentiating the vectors υc ,β,γ with respect to x, y, z, t
we obtain the following equations:

∇ ·
(υ

c

)
= β · ∇δ + sin δγ · ∇ω (38a)

∂

∂t

(υ
c

)
=
∂δ

∂t
β + sin δ

∂ω

∂t
γ (38b)

∇ × υ
c
=∇δ × β + sin δ∇ω ⊗ γ (38c)

grad
υ

c
=∇δ ⊗ β + sin δ∇ω ⊗ γ (38d)

∇ · β = −υ
c
∇δ + cos δγ · ∇ω (39a)

∂β

∂t
= −∂δ
∂t
υ

c
+ cos δ

∂ω

∂t
γ (39b)

∇ × β =υ
c
× ∇δ − cos δγ × ∇ω (39c)

grad β = −∇δ ⊗ υ
c
+ cos δ∇ω ⊗ γ (39d)

∇ · γ = − sin δ
υ

c
∇ω − cos δβ · ∇ω (40a)

∂γ

∂t
= − sin δ

∂ω

∂t
υ

c
− cos δ

∂ω

∂t
β (40b)

∇ × γ = sin δ
υ

c
× ∇ω + cos δβ × ∇ω (40c)

grad γ = − sin δ∇ω ⊗ υ
c
− cos δ∇ω ⊗ β. (40d)

We prove indicatively equation (38)(a). The rest of the
equations are proven along similar lines. Taking into account
equation (33) we get

∇ ·
(υ

c

)
=
∂

∂x
(cos δ)+

∂

∂y
(sin δ cosω)+

∂

∂z
(sin δ sinω)=

− sin δ
∂δ

∂x
+ cos δ

∂δ

∂y
cosω + cos δ

∂δ

∂z
sinω

+ 0 − sin δ sinω
∂ω

∂y
+ sin δ cosω

∂ω

∂z

and considering equations (35) and (36), as well as relations

∇δ =



∂δ

∂x
∂δ

∂y
∂δ

∂z


, ∇ω =



∂ω

∂x
∂ω

∂y
∂ω

∂z


we finally obtain

∇ ·
(υ

c

)
= β · ∇δ + sin δγ · ω.

We now expand the vector of velocity u = u (w) with
respect to the vector basis { υc ,β,γ} as

u = u (w) = u1
υ

c
+ u2β+u3γ =

(
u · υ

c

) υ
c
+ (u · β)β+ (u · γ)γ

and combining with equations (17) we get

∂

∂t

(υ
c

)
=

1

r
(
1−υ·u

c2

) [
(υ·u)

c
υ

c
−

(
u
υ

c

) υ
c
− (u·β)β− (u·γ)γ

]
∂

∂t

(υ
c

)
=

1

r
(
1−υ · u

c2

) [
(u · β)β+ (u · γ)γ

]
.

Considering equations (38)(b) we get

∂δ

∂t
β + sin δ

∂ω

∂t
γ = − 1

r
(
1 − υ · u

c2

) [
(u · β)β+ (u · γ)γ

]
and finally

∂δ

∂t
= − u · β

r
(
1 − υ · u

c2

) (41)

sin δ
∂ω

∂t
= − u · γ

r
(
1 − υ · u

c2

) (42)

because of the linear independence of the vectors β and γ.
We now write vectors ∇δ and ∇ω as a linear combination

of vectors υc ,β,γ.

∇δ = λ1
υ

c
+ Kβ + Lγ (43)
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∇ω = λ2
υ

c
+ Mβ + Nγ. (44)

We combine equations (17) and (20), and get relation

∂

∂t

(υ
c

)
+

(
grad

υ

c

)
υ =

1

r
(
1 − υ · u

c2

) [(υ · u
c2

)
υ − u

]
+

+

1
r

I +
1

cr
(
1 − υ · u

c2

) υ
c
⊗ (u − υ)

υ =
1

r
(
1 − υ · u

c2

) [(υ · u
c2

)
υ − u

]
+

+
1
r
υ +

1

cr
(
1 − υ · u

c2

) (υ
c
⊗ (u − υ)

)
υ.

Using the identity

(α ⊗ β) c = (α · c)β (45)

which holds for every set of vectors α,β, c, we see that

∂

∂t

(υ
c

)
+

(
grad

υ

c

)
υ =

1

r
(
1 − υ · u

c2

) [(υ · u
c2

)
υ − u

]
+

1
r
υ+

1

r
(
1 − υ · u

c2

) (υ − u) =

1

r
(
1 − υ · u

c2

) (υ · u
c2

)
υ+

1
r
υ − 1

r
(
1 − υ · u

c2

)υ =
1

r
(
1 − υ · u

c2

) [(υ · u
c2

)
+

(
1 − υ · u

c2

)
− 1

]
υ = 0.

That is,
∂

∂t

(υ
c

)
+

(
grad

υ

c

)
υ = 0. (46)

Into equation (45) we replace ∂
∂t

(
υ
c

)
from equation (38)(b),

and grad υc from equation (38)(d), and obtain

∂δ

∂t
β + sin δ

∂ω

∂t
γ + (∇δ ⊗ β + sin δ∇ω ⊗ γ) υ = 0.

Using the identity (45) we get

∂δ

∂t
β + sin δ

∂ω

∂t
γ + (u · ∇δ)β + sin δ (υ · ∇ω)γ = 0

and due to the linear independence of the vectors β and γ we
see that

∂δ

∂t
+ υ · ∇δ = 0 (47)

∂ω

∂t
+ υ · ∇ω = 0. (48)

Combining equations (47) and (43) we obtain

∂δ

∂t
+ λ1 = 0

λ1 = −
∂δ

∂t
.

Through equation (41) we have that

λ1 =
u · β

r
(
1 − υ · u

c2

)
and replacing into equation (43) we get

∇δ = u · β

r
(
1 − υ · u

c2

) υ
c2 + Kβ + Lγ. (49)

Performing the corresponding combinations, we arrive at
equation

∇ω = u · γ

sin δr
(
1 − υ · u

c2

) υ
c
+ Mβ + Nγ. (50)

We shall now prove that K = 1
r , L = 0, M = 0, N = 1

r sin δ ,
hence equations (49) and (50) obtain their final form

∇δ = u · β

r
(
1 − υ · u

c2

) υ
c2 +

1
r
β (51)

∇ω = u · γ

sin δr
(
1 − υ · u

c2

) υ
c2 +

1
r sin δ

γ. (52)

We will prove that K = 1
r , L = 0. In a similar manner we

can also calculate the factors M,N. From equation (34)(a) we
successively obtain

cos δ =
υx

c
− sin δ∇δ = ∇

(
υx

c

)
.

We calculate ∇
(
υx
c

)
from equations (19), hence we have

− sin δ∇δ = 1
r

e1 −
υx − ux

r
(
1 − υ · u

c2

) υ
c

(53)

where e1 =

 1
0
0

.
We take the inner product of equation (53) with vector β

and obtain

− sin δβ · ∇δ = 1
r

e1 · β.
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From equation (49) we have β · ∇δ = K, hence we have

− sin δK =
1
r

e1 · β.

From equation (35) we obtain

e1 · β = − sin δ.

Therefore,

− sin δK =
1
r

(− sin δ) .

Finally, we obtain

K =
1
r
.

We take the inner product of equation (53) with vector γ
and obtain

− sin δγ · ∇δ = 1
r

e1 · γ.

From equation (49) it holds that γ · ∇δ = L, hence

− sin δL =
1
r

e1 · γ.

From equation (36) we see that e1 · γ = 0, therefore
− sin δL = 0, and finally L = 0.

The equations of this paragraph promote the theory of
selfvariations considerably, and their fundamental character
will become obvious as our study continues. One first fun-
damental conclusion emerges from equations (47) and (48).
The functions δ = δ (x, y, z, t) and ω = ω (x, y, z, t) remain in-
variable on the trajectory of the generalized photon. Through
equations (33), (35) and (36) we conclude that the vector ba-
sis { υc ,β,γ} accompanies without change, that is remaining
constant, the motion of the generalized photon. We can, of
course, straightforwardly prove that

∂

∂t

(υ
c

)
+

(
grad

υ

c

)
υ = 0

∂β

∂t
+

(
grad β

)
υ = 0

∂γ

∂t
+

(
grad γ

)
υ = 0

(54)

by combining equations (38), (39) and (40) with equations
(51) and (52).

2.4 The generalized photon as a geometric object.
Representation of the trajectory of a material point
particle

In the present paragraph we shall look for points Ai in the
neighborhood of point A (x, y, z, t) of figure 4, for which the
velocity of the generalized photon is the same with the ve-
locity at point A (x, y, z, t) at the same moment t. We use the
notation −−→

AAi = dR (55)

and we search for points Ai, i.e. vector dR, such that

υ (R+dR, t) = υ (R, t) . (56)

According to equations (33), equation (56) is equivalent
to the relations

δ (R+dR, t) = δ (R, t) (57)

and
ω (R+dR, t) = ω (R, t) . (58)

After expanding the functions δ (R, t) and ω (R, t) in Tay-
lor series up to the first order terms, we obtain

δ (R+dR, t) = δ (R, t) + dR · ∇δ
ω (R+dR, t) = ω (R, t) + dR · ∇ω.

Through equations (57) and (58) we have that

dR · ∇δ = 0 (59)

dR · ∇ω = 0. (60)

Combining equations (51) and (52) we obtain

t=∇δ × sin δ∇ω =
u · β

r2
(
1 − υ · u

c2

) υ
c
× γ + u · γ

r2
(
1 − υ · u

c2

)β × υ
c
+

1
r2β × γ =

− u · β

r2
(
1 − υ · u

c2

)β− u · γ

r2
(
1 − υ · u

c2

)γ + 1
r2

υ

c

taking into account that the set of the vectors { υc ,β,γ} form a
right-handed orthonormal vector basis. We now have

t =
1

r2
(
1 − υ · u

c2

) [(
1 − υ · u

c2

) υ
c
−

(u
c
· β

)
β −

(u
c
· γ

)
γ
]

t =
1

r2
(
1 − υ · u

c2

) [υ
c
−

(υ · u
c2

) υ
c
−

(u
c
· β

)
β −

(u
c
· γ

)
γ
]

and from equation (41) we get

t =
1

r2
(
1 − υ · u

c

) (υ
c
− u

c

)
, 0. (61)

According to equations (59) and (60) the vector dR is par-
allel to the vector t , 0, hence we finally arrive at relation

dR ∥
(υ

c
− u

c

)
(62)

Thus, we conclude that points A and Ai, at which the gen-
eralized photon moves with the same velocity υ, are arranged
parallel to the vector υc −

u
c . This conclusion is the result of

a more general theorem, which we present in the paragraph
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Fig. 5: A material point particle moves from point E to point P on
the curved trajectory Cp in the time interval from w = t − r

c to t. The
generalized photons emitted by the material particle with the same
velocity υ, in the time interval ∆t = t − w = r

c , are on curve C at
moment t.

8. For the case of a material point particle the theorem gives
relation (62).

In figure 4 and for the time interval from t− r
c to t, i.e. for

t− r
c ≤ w ≤ t, the generalized photons emitted by the material

point particle reside within a sphere with center

E
(
xp

(
t − r

c

)
, yp

(
t − r

c

)
, zp

(
t − r

c

)
, t − r

c

)
and radius r = ∥r∥. During the same time interval the material
particle moved from point E to point P

(
xp(t), yp(t), zp(t), t

)
.

We now consider a point Ei in the neighborhood of point
E and on the trajectory Cp of the material particle as it moves
from point E to point P, from which point Ei was emitted the
generalized photon which at moment t is located at point Ai,
as depicted in figure 5.

Point Ei has coordinates

Ei

(
xp

(
t − r′

c

)
, yp

(
t − r′

c

)
, zp

(
t − r′

c

)
, t − r′

c

)
,

where υ = c
r r = c

r′ r
′.

The points E, P, A appear in figure 4 as well as in figure 5,
while the points Ei and Ai are shown in figure 5.

For the vector
−−→
AAi = dr we have, according to figure 5

dr = −r +
−−→
EEi + r′

dr = −r + u
(

r
c
− r′

c

)
+ r′

dr = −υ
c

(
r − r′

)
+u

(
r
c
− r′

c

)

dr = − (
r − r′

) (υ
c
− u

c

)
. (63)

For the time interval dw, during which the material parti-
cle moved from point E to point Ei, it is

dw =
(
t − r′

c

)
−

(
t − r

c

)
=

r
c
− r′

c
,

therefore from equation (63) we obtain

−−→
AAi = dr = −c dw

(υ
c
− u

c

)
. (64)

In figure 5 we consider curve C which includes all the
generalized photons emitted by the material particle during
the time interval from w = t − r

c to t towards a particular
direction υc , that is, with the same velocity υ.

We now consider the tangent vector t [4] of the curve C at
point A

t =
dr
∥dr∥ =

u
c
− υ

c∥∥∥∥∥u
c
− υ

c

∥∥∥∥∥ =
u − υ
∥u − υ∥ (65)

as follows from equation (64). For the three-dimensional arc
length dS of curve C at point A we obtain from equation (64)

dS = ∥dr∥ = dw ∥u − υ∥ . (66)

Now, we calculate the curvature k and the torsion τ of
curve C at point A. First, we calculate the curvature vector k

k =
d t
ds
=

d t
dw ∥u − υ∥ =

1
∥u − υ∥

d
dw

(
u − υ
∥u − υ∥

)
. (67)

Taking into account that dυ
dw = 0, du

dw = α and ∥u − υ∥ =√
c2 + u2 − 2 (υ · u), we calculate the vector

n =
k
∥k∥ =

(u − υ) × [α × (u − υ)]
∥u − υ∥ ∥(u − υ) × α∥ . (68)

Combining equations (65) and (68), we calculate vector
b = t × n appearing in the Frenet formulas:

b =
(u − υ) × α
∥(u − υ) × α∥ . (69)
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We remind that the Frenet equations

d t
ds
= kn

dn
ds
= −k t+τb

db
ds
= −τn

(70)

uniquely determine the curve C. Having calculated vectors
t, n, b we now determine the curvature k and the torsion τ
of curve C from equations (70). After the necessary calcula-
tions, we obtain

k =

√
∥u − υ∥2 ∥α∥2 − [α · (u − υ)]2

∥u − υ∥3
(71)

τ =

α

[
(u − υ) × dα

dw

]
∥α∥2 ∥u − υ∥2 − [(u − υ) · α]2 ∥u − υ∥

2 . (72)

We repeat the same procedure deriving vectors t p, kp and
bp at point E of the curve Cp of the material particle. For
∥u∥ , 0 it is

t p =
u
∥u∥ (73)

while the three-dimensional arc length is

dS p = ∥u∥ dw. (74)

The curvature vector kp is given by

kp =
d t p

dS p
=

1
∥u∥

d
dw

(
u
∥u∥

)
=
α

∥u∥2
− (u · α)

∥u∥4
u

and finally,

kp =
u × (α × u)

∥u∥4
. (75)

From equation (75) we get for vector np

np =
kp∥∥∥kp

∥∥∥ = u × (α × u)
∥u∥ ∥α × u∥ . (76)

From equations (73) and (76) we get vector

bp = t p × np

bp =
u × α
∥u × α∥ . (77)

From the Frenet formulas (70) for curve Cp, we get for
the curvature kp and the torsion τp:

kp =

√
∥u∥2 ∥α∥2 − (u · α)2

∥u∥3
(78)

τp =

α ·
(
u × dα

dw

)
∥α∥2 ∥u∥2 − (u · α)2 ∥u∥

2 . (79)

Comparing equations (65), (68), (69), (71) and (72) for
curve C, with equations (73), (76), (77), (78) and (79) for
curve Cp we arrive at the following theorem:

Theorem 1. Trajectory representation theorem.
For every direction υc the following hold:

1. The map f : u → u − υ maps the trajectory Cp of
the material particle to the curve C of the generalized
photons moving with velocity υ

f :
(
t p, np, bp, kp, τp

)
→ (t, n, b, k, τ) .

2. The map f −1 : u − υ → u maps the curve C of the
generalized photons moving with velocity υ to the curve
Cp of the material particle:

f −1 : (t, n, b, k, τ)→
(
t p, np, bp, kp, τp

)
.

According to the theorem (1), if we know the position
P (x, y, z, t) of the material particle at moment t and the trajec-
tory Cp at some past time, we can determine the distribution
of the generalized photons the material particle has emitted in
this specific past time. We know exactly how each kinematic
characteristic of the material particle maps to its surrounding
spacetime.

2.5 The fundamental mathematical theorem

The interaction of the material point particle with the sur-
rounding spacetime depends on the following four parame-
ters:

• The moment w = t − r
c of emission of the general-

ized photon by the material particle. All the physical
quantities, such as the rest mass, the electric charge,
the velocity u = u (w) and the acceleration α = α (w)
of the material particle depend upon the moment w of
the emission of the generalized photon.
• The distance r = ∥r∥ of the arbitrary point A (x, y, z, t),

as depicted in figure 4, from the point of emission

E
(
xp (w) , yp (w) , zp (w) , w

)
of the generalized photon.
• The direction in space, i.e. the functions δ = δ (x, y, z, t)

and ω = ω (x, y, z, t) .

In this paragraph we will prove the fundamental equations
concerning these four parameters.

Initially we prove that the vectors ∇w, ∇δ and ∇ω are
linearly independent. Let us suppose that

λ1∇w + λ2∇δ + λ3∇ω = 0, λ1, λ2, λ2 ∈ R.
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Taking into account equations (12), (51) and (52), we ob-
tain

− λ1
1

c
(
1 − υ · u

c2

) υ
c
+ λ2

 u · β

r
(
1 − υ · u

c2

) υ
c
+

1
r
β

+
+ λ3

 u · γ

sin δr
(
1 − υ · u

c2

) υ
c
+

1
r sin δ

γ

 = 0.

From the linear independence of the vectors υc ,β,γ we
see that

−λ1

c
+ λ2

u · β
r
+ λ3

u · γ
r sin δ

= 0

λ2

r
= 0

λ3

r sin δ
= 0.

Finally, we have λ1 = λ2 = λ3 = 0. Therefore the vectors
∇w,∇δ,∇ω are linearly independent.

We now focus our attention on the variation of the quanti-
ties w, δ, ω and r on the trajectory of the material particle and
on the trajectory of the generalized photon. The following
two theorems hold:

Theorem 2.

∂w

∂t
+ u · ∇w = 1 (80a)

∂δ

∂t
+ u · ∇δ = 0 (80b)

∂ω

∂t
+ u · ∇ω = 0 (80c)

∂r
∂t
+ u∇r = 0. (80d)

Theorem 3.

∂w

∂t
+ υ · ∇w = 0 (81a)

∂δ

∂t
+ υ · ∇δ = 0 (81b)

∂ω

∂t
+ υ · ∇ω = 0 (81c)

∂r
c∂t
+
υ

c
· ∇r = 1. (81d)

From equations (11) and (12) we have

∂w

∂t
+ u · ∇w = 1

1 − υ · u
c2

− υ · u

c2
(
1 − υ · u

c2

) = 1−υ · u
c2

1−υ · u
c2

= 1

∂w

∂t
+ υ · ∇w = 1

1 − υ · u
c2

− ∥υ∥2

c2
(
1 − υ · u

c2

) = 0.

From equations (41) and (51) we have

∂δ

∂t
+ u∇δ = − u · β

r
(
1 − υ · u

c2

) + u

 (u · β)

r
(
1 − υ · u

c2

) υ
c2 +

1
r
β


= − u · β

r
(
1 − υ · u

c2

) + (u · β)
(
u
υ

c2

)
r
(
1 − υ · u

c2

) + u · β
r
=

=
u · β

r
(
1 − υ · u

c2

) [
−1 +

υ · u
c2 + 1 − υ · u

c2

]
= 0.

∂δ

∂t
+ υ · ∇δ = − u · β

r
(
1 − υ · u

c2

) + υ
 (u · β)

r
(
1 − υ · u

c2

) υ
c2 +

1
r
β


= − u · β

r
(
1 − υ · u

c2

) + (u · β)

r
(
1 − υ · u

c2

) ∥υ∥2
c2 +

υ · β
r
= 0

since ∥υ∥2 = c2 and υ · β = 0.
Similarly, starting from equations (42) and (52) we arrive

at equations (80)(c) and (81)(c).
From equations (9) and (10) we get

∂r
c∂t
+

u
c
∇r = − υ · u

c2
(
1 − υ · u

c2

) + u
c

 1

1 − υ · u
c2

υ

c

 = 0

∂r
c∂t
+
υ

c
∇r = − υ · u

c2
(
1 − υ · u

c2

) + υ
c

 1

1 − υ · u
c2

υ

c

 =
= − υ · u

c2
(
1 − υ · u

c2

) + 1

1 − υ · u
c2

=

1

1 − υ · u
c2

(
1 − υ · u

c2

)
= 1.

With the aid of the above theorems we can prove the fol-
lowing fundamental theorem:

Theorem 4. The Fundamental Mathematical Theorem. For
every function f = f (w, δ, ω, r) the following hold:

A)

∂ f
∂t
+ u · ∇ f =

∂ f
∂w

(82)

∂

∂t

(
f
υ

c

)
+

(
grad

(
f
υ

c

))
u =
υ

c
∂ f
∂w

(83)

∂

∂t
( fβ) +

(
grad (fβ)

)
u = β

∂ f
∂w

(84)
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∂

∂t
( fγ) +

(
grad (fγ)

)
u = γ

∂ f
∂w
. (85)

B)

∂ f
∂t
+ υ · ∇ f = c

∂ f
∂r

(86)

∂

∂t

(
f
υ

c

)
+

(
grad

(
f
υ

c

))
υ = υ

∂ f
∂r

(87)

∂

∂t
( fβ) +

(
grad (fβ)

)
υ = β

∂ f
∂r

(88)

∂

∂t
( fγ) +

(
grad (fγ)

)
υ = γ

∂ f
∂r
. (89)

We prove equations (82), (83) and (86). The rest of the
equations of the fundamental mathematical theorem are
proven similarly. For the proof of equation (82) we have

∂ f
∂t
+ u · ∇ f =

∂ f
∂w

∂w

∂t
+
∂ f
∂δ

∂δ

∂t
+
∂ f
∂ω

∂ω

∂t
+
∂ f
∂r
∂r
∂t

+u ·
(
∂ f
∂w
∇w + ∂ f

∂δ
∇δ + ∂ f

∂ω
∇ω + ∂ f

∂r
∇r

)
=
∂ f
∂w

(
∂w

∂t
+ u∇w

)
+
∂ f
∂δ

(
∂δ

∂t
+ u · ∇δ

)
+
∂ f
∂ω

(
∂ω

∂t
+ u · ∇ω

)
+
∂ f
∂r

(
∂r
∂t
+ u · ∇r

)
and taking into account equations (80) we obtain

∂ f
∂t
+ u · ∇ f =

∂ f
∂w
,

which is equation (82).
In order to prove equation (83) we use the identity

grad (fα) = ∇f ⊗ α + f grad α (90)

which holds for every vector α and scalar function f . We can
now prove equation (83) as:

∂

∂t

(
f
υ

c

)
+

(
grad

(
f
υ

c

))
u =

∂ f
∂t
υ

c
+ f
∂

∂t

(υ
c

)
+

(
f grad

υ

c
+ ∇f ⊗ υ

c

)
u.

Using identity (45) (α ⊗ b) c = (α · c) b we obtain

∂ f
∂t
υ

c
+ f
∂

∂t

(υ
c

)
+

(
f grad

υ

c

)
u+ (u · ∇ f )

υ

c
=(

∂ f
∂t
+ u · ∇ f

)
υ

c
+ f

(
∂

∂t

(υ
c

)
+

(
grad
υ

c

)
u
)
=

∂ f
∂w

υ

c

since ∂ f
∂t + u · ∇ f = ∂ f

∂w
, according to equation (82) and fur-

thermore

∂

∂t

(υ
c

)
+

(
grad
υ

c

)
u =

∂δ

∂t
β+ sin δ

∂ω

∂t
γ + (∇δ ⊗ β + sin δ∇ω ⊗ γ) u

according to equations (38)(b),(d). Hence we obtain

∂

∂t

(υ
c

)
+

(
grad
υ

c

)
u =

∂δ

∂t
β+ sin δ

∂ω

∂t
γ + (u · ∇δ) β + sin δ (u · ∇ω)γ =(

∂δ

∂t
+ u · ∇δ

)
β + sin δ

(
∂ω

∂t
+ u · ∇ω

)
γ = 0

according to equations (80)(b),(c).
The proof of equation (86) goes as follows:

∂ f
∂t
+ υ · ∇ f =

∂ f
∂w

∂w

∂t
+
∂ f
∂δ

∂δ

∂t
+
∂ f
∂ω

∂ω

∂t
+
∂ f
∂r
∂r
∂t

+υ ·
(
∂ f
∂w
∇w + ∂ f

∂δ
∇δ + ∂ f

∂ω
∇ω + ∂ f

∂r
∇r

)
=
∂ f
∂w

(
∂w

∂t
+ υ · ∇w

)
+
∂ f
∂δ

(
∂δ

∂t
+ υ · ∇δ

)
+
∂ f
∂ω

(
∂ω

∂t
+ υ · ∇ω

)
+
∂ f
∂r

(
∂r
∂t
+ υ · ∇r

)
.

Taking into consideration equations (81) we get

∂ f
∂t
+ υ · ∇ f = c

∂ f
∂r
,

which is equation (86).
An immediate consequence of the theorem (4) is the fol-

lowing lemma:
For every vector function F = F (w, δ, ω, r) the following

relations hold:

∂F
∂t
+

(
grad F

) · u = ∂F
∂w

(91)

∂F
∂t
+

(
grad F

)
υ = c

∂F
∂r
. (92)

The proof is done by writing the vector function F in the
form

F = F1 (w, δ, ω, r)
υ

c
+ F2 (w, δ, ω, r)β + F3 (w, δ, ω, r)γ

and applying the theorem.
The fundamental mathematical theorem determines the

variation of any scalar, vectorial and tensorial physical quan-
tity, both as defined on the material particle, as well as on the
surrounding spacetime. Of special interest are the applica-
tions of this theorem for the variations of the rest mass, the
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electric charge, the energy, the linear momentum, the angular
momentum, and any other conserved physical quantity, for
the system “material particle-generalized photon”. The fun-
damental theorem allows us to correlate the variations that
take place on the material particle with the corresponding
variations that take place in the surrounding spacetime.

2.6 The properties of the vector basis υc ,β,γ

The properties of the right-handed orthonormal vector basis
{ υc , β, γ} are given by equations (38), (39) and (40). In these
equations we already know their second parts from the study
conducted in the preceding paragraphs. Thus, we can express
them in a simpler form.

The first of equations (38), (39) and (40) can be written
as:

∇ ·
(
υ

c

)
=

2
r

(93)

∇ · β = − u · β

cr
(
1 − υ · u

c2

) + cos δ
r sin δ

(94)

∇ · γ = − u · γ

cr
(
1 − υ · u

c2

) . (95)

Equation (93) results directly from equation (22). But we
can also prove it in a different way, starting from the first of
equations (38)

∇ ·
(
υ

c

)
= β · ∇δ + sin δγ · ∇ω.

With the help of equations (51) and (52) we obtain

∇ ·
(
υ

c

)
=

1
r
+

1
r
=

2
r

taking into account that the set of the vectors { υc , β, γ} form a
right-handed, orthonormal vector basis.

From the first of equations (39) we obtain

∇ · β = −υ
c
∇δ + cos δγ · ∇ω.

Through equations (51) and (52) we get

∇ · β = − u · β

cr
(
1 − υ · u

c2

) + cos δ
r sin δ

.

From the first of equations (40) we have that

∇ · γ = − sin δ
υ

c
∇ω − cos δβ · ∇ω.

Using equation (52) we see that

∇ · γ = − u · γ

cr
(
1 − υ · u

c2

) .
Accordingly we can write in a simpler form the rest of the

equations (38), (39) and (40), whenever it is demanded by the
mathematical calculations performed.

2.7 List of auxiliary equations

We prove the following auxiliary equations:

∂ (υ · u)
∂t

=
υ · α

1 − υ · u
c2

+
(υ · u)2 − c2u2

c3r
(
1 − υ · u

c2

) (96)

∇ (υ · u) = − υ · α

c2
(
1 − υ · u

c2

)υ + c
r

u +
u2 − (υ · u)

cr
(
1 − υ · u

c2

) υ
c

(97)

∂ (υ · α)
∂t

=
υ · b

1 − υ · u
c2

+
(υ · u) (υ · α) − c2 (υ · α)

cr
(
1 − υ · u

c2

) (98)

∇ (υ · α) = − υ · b

c2
(
1 − υ · u

c2

)υ + c
r
α +

u · α − υ · α

cr
(
1 − υ · u

c2

)υ (99)

where α = α (w) = du(w)
dw and b = b (w) = dα(w)

dw and u2 = ∥u∥2.
Indeed, it holds that

∂ (υ · u)
∂t

= u
∂υ

∂t
+ υ
∂u
∂t

∂ (υ · u)
∂t

= u
∂υ

∂t
+ υ
∂u
∂w
· ∂w
∂t
.

Through equations (25) and (11) we obtain

∂ (υ · u)
∂t

= u
∂υ

∂t
+
υ · α

1 − υ · u
c2

.

With the help of equation (17) we get

∂ (υ · u)
∂t

=
c

r
(
1 − υ · u

c2

) [
(υ · u)2

c2 − u2
]
+
υ · α

1 − υ · u
c2

and performing the necessary algebraic transformations we
obtain equation (96).

In order to prove equation (97) we start from the identity

∇ (υ · u) =
(
gradTυ

)
u +

(
gradTu

)
υ

where gradTυ and gradTu are the transpose matrices of grad υ
and grad u.

From equations (20) and (28) we obtain

∇ (υ · u) =

c
r

I +
1

r
(
1 − υ · u

c2

) υ
c
⊗ (u − υ)


T

u−

− 1

c
(
1 − υ · u

c2

) (υ
c
⊗ α

)T
υ
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∇ (υ · u) =

c
r

I +
1

r
(
1 − υ · u

c2

) (u − υ) ⊗ υ
c


T

u−

− 1

c
(
1 − υ · u

c2

) (
α ⊗ υ

c

)
υ.

Using identity (45) we get

∇ (υ · u) =
c
r

u +
u · (u − υ)

r
(
1 − υ · u

c2

) · υ
c
− υ · α

c
(
1 − υ · u

c2

) υ
c

which is equation (97). We can similarly prove equations (98)
and (99). In order to prove the last equation we use equation
(32), in exactly the same manner we used equation (28). In
the same way, we can prove corresponding equations for all
of the inner products such as υ · b, u ·α etc., that appear in the
equations of the theory of selfvariations.

3 The study of the selfvariations for a material point
particle moving with constant speed

3.1 Introduction

In this paragraph we present the study of the selfvariations for
a material point particle moving with constant speed. This
study was regarded as necessary for two reasons. The first
is that constant-speed motion is the simplest possible and,
therefore, we are studying the consequences of the selfvari-
ations in their simplest version. The second reason is that ar-
bitrary motion can be considered as a multitude of successive
constant-speed motions.

By studying the constant-speed motion of a material par-
ticle we can derive the Lorentz-Einstein transformations for
the physical quantities w, δ, ω, r that appear in the equations
of the theory of selfvariations. Of special interest is the trans-
formation of the volume of the generalized photon, which dif-
fers from the volume transformation of material particles as
we know it within the framework of Special Relativity. Af-
ter having studied both the arbitrary motion, as well as the
constant-speed motion of the material particle, we have the
knowledge necessary for advancing our study in the forth-
coming paragraphs.

3.2 The case of a material point particle moving with
constant speed

We consider a material point particle with rest mass m0 and

electric charge q, which moves with velocity u =

 u
0
0

 in

the inertial frame of reference S (0, x, y, z, t), as depicted in
figure 6.

At moment t when the material particle is at point P(ut, 0,
0, t), the rest mass m0 and the electric charge q of the mate-
rial particle act at point A (x, y, z, t) through the generalized

Fig. 6: Material point particle moving with constant speed along the
x axis of the inertial reference frame S (0, x, y, z, t). As the material
particle moves from point E to point P, during the time interval ∆t =
r
c , a generalized photon moves from point E to point A.

photon that was emitted from point E and arrived at point A
moving with velocity c. Therefore, the coordinates of point E
are

E
(
ut − u

c
r, 0, 0, t − r

c

)
(100)

where r = ∥r∥ =
∥∥∥∥−−→EA

∥∥∥∥. Due to the selfvariations, the rest
mass m0 and the electric charge q of the material particle act
at point A (x, y, z, t) with the value they had at time

w = t − r
c

(101)

at point E
(
ut − u

c r, 0, 0, t − r
c

)
, and not with the value they

have at point P (ut, 0, 0, t) at time t. For the vector r we have

r =
−−→
EA =

 x − ut + u
c r

y
z

 . (102)

The magnitude of ∥r∥ = r can be derived from equations
(102) as

∥r∥ = r = γ2 u
c

(x − ut) + γ
√
γ2 (x − ut)2 + y2 + z2 (103)

where γ = 1√
1− u2

c2

.

Combining equations (102) and (103) we obtain

r =


γ2 (x − ut) + u

cγ

√
γ2 (x − ut)2 + y2 + z2

y
z

 . (104)

The velocity υ of the selfvariations has magnitude ∥υ∥ = c,
and is parallel to the vector r, thus we have

υ =
c
r

r =
c
r


γ2 (x−ut)+ u

cγ

√
γ2 (x−ut)2 +y2+z2

y
z

 . (105)
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The position vector R of point A (x, y, z, t) with respect to
point P (ut, 0, 0, t), where the material particle is located, is

R =
−−→
PA =

 x − ut
y
z

 . (106)

From equation (106) we obtain

∥R∥ = R =
√

(x − ut)2 + y2 + z2. (107)

From figure 6 we see that

r =
−−→
EA + R

r =
r
c

u + R.

Finally, we obtain

υ = u +
c
r

R (108)

R = r
(υ

c
− u

c

)
. (109)

Combining equations (100) and (101) we have for the co-
ordinates of point E

E (uw, 0, 0, w) . (110)

The relations between the scalar, vectorial and tensorial
quantities of this paragraph can be derived by the correspond-
ing relations proven in the second paragraph, considering that
the acceleration of the material body vanishes, that is α =
α (w) = 0, and that the velocity of the material particle is

u = u (w) =

 u (w)
0
0

 =
 u

0
0

.
3.3 The case of a material point particle at rest

We consider an inertial reference frame S ′ (0′, x′, y′, z′, t′)

moving with velocity u =

 u
0
0

 with respect to the inertial

reference frame S (0, x, y, z, t) of the previous paragraph. We
also suppose that for t = t′ = 0 the origins of the axes of coor-
dinates 0 and 0′ of these two frames coincide. In the way we
have chosen these two inertial frames, the material particle
is at rest in frame S ′ or, equivalently, frame S ′ accompanies
the material particle during its motion. Figure 7 is the one
corresponding to figure 6 for reference frame S ′.

At moment t′, when the material particle is located at
point P (0, 0, 0, t′), the mass mo and the electric charge q of the
material particle act at point A (x′, y′, z′, t′) through the gen-
eralized photon that was emitted from point E

(
0, 0, 0, t′ − r′

c

)

Fig. 7: A material point particle remains at rest at the origin
O′ (0, 0, 0, 0, t′) of the inertial reference frame S (0′, x′, y′, z′, t′). A
generalized photon moves from point E

(
0, 0, 0, 0, t′ − r′

c

)
and arrives

at point A (x′, y′, z′, t′), during the time interval ∆t′ = r′
c .

and arrived at point A (x′, y′, z′, t′) moving with velocity c.
Therefore, the coordinates of point E are

E
(
0, 0, 0, t′ − r′

c

)
(111)

where r′ = ∥r′∥ =
∥∥∥∥−−→EA

∥∥∥∥. Due to the selfvariations, the rest
mass mo and the electric charge q of the material particle act
at point A (x′, y′, z′, t′) with the value they had at time

w′ = t′ − r′

c
(112)

and not with the value they have at P (0, 0, 0, t′).
For the vector r′ it holds that

r′ =
−−→
EA =

 x′

y′

z′

 (113)

while its magnitude ∥r′∥ = r′ is given by∥∥∥r′
∥∥∥ = r′ =

√
x′2 + y′2 + z′2. (114)

The velocity of the selfvariations υ′ has magnitude ∥υ′∥ =
c, and is parallel to the vector r′, therefore it is

υ′ =
c
r′

r′=
c
r′

 x′

y′

z′

 . (115)

The position vector R′ of point A (x′, y′, z′, t′) with respect
to P (0, 0, 0, t′), where the material particle is located, is given
by

R′=
−−→
PA=

 x′

y′

z′

 = r′. (116)
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From equation (116) we get∥∥∥R′
∥∥∥ = R′ =

∥∥∥r′
∥∥∥ = r′ =

√
x′2 + y′2 + z′2. (117)

Combining equations (111) and (112) we obtain for the
coordinates of point E

E
(
0, 0, 0, w′

)
. (118)

The relations between the scalar, vectorial and tensorial
quantities of this paragraph can be derived from the corre-
sponding relations we proved in the second paragraph, con-
sidering that the acceleration and the velocity of the material
particle vanish, that is α = α (w) = 0 and u = u (w) = 0.

3.4 Lorentz-Einstein transformations of the quantities
w, δ, ω, r

In this paragraph we shall study the way in which the fun-
damental physical quantities appearing in the equations of
the theory of selfvariations transform under the action of the
Lorentz-Einstein transformations [5–11].

In the way we have chosen the inertial reference frames
S and S ′, the transformations of the coordinates in the four-
dimensional spacetime are given by the set of equations

x = γ (x′ + ut′)
y = y′

z = z′

t = γ
(
t′ +

u
c2 x′

)
x′ = γ (x − ut)
y′ = y
z′ = z

t′ = γ
(
t − u

c2 x
)

(119)

where γ = 1√
1− u2

c2

.

The coordinates of point E are given by relation (110),
and are E (uw, 0, 0, w) for inertial frame S , and by relation
(118), and are E (0, 0, 0, w′) for inertial frame S ′. Applying
transformations (119) we obtain

w = γw′. (120)

Indeed, based on the fourth equation of the first column of
transformations (119) for the coordinates of point E, we get

w = γ (w′ + u · 0)
w = γw′.

We now consider the trigonometric form of the velocity
υ, as defined in paragraph 2.2. From equations (34) we get
for reference frames S and S ′ respectively

cos δ =
υx

c
sin δ cosω =

υy

c

sin δ sinω =
υz

c

(121)

cos δ′ =
υ′x
c

sin δ′ cosω′ =
υ′y

c

sin δ′ sinω′ =
υ′z
c
.

(122)

From the Lorentz-Einstein transformations for the veloc-
ity we have

υx =
υ′x + u

1 +
uυ′x
c2

υ′x =
υx − u

1 − uυx

c2

υy =
υ′y

γ

(
1 +

uυ′x
c2

) υ′y =
υy

γ
(
1 − uυx

c2

)
υz =

υ′z

γ

(
1 +

uυ′x
c2

) υ′z =
υz

γ

(
1 − uυ′x

c2

) .
(123)

From transformation (123) and from equations (121) and
(122) the following transformations are derived for the func-
tions δ = δ (x, y, z, t) and ω = ω (x, y, z, t):

cos δ′ =
cos δ − u

c

1 − u
c

cos δ

sin δ′ =
sin δ

γ
(
1 − u

c
cos δ

)
ω′ = ω

cos δ =
cos δ′ +

u
c

1 +
u
c

cos δ′

sin δ =
sin δ′

γ
(
1 +

u
c

cos δ′
)

ω = ω′.

(124)

We shall prove the first equation. The rest are proven sim-
ilarly.

From the first equation of the second column of transfor-
mations (123) we obtain

υ′x =
υx − u

1 − uυx

c2

υ′x
c
=

υx

c
− u

c

1 − u
c
υx

c

.

Through equations (122) and (121) we get

cos δ′ =
cos δ − u

c

1 − u
c

cos δ
.

From equation (117) and transformations (119) we see
that

r′ =
√
γ2 (x − ut)2 + y2 + z2. (125)
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Combining equations (103) and (125) we get

r = γ2 u
c

(x − ut) + γr′

and since

γ (x − ut) = x′

from transformations (119) we obtain

r = γ
u
c

x′ + γr′. (126)

From equation (115) we see that

υ′x =
c
r′

x′

x′ = r′
υ′x
c
.

Substituting into equation (126) we get

r = γ
uυ′x
c2 r′ + γr′

r = γr′
(
1 +

uυ′x
c2

)
.

From equation (122) we obtain

r = γr′
(
1 +

u
c

cos δ′
)

and with the help of transformations (124) we get

r = γr′

1 + u
c

cos δ − u
c

1 − u
c

cos δ


r = γr′

1 − u2

c2

1 − u
c

cos δ

r =
r′

γ
(
1 − u

c
cos δ

)

r′ = γr
(
1 − u

c
cos δ

)
= γr

(
1 − υ · u

c2

)
. (127)

From transformations (124) we obtain

sin δ′ =
sin δ

γ
(
1 − u

c
cos δ

)

cos δ′
dδ′

dδ
=

cos δ
(
1 − u

c
cos δ

)
− sin δ

u
c

sin δ

γ
(
1 − u

c
cos δ

)2

cos δ′
dδ′

dδ
=

cos δ − u
c

γ
(
1 − u

c
cos δ

)2

cos δ − u
c

1 − u
c

cos δ

dδ′

dδ
=

cos δ − u
c

γ
(
1 − u

c
cos δ

)2

dδ′

dδ
=

1

γ
(
1 − u

c
cos δ

)

dδ′ =
1

γ
(
1 − u

c
cos δ

)dδ. (128)

Repeating the same procedure we also arrive at relation

∂

∂δ′
= γ

(
1 − u

c
cos δ

)
∂

∂δ
(129)

among the operators ∂
∂δ′ and ∂

∂δ
.

From equation (109) we get

R = r

√
1 +

u2

c2 − 2
υ · u
c2

R = r

√
1 +

u2

c2 − 2
u
c

cos δ. (130)

From equation (130) we are able, whenever it is neces-
sary, to derive the Lorentz-Einstein transformation of the
quantity R through the use of transformations (124) and (127).

We consider now the angle θ between the vectors R and u,
as depicted in figure 6. From the law of sines for the triangle
EAP we have that

sinϑ
r
=

sin δ
R

sinϑ =
r
R

sin δ.

Using equation (130) we obtain

sinϑ =
sin δ√

1 +
u2

c2 − 2
u
c

cos δ

. (131)
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Fig. 8: The infinitesimal volume of the generalized photon in the
vicinity of point A of the inertial reference frame S (0′, x′, y′, z′, t′).
The material point particle is at position P (0, 0, 0, t′). The infinites-

imal surface of area dA′ is vertical to the vectors r′ =
→

PA and
r′1 =

→
PA

1
. The points P, A and A1 are collinear.

From the familiar identity sin2 ϑ+cos2 ϑ = 1 we have that

cosϑ =
cos δ − u

c√
1 +

u2

c2 − 2
u
c

cos δ

. (132)

From transformations (124) we can, after applying equa-
tions (131) and (132), derive the Lorentz-Einstein transfor-
mations for the quantities sinϑ and cosϑ. Furthermore, in
the inertial reference frame S ′ it is θ′ = δ′, as can be seen
from figure 7.

3.5 The Lorentz-Einstein transformation of the volume
of the generalized photon

The generalized photon moves with velocity υ of magnitude
∥υ∥ = c in any inertial reference frame. This has as a conse-
quence that the following transformation does not hold:

dV ′ = γdV.

This transformation holds for the volume dV of a material
particle that is at rest in the inertial reference frame S ′. We
shall prove that the volume of the generalized photon trans-
forms according to relation

dV ′ =
dV

γ
(
1 − u

c
cos δ

) = dV

γ
(
1 − υ · u

c2

) (133)

for our chosen inertial reference frames S and S ′.
In the region of point A (x′, y′, z′, t′) of figure 7 we con-

sider the elementary area

dA′ = r′2 sin δ′dδ′dω′

Fig. 9: Figure 8 as modulated in the inertial reference frame
S (0, x, y, z, t), in which the material particle moves with constant
speed. The points P, A and A1 remain collinear, as results from the
Lorentz-Einstein transformations.

of a sphere with center O′ and radius r′. Furthermore, we
consider a point A1 close to point A on line OA, as depicted
in figure 8.

The elementary volume of the generalized photon in the
inertial reference frame S ′ is

dV ′ = dA′
∣∣∣∣∣∣∣∣−−−→AA1

∣∣∣∣ = r′2 sin δ′dδ′dω′
∣∣∣∣∣∣∣∣−−−→AA1

∣∣∣∣ (134)

assuming that A1 → A.
In figure 9 we present the volume dV occupied by the

generalized photon in the inertial frame of reference S .
The elementary area dA in S is

dA = r2 sin δdδdω

while the elementary volume dV is

dV = dA
∣∣∣∣∣∣∣∣−−−→HA1

∣∣∣∣ = r2 sin δdδdω
∥∥∥∥−−−→HA1

∥∥∥∥ (135)

since A1 → A.
From the Lorentz-Einstein transformations it directly fol-

lows that points P, A, A1, which are collinear in reference
frame S ′ are also collinear in reference frame S . The con-
clusions of paragraph 2.4 about the representation of the tra-
jectory of the material particle in the surrounding spacetime,
also lead to figure 9. Here, the trajectory of the material par-
ticle is on the x axis. We now use the following notation, as
depicted in figure 9.

r =
∥∥∥∥−−→EA

∥∥∥∥ (136)

r1 =
∥∥∥∥−−−−→E1A1

∥∥∥∥ (137)

according to the notation we have established. Similarly, in
figure 8 we use the notation
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r′ =
∥∥∥∥∥−−−→O′A

∥∥∥∥∥ (138)

r′1 =
∥∥∥∥∥−−−→O′A1

∥∥∥∥∥ . (139)

From figure 9 we have that∥∥∥∥−−−−→E1A1

∥∥∥∥ = ∥∥∥∥−−−→E1K
∥∥∥∥ + ∥∥∥∥−−→KH

∥∥∥∥ + ∥∥∥∥−−−→HA1

∥∥∥∥
and with equations (136) and (137) we get

r1 =
∥∥∥∥−−−→E1K

∥∥∥∥ + r +
∥∥∥∥−−−→HA1

∥∥∥∥
∥∥∥∥−−−→HA1

∥∥∥∥ = r1 − r −
∥∥∥∥−−−→E1K

∥∥∥∥ . (140)

From the triangle E1KE of figure 9 we see that

cos δ =

∥∥∥∥−−−→E1K
∥∥∥∥∥∥∥∥−−−→E1E
∥∥∥∥∥∥∥∥−−−→E1K

∥∥∥∥ = ∥∥∥∥−−−→E1E
∥∥∥∥ cos δ. (141)

Similarly, we have that∥∥∥∥−−−→E1E
∥∥∥∥ = u

r1 − r
c
= u dw (142)

since in the time interval ∆t = r1−r
c dw the point particle

moved from point E1 to point E. Combining equations (141)
and (142) we obtain∥∥∥∥−−−→E1K

∥∥∥∥ = u dw cos δ. (143)

Combining equations (140) and (143) we also get∥∥∥∥−−−→HA1

∥∥∥∥ = c dw
(
1 − u

c
cos δ

)
(144)

since r1 − r = cdw.
Combining equations (135) and (144) we get

dV = r2 sin δdδdωcdw
(
1 − u

c
cos δ

)
. (145)

From figure 8 we have that∥∥∥∥−−−→AA1

∥∥∥∥ = ∥∥∥∥∥−−−→O′A1

∥∥∥∥∥ − ∥∥∥∥∥−−−→O′A
∥∥∥∥∥

and with equations (138) and (139) we get∥∥∥∥−−−→AA1

∥∥∥∥ = r′1 − r′ = cdw′. (146)

Combining equations (135) and (146) we also get

dV ′ = r′2 sin δ′dδ′dω′cdw′. (147)

Combining equations (145) and (147) we get

dV ′

dV
=

r′2 sin δ′dδ′dω′cdw′

r2 sin δdδdωcdw
(
1 − u

c
cos δ

)
and with transformations (127), (124), (128) and (121) we get

dV ′

dV
= γ2

(
1 − u

c
cos δ

)2 1

γ2
(
1 − u

c
cos δ

)2

1
γ

1

1 − u
c

cos δ

dV ′

dV
=

1

γ
(
1 − u

c
cos δ

)
dV ′ =

dV

γ
(
1 − u

c
cos δ

) . (148)

This is equation (133). Given that u =

 u
0
0

 we arrive at

relation
υ · u
c2 =

u
c
υx

c
=

u
c

cos δ (149)

since, according to equation (121), cos δ = υx
c .

Combining equations (148) and (149) we have

dV ′ =
dV

γ
(
1 − u

c
cos δ

) = dV

γ
(
1 − υ · u

c2

) .
This is the final form of equation (133).
In the form

dV ′ =
dV

γ
(
1 − υ · u

c2

) (150)

transformation (133) also holds in the case of a material par-
ticle in arbitrary motion. In figure 5 the length of the three-
dimensional arc EEi equals

∥∥∥∥−−→EEi

∥∥∥∥ at first approximation, that
is, for an infinitesimal displacement of the material particle
from point E to point Ei. Thus, we have exactly the situa-
tion we describe in figure 9. On the other hand, for a finite,
but not infinitesimal, displacement

−−→
EEi of the material parti-

cle, the curvature kp (w) and the torsion τp (w) of curve Cp of
figure 5 enter the transformation of the volume.

4 The study of selfvariations at macroscopic scales

4.1 Introduction

In the present paragraph we study the consequences of the
selfvariations at macroscopic scales. The main conclusion we
derive is the existence of energy, momentum, electric charge
and electric current in the surrounding spacetime of the mate-
rial particle as a direct consequence of the selfvariations. We
calculate the density of energy, momentum, electric charge
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and electric current in the surrounding spacetime of an arbi-
trarily moving material point particle.

We present the four-dimensional electromagnetic poten-
tial which is compatible with the selfvariations. An important
element that emerges is the splitting of the electromagnetic
potential into two individual potentials, where the first one
gives the electromagnetic field that accompanies the material
particle in its motion, while the second one gives the electro-
magnetic radiation.

We prove that the selfvariations are compatible with the
principles of conservation of electric charge, energy, and mo-
mentum. This is accomplished through either direct calcula-
tion, based on the continuity equation, and also through the
energy-momentum tensor of the generalized photon. These
different approaches help the reader comprehend the physical
reality that prevails in the surrounding spacetime of material
particles.

In the preceding paragraphs we studied the generalized
photon as a geometric object. In this paragraph we shall see
for the first time that the generalized photon is a carrier of
energy, momentum, and electric charge. The density of elec-
tric charge and electric current in the surrounding spacetime
of the material particle is correlated with the electromagnetic
field that accompanies the material particle in its motion. The
electromagnetic radiation does not contribute to the density
of electric charge and electric current.

We calculate the energy-momentum tensor for the elec-
tromagnetic field and for the generalized photon. The energy-
momentum tensor describes the energy content of spacetime,
but only in macroscopic scales. In microscopic scales, the
energy-momentum tensor, as defined by the theory of Special
Relativity, cannot describe the energy content of spacetime.

4.2 The density of electric charge and electric current in
the surrounding spacetime of an electrically charged
point particle

In figure 6 the electric charge q acts at point A(x, y, z, t) with
the value it had at point E. Thus, we have q = q (w). Hence,
it follows that

∂q
∂t
=
∂q
∂w

∂w

∂t

∇q =
∂q
∂w
∇w

and with equations (11) and (12) we have that

∂q
∂t
=
∂q
∂w

1

1 − υ · u
c2

(151)

∇q = − ∂q
c∂w

1

1 − υ · u
c2

υ

c
. (152)

According to Special Relativity and the symbols we use

in figure 6, the intensity ε of the electric field at point A is

ε =
γq

4πε0r′3
R (153)

where R is given by equation (106), r′ by equation (117), and
γ = 1√

1− u2

c2

. From Gauss’s law [12–18] we obtain for the

electric charge density ρ at point A:

ρ = ε0∇ · ε

ρ = ε0∇ ·
(
γq

4πε0r′3
R
)

ρ =
qγ
4π
∇ ·

(
R
r′3

)
+
γ

4πR′3
R · ∇q. (154)

We can easily prove that

∇ ·
(

R
r′3

)
= 0. (155)

We can avoid the calculation, if we take into account that,
ignoring the selfvariations, for constant electric charge q,
classical Electromagnetism predicts that ρ = 0 at point A.
This is equivalent with equation (155).

Combining equations (154) and (155) we get

ρ =
γ

4πr′3
R · ∇q.

Using equation (152) we get

ρ = − ∂q
c∂w

γ

4πr′3
(
1 − υ · u

c2

) υ
c
· R.

After applying equation (109) we have that

ρ = − ∂q
c∂w

γr

4πr′3
(
1 − υ · u

c2

) υ
c

(υ
c
− u

c

)

ρ = − ∂q
c∂w

γr
4πr′3

1(
1 − υ · u

c2

) (
1 − υ · u

c2

)

ρ = − ∂q
c∂w

γr
4πr′3

.

Using transformation (127) we get

ρ = − ∂q
c∂w

1

4πγ2r2
(
1 − υ · u

c2

)3 . (156)

We can derive the same equation in a different way. We
will develop the second method in the next paragraph for the
calculation of the density of energy D due to the selfvariations
of the rest mass of the material particle, where we will not
be able to use Gauss’s law. The reader can easily apply the
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method of the next paragraph to the electric charge, and still
come up with equation (156).

The generalized photon moves with velocity υ, therefore
the current density j is given by equation

j =ρυ (157)

where the charge density ρ is given by equation (156). Equa-
tion (157) can also be easily inferred from Ampere’s law

∇ × B =µ0 j +
∂ε

c2∂t
. (158)

The intensity of the magnetic field B at point A of figure
6 is given initially by the Biot-Savart law:

B =
u
c2 × ε. (159)

Combining equations (153) and (109) we get

ε =
γq

4πε0r′3
r
(υ

c
− u

c

)
and from equation (127) we have

ε =
q

4πε0γ2r2
(
1 − υ · u

c2

)3

(υ
c
− u

c

)
. (160)

From equation (160) we get

u
c2 × ε =

υ

c
× ε

and from equation (159) we get

B =
υ

c2 × ε. (161)

In equation (161) the velocity υ of the generalized photon
refers to point A of figure 6. This has as a consequence that all
physical quantities B, υ, ε appearing in equation (161) refer
to the same point in spacetime. On the contrary, in equation
(159) the velocity u of the material particle does not refer to
point A, where the electromagnetic field is manifested. Equa-
tion (161) also holds for the case where the material particle
is in arbitrary motion, as we shall see in a later paragraph.

4.3 The density of energy and momentum in the sur-
rounding spacetime of a material point particle

In the case of the rest mass we cannot apply Gauss’s law in
order to calculate the energy density D in the surrounding
spacetime of the material particle. Because of this we will
develop a completely different proving procedure. We ini-
tially calculate the energy density D′ in the inertial reference
frame S ′ in which the material particle is at rest. At point A
of figure 7 the energy density D′ due to the selfvariations is

D′ = c2
m0

(
t′ − r′

c

)
− m0

(
t′ − r′ + dr′

c

)
4πr′2dr′

. (162)

From equation (112) and for a specific time t′ we have
that

dw′ = −dr′

c
and equation (162) becomes

D′ = c2

dm0

dr′
4πr′2

= −c

dm0

dw′
4πr′2

. (163)

We now consider the Lorentz-Einstein transformations
for the energy E and the momentum P of the generalized
photon:

E = γ
(
E′ + uP′x

)
Px = γ

(
P′x +

u
c2 E′

)
Py = P′y
Pz = P′z

E′ = γ (E − uPx)

P′x = γ
(
Px −

u
c2 E

)
P′y = Py
P′z = Pz.

(164)

Defining as dV the infinitesimal volume occupied by the
generalized photon at point A of figure 6 we have

D =
dE
dV
.

Applying the transformations (164) and (150) we get

D =
γ
(
dE′ + udP′x

)
γ
(
1 − υ · u

c2

)
dV ′

D =
dE′ + u

υ′x
c2 dE′(

1 − υ · u
c2

)
dV ′

D =
1 +

uυ′x
c2

1 − υ · u
c2

dE′

dV ′

D =
1 +

uυ′x
c2

1 − υ · u
c2

D′. (165)

From transformations (123) for the velocity we get

1 +
uυ′x
c2 = 1 +

u
c2

υx − u

1 − uυx

c2

=

1 − u2

c2

1 − uυx

c2

=
1

γ2
(
1 − uυx

c2

)
and since υ·uc2 =

u
c cos δ, we get

1 +
uυ′x
c2 =

1

γ2
(
1 − υ · u

c2

) . (166)
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Combining equations (165) and (166) we have

D =
1

γ2
(
1 − υ · u

c2

)2 D′

and with (163) we get

D = −c
1

γ2
(
1 − υ · u

c2

)2

dm0

dw′
4πr′2

.

Applying transformations (120) and (127) we obtain

D = −c
∂m0

∂w

1

4πγ3r2
(
1 − υ · u

c2

)4 . (167)

The generalized photon moves with velocity υ, so we
have

J = D
υ

c2 (168)

for the momentum density J at point A of figure 6.
Factor ∂m0

∂w
, which appears in the equations of this para-

graph, corresponds to factor ∂q
∂w

in the equations of the previ-
ous paragraph. In figure 6, the rest mass m0 of the point par-
ticle acts on point A (x, y, x, t) with the value it had at point E,
namely m0 = m0 (w). Therefore, we have

∂m0

∂t
=
∂m0

∂w

∂w

∂t

∇m0 =
∂m0

∂w
∇w

and with equations (11) and (12), we get

∂m0

∂t
=
∂m0

∂w

1

1 − υ · u
c2

∇m0 = −
∂m0

c∂w
1

1 − υ · u
c2

υ

c
.

(169)

These equations are analogous to equations (151) and (152)
for the electric charge.

4.4 The selfvariations are in accordance with the
principle of conservation of the electric charge

In figure 6 and for the time interval from w = t − r
c to t,

the generalized photons emitted by the material particle are
contained within a sphere with centre E and radius r. In order
for the conservation of the electric charge to hold, we have to
prove the validity of equation:

q
(
t − r

c

)
= q (t) +

∫
V
ρdV = q (t) + qi (170)

where V is the volume of the sphere with centre E and radius
r, and

qi =

∫
V
ρdV (171)

is the electric charge, due to the selfvariations, contained
within the sphere. From equation (145), we get for the in-
finitesimal volume dV

dV = b2
(
1 − u

c
cos δ

)
sin δdδdωcdw

0 ≤ δ ≤ π
0 ≤ ω < 2π
0 ≤ b ≤ r
t − r

c
≤ w ≤ t.

(172)

Combining equations (156) and (129) we get

ρ = − ∂q
c∂w

1

4πγ2r2
(
1 − u

c
cos δ

)3 . (173)

Combining equations (171) and (173) we also get

qi =
∫

V ρdV

qi = −
∫ π

0

∫ 2π

0

∫ t

t− r
c

∂q
c∂w

1

4πγ2b2
(
1 − u

c
cos δ

)3

b2
(
1 − u

c
cos δ

)
sin δdδdωcdw

qi = −
∫ π

0

∫ 2π

0

∫ t

t− r
c

∂q
∂w

sin δ

4πγ2
(
1−u

c
cos δ

)2 dδdωcdw

qi = −
1

2γ2

∫ π

0

∫ t

t− r
c

∂q
∂w

sin δ(
1 − u

c
cos δ

)2 dδdw. (174)

We now denote

λ = 1 − u
c

cos δ. (175)

Thus, we have
c
u

dλ = sin δdδ (176)

1 − u
c
≤ λ ≤ 1 +

u
c
. (177)

So we have∫ π

0

sin δ(
1 − u

c
cos δ

)2 dδ =
∫ 1+ u

c

1− u
c

c
u

dλ

λ2 = −
c
u

[
1
λ

]1+ u
c

1− u
c

=

− c
u

 1

1 +
u
c

− 1

1 − u
c

 = − c
u

−2
u
c

1 − u2

c2

=
2

1 − u2

c2

= 2γ2
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and equation (174) becomes

qi = −
∫ t

t− r
c

∂q
∂w

dw

qi = −
[
q (w)

]t
t− r

c

qi = q
(
t − r

c

)
− q (t)

q (t) + qi = q
(
t − r

c

)
which is equation (170).

We can also prove the conservation of the electric charge
through the equation of continuity

∂ρ

∂t
+ ∇ · j = 0. (178)

Indeed, taking into account equation (157) we have

∂ρ

∂t
+ ∇ · j =

∂ρ

∂t
+ ∇ · (ρυ)

∂ρ

∂t
+ ∇ · j =

∂ρ

∂t
+ υ · ∇ρ + ρ∇ · υ

and with equation (22) we get

∂ρ

∂t
+ ∇ · j =

∂ρ

∂t
+ υ · ∇ρ + 2c

r
ρ.

Applying equation (86) of the fundamental mathematical
theorem, for f = ρ, we get

∂ρ

∂t
+ ∇ · j = c

∂ρ

∂r
+

2c
r
ρ. (179)

From equation (173) we have

∂ρ

∂r
= −2ρ

r
. (180)

Combining equations (179) and (180) we finally get

∂ρ

∂t
+ ∇ · j = 0.

4.5 The selfvariations are in accordance with the conser-
vation principles of energy and momentum

In figure 6, for the time interval from w = t − r
c to t, the gen-

eralized photons emitted by the material particle due to the
selfvariation of the rest mass are contained within the sphere
with centre E and radius r. In order for the conservation of
energy to hold, it is enough to prove the validity of the fol-
lowing equation:

c2γm0

(
t − r

c

)
= c2γm0 (t) +

∫
V

DdV = c2m0 (t) + Ei (181)

where V is the volume of the sphere with centre E and radius
r, and

Ei =

∫
V

DdV (182)

is the energy due to the selfvariation of the rest mass, which is
contained within the sphere. Combining equations (167) and
(129) we get

D = −c
∂m0

∂w

1

4πγ3r2
(
1 − u

c
cos δ

)4 . (183)

Combining equations (182) and (183), and following the
notation of equation (172), we get

Ei = −c
∫ π

0

∫ 2π

0

∫ t

t− r
c

∂m0

∂w

1

4πγ3b2
(
1 − u

c
cos δ

)4

b2
(
1 − u

c
cos δ

)
sin δdδdωcdw

Ei = −
c2

4πγ3

∫ π

0

∫ 2π

0

∫ t

t− r
c

∂m0

∂w

sin δ(
1 − u

c
cos δ

)3 dδdωdw

Ei = −
c2

2γ3

∫ π

0

∫ t

t− r
c

∂m0

∂w

sin δ(
1 − u

c
cos δ

)3 dδdw. (184)

Using the notation of equations (175), (176), and (177)
we have∫ π

0

sin δ(
1 − u

c
cos δ

)3 dδ =
∫ 1+ u

c

1− u
c

u
λ3 dλ =

− c
2u

[
1
λ2

]1+ u
c

1− u
c

= − c
2u

 1(
1 +

u
c

)2 −
1(

1 − u
c

)2

 =
− c

2u

−4
u
c(

1 − u2

c2

)2 =
2(

1 − u2

c2

)2 = 2γ4.

Now (184) becomes

Ei = −c2γ

∫ t

t− r
c

∂m0

∂w
dw

Ei = −c2γ [m0]t
t− r

c

Ei = −c2γm0 (t) + c2γm0

(
t − r

c

)
c2γm0

(
t − r

c

)
= c2γm0 (t) + Ei

which is equation (181).
The conservation of energy can also be proven using the

continuity equation

∂D
c2∂t
+ ∇ · j = 0. (185)
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Indeed, if we take into account equation (168) we obtain

∂D
c2∂t
+ ∇ · j =

∂D
c2∂t
+ ∇ ·

(
D
υ

c2

)
∂D
c2∂t
+ ∇ · j =

∂D
c2∂t
+
υ

c2∇D +
D
c2∇ · υ

and with equation (22) we have

∂D
c2∂t
+ ∇ · j =

∂D
c2∂t
+
υ

c2∇D +
D
c2∇

2c
r
.

Using equation (86) of the fundamental mathematical the-
orem for f = D, we get

∂D
c2∂t
+ ∇ · j = c

∂D
c2∂r

+
D
c2

2c
r
. (186)

From equation (183) we have

∂D
∂r
= −2D

r
. (187)

Combining equations (186) and (187) we get

∂D
c2∂t
+ ∇ · j = 0.

In order to prove the conservation of momentum, it suf-
fices to prove the corresponding of equation (181), that is, it
is enough to prove equation

γm0

(
t − r

c

)
u = γm0 (t) u +

∫
V

JdV = γm0 (t) u + Pi (188)

where
Pi =

∫
V

JdV (189)

is the momentum due to the selfvariation of the rest mass,
contained within the sphere of centre E and radius r. Com-
bining equations (189) and (168) we obtain

Pi =

∫
V

D
υ

c2 dV. (190)

We first work on the x-axis:

Pix =

∫
V

D
υx

c2 dV.

Using equation (121) we get

Pix =

∫
V

D
cos δ

c
dV

and with equations (183) and (172) we get

Pix = −
∫ π

0

∫ 2π

0

∫ t

t− r
c

∂m0

∂w

cos δ

4πγ3b2
(
1 − u

c
cos δ

)4

b2
(
1 − u

c
cos δ

)
sin δdδdωcdw

Pix = −
∫ π

0

∫ 2π

0

∫ t

t− r
c

∂m0

∂w

cos δ sin δ

4πγ3b2
(
1−u

c
cos δ

)3 dδdωcdw

Pix = −
c

4πγ3

∫ π

0

∫ 2π

0

∫ t

t− r
c

∂m0

∂w

cos δ sin δ(
1 − u

c
cos δ

)3 dδdωdw

Pix = −
c

2γ3

∫ π

0

∫ t

t− r
c

∂m0

∂w

cos δ sin δ(
1 − u

c
cos δ

)3 dδdw. (191)

Using the notation appearing in equations (175), (176),
and (177) we have

∫ π

0

cos δ sin δ(
1 − u

c
cos δ

)3 dδ =
∫ 1+ u

c

1− u
c

c2

u2

1 − λ
λ3 dλ =

c2

u2

∫ 1+ u
c

1− u
c

(
1
λ3 −

1
λ2

)
dλ =

c2

u2

−1
2

[
1
λ2

]1+ u
c

1− u
c

+

[
1
λ

]1+ u
c

1− u
c

 =
c2

u2

−
1
2

(
1 +

u
c

)2
−

(
1 − u

c

)2

(
1 − u2

c2

)2 +

−2
u
c

1 − u2

c2

 =

c2

u2

−
1
2

−4
u
c(

1 − u2

c2

)2 −
2

u
c

1 − u2

c2

 =

2c
u


1(

1 − u2

c2

)2 −
1

1 − u2

c2

 =
2c
u(

1 − u2

c2

)2

(
1 − 1 +

u2

c2

)
=

2u
c(

1 − u2

c2

)2 = 2γ4 u
c

and equation (181) becomes

Pix = −uγ
∫ t

t− r
c

∂m0

∂w
dw = −uγ [m0]t

t− r
c

Pix = uγm0

(
t − r

c

)
− uγm0 (t) . (192)

Similarly for the y-axis we get

Piy = −
∫ π

0

∫ 2π

0

∫ t

t− r
c

∂m0

∂w

sin δ(
1 − u

c
cos δ

)3 υydδdωdw
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and with equation (121)

υy

c
= sin δ cosω

we get

Piy = −
∫ π

0

∫ 2π

0

∫ t

t− r
c

∂m0

∂w

c sin2 δ cosω(
1 − u

c
cos δ

)3 dδdωdw. (193)

The presence of factor cosω causes integral (193) to van-
ish, and we have

Piy = 0. (194)

We can similarly prove that

Piz = 0. (195)

Given that

u =

 u
0
0


equations (192), (194) and (195) can be written as

Pi = uγm0

(
t − r

c

)
− uγm0 (t)

which is equation (188).
From equation (181) we get

Ei =

∫
V

DdV = c2γ
(
m0

(
t − r

c

)
− m0 (t)

)
. (196)

From equation (188) we also have

Pi =

∫
V

JdV = uγ
(
m0

(
t − r

c

)
− m0 (t)

)
. (197)

Combining equations (196) and (197) we get

Pi = Ei
u
c2 (198)

and ∫
V

JdV =
u
c2

∫
V

DdV. (199)

Equations (198) and (199) hold for every volume V , i.e.
for every radius r of the sphere with centre E and radius r of
figure 6. Therefore, they also hold for r = 0, that is, on the
material particle at time w. Hence, the total energy Es and the
total momentum Ps emitted by the material particle at time w
in all directions, are connected through the relation

Ps = Es
u
c2 (200)

where u = u (w). This equation has fundamental consequen-
ces for the material particle, and we shall encounter them as
our study continues.

4.6 The electromagnetic field in the macrocosm. The
electromagnetic potential of the selfvariations

Using the symbols at point A (x, y, z, t) of figure 4, the scalar
potential V and the vector potential A of the selfvariations are
given by the following equations:

V =
q
(
1 − u2

c2

)
4πε0r

(
1 − υ · u

c2

)2 +
q (υ · α)

4πε0c3
(
1 − υ · u

c2

)2 (201)

A = V
υ

c2 . (202)

The intensity ε of the electric field, and the intensity B of
the magnetic field arising from these two potentials, are given
by

ε =

q
(
1 − u2

c2

)
4πε0r2

(
1 − υ · u

c2

)3

(υ
c
− u

c

)
+

+
q

4πε0r
(
1 − υ · u

c2

)2


(υ

c
α
)

1 − υ · u
c2

(υ
c
− u

c

)
− α


(203)

B =
q
(
1 − u2

c2

)
4πε0r2

(
1 − υ · u

c2

)3

u
c
× υ

c
+

+
q

4πε0r
(
1 − υ · u

c2

)


(υ
c
α
)

1 − υ · u
c2

(u
c
× υ

c

)
− υ

c
× α


(204)

where u = u (w) is the velocity, and α = α (w) is the accel-
eration of the material particle. Furthermore, the density of
electric charge at point A is

ρ = − ∂q
∂w

1

4πγ2r2
(
1 − υ · u

c2

)3 (205)

exactly as given by equation (156).
In equations (203) and (204) we recognize the electro-

magnetic field as we know it experimentally, but also as pre-
dicted by the Lienard-Wiechert potentials. However, the elec-
tromagnetic potentials of the selfvariations have a fundamen-
tal characteristic that is not shared by the Lienard-Wiechert
potentials. Namely, they split into two individual couples of
potentials

Vu =

q
(
1 − u2

c2

)
4πε0r

(
1 − υ · u

c2

)2

Au = Vu
υ

c2

(206)
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and

Vα =
q (υ · α)

4πε0c3
(
1 − υ · u

c2

)2

Aα = Vα
υ

c2 .

(207)

The (206) potentials express the electromagnetic field

εu =

q
(
1 − u2

c2

)
4πε0r2

(
1 − υ · u

c2

)3

(υ
c
− u

c

)

Bu =

q
(
1 − u2

c2

)
4πε0r2

(
1 − υ · u

c2

)3

u
c
× υ

c
.

(208)

that accompanies the material particle in its motion. The
(207) potentials express the electromagnetic radiation

εα =
q

4πε0c2r
(
1−υ · u

c2

)2


(υ

c
α
)

1−υ · u
c2

(υ
c
−u

c

)
−α


Bα =

q

4πε0r
(
1−υ · u

c2

)


(υ
c
α
)

1−υ · u
c2

(u
c
×υ

c

)
−υ

c
×α

 .
(209)

The (207) potential of the electromagnetic radiation does
not depend on the distance r, while it vanishes for υ · α = 0.
Furthermore, for each couple of the electromagnetic field we
can easily prove that equation (161) holds

Bu =
υ

c2 × εu (210)

Bα =
υ

c2 × εα. (211)

We remind the reader that the electromagnetic field can be
calculated from the electromagnetic potentials via equations

ε = −∇V − ∂A
∂t

(212)

B = ∇ × A (213)

where ∇V =


∂V
∂x
∂V
∂y
∂V
∂z

, and ∇ × A = curl A.

We shall now prove equation

εα = −∇Vα −
∂Aα
∂t

(214)

and the general equations (203) and (204) can be proven sim-
ilarly. We shall make use of the equations of paragraph 2.7.
From the (207) potentials we obtain

εα = −

 q (υ · α)

4πε0c3
(
1−υ · u

c2

)2

− ∂∂t
 q (υ · α)

4πε0c5
(
1−υ · u

c2

)2 υ


εα = −∇

 q (υ · α)

4πε0c3
(
1−υ · u

c2

)2

 − υ ∂∂t
 q (υ · α)

4πε0c5
(
1−υ · u

c2

)2


− q (υ · α)

4πε0c5
(
1 − υ · u

c2

)2

∂υ

∂t

εα = −
(υ · α)

4πε0

(
1 − υ · u

c2

)2

(
∇q +

∂q
c2∂t
υ

)
−

− q

4πε0

(
1 − υ · u

c2

)2

[
∇ (υ · α) +

∂ (υ · α)
c2∂t

υ

]
−

− 2q (υ · α)

4πε0c3
(
1 − υ · u

c2

)3

[
∇

(υ · u
c2

)
+
∂ (υ · u)

c4∂t
υ

]
−

− q (υ · α)

4πε0c5
(
1 − υ · u

c2

)2

∂υ

∂t
.

(215)

Combining equations (151) and (152) we get

∇q +
∂q

c2∂t
υ = 0. (216)

Combining equations (98) and (99) we get

∇ (υ · α) +
∂ (υ · α)

c2∂t
=

c
r
α − (υ · α)

cr
υ. (217)

Combining equations (96) and (99) we get

∇ (υ · u) +
∂ (υ · u)

c2∂t
υ = −c

r

(
(υ · u)

c2 υ − u
)
. (218)

We substitute equations (216), (217) and (218) into equa-
tion (215) and we obtain
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εα = −
q

4πε0c3
(
1 − υ · u

c2

)2

[
c
r
α − (υ · α)

cr
υ

]
+

+
2q (υ · α)

4πε0c5
(
1 − υ · u

c2

)3

c
r

[
(υ · u)

c2 υ − u
]
−

− q (υ · α)

4πε0c4
(
1 − υ · u

c2

)3

[
(υ · u)

c2 υ − u
]

εα = −
q

4πε0c3
(
1 − υ · u

c2

)2

[
c
r
α − (υ · α)

cr
υ

]
+

+
q (υ · α)

4πε0c4r
(
1 − υ · u

c2

)3

[
(υ · u)

c2 υ − u
]

εα =
q

4πε0c2r
(
1 − υ · u

c2

)2 ·−α + (υ · α)
c2 υ +

(υ · u) (υ · α)

c4
(
1 − υ · u

c2

)υ − (υ · α)

c2
(
1 − υ · u

c2

)u


εα =

q

4πε0c2r
(
1 − υ · u

c2

)2 ·−α + (υ · α)

c2
(
1 − υ · u

c2

) ((
1 − υ · u

c2

)
υ+

(υ · u)
c2 υ − u

)
εα =

q

4πε0c2r
(
1 − υ · u

c2

)2

−α + (υ · α)

c2
(
1 − υ · u

c2

) (υ − u)


which is equation (209) for the electric field εα.

In order to prove equations (208) we also need equations

∇
(
u2

)
+
∂
(
u2

)
c2∂t

υ = 0 (219)

∇r +
∂r

c2∂t
υ =
υ

c
. (220)

We can prove equation (219) as follows

∇
(
u2

)
+
∂
(
u2

)
c2∂t

υ =
∂u2

∂w
∇w + ∂u

2

c2∂w

∂w

∂t
υ

=
∂u2

∂w

(
∇w + ∂w

c2∂t
· υ

)
= 0.

This results immediately from the combination of equa-
tions (11) and (12). Equation (220) results from the combina-
tion of equations (9) and (14).

In order to prove equation (205), we denote

f =
1 − u2

c2

4πε0r2
(
1 − υ · u

c2

)3

(υ
c
− u

c

)
+

+
1

4πε0r
(
1 − υ · u

c2

)2


(
υ
cα

)
1 − υ · u

c2

(υ
c
− u

c

)
− α


(221)

and

g =
1 − u2

c2

4πε0r
(
1 − υ · u

c2

)3

(u
c
× υ

c

)
+

+
1

4πε0r
(
1 − υ · u

c2

)2


υ

c
α

1−υ · u
c2

(u
c
×υ

c

)
−υ

c
×α

 .
(222)

Using the notation of equations (221) and (222), and from
equations (208) and (209) we obtain

ε = εu + εα = q f (223)

B = Bu + Bα = qg. (224)

From Gauss’s law we have

ρ = ε0∇ · ε
and using equation (223) we have

ρ = ε0∇ · (q f )

ρ = ε0q∇ · f+ε0 f · ∇q. (225)

From classical electromagnetism we know that

∇ · f = 0.

Hence, equation (225) becomes

ρ = ε0 f · ∇q.

Using equation (216) we obtain

ρ = −ε0
∂q

c2∂t
υ · f . (226)

From equation (221) we see that

υ · f =
1 − u2

c2

r2
(
1 − υ · u

c2

)3

(
c2

c
− υ · u

c

)
+

+
1

4πε0r
(
1 − υ · u

c2

)2


(υ

c
u
)

1 − υ · u
c2

(
c2

c
− υ · u

c

)
− υ · α


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υ · f =
c
(
1 − u2

c2

)
4πε0r

(
1 − υ · u

c2

)2+

+
1

r
(
1 − υ · u

c2

)
 (υ · α)

1 − υ · u
c2

(
1 − υ · u

c2

)
− υ · α



υ · f =
c
(
1 − u2

c2

)
r2

(
1 − υ · u

c2

)2 + 0. (227)

Combining equations (226) and (227) we get

ρ = −ε0

1 − u2

c2

4πε0

(
1 − υ · u

c2

)2

∂q
∂t

and with equation (151) we finally obtain

ρ = − ∂q
∂w

1 − u2

c2

4πr2
(
1 − υ · u

c2

)3

which is equation (205), since

1
γ2 = 1 − u2

c2 .

Similarly we can prove equation

∇ · B = 0. (228)

From equation (224) we have that

∇ · B = ∇ · (qg)

∇ · B = q∇ · g + g · ∇q. (229)

From classical electromagnetism we know that

∇ · g = 0.

Thus, equation (229) becomes

∇ · B = g · ∇q

and with equation (216) we obtain

∇ · B = − ∂q
c2∂t
υ · g. (230)

From equation (222) it immediately can be seen that

υ · g = 0

and from equation (230) we also obtain

∇ · B = 0.

Combining equations (230) and (224) we have that

∇ · B = − ∂q
c2q∂t

υ · B. (231)

From equation (231) it follows that

∇ · B = 0

if and only if
υ · B = 0.

From equations (210) and (211) we get

B =
υ

c2 × ε. (232)

Therefore, it holds that

υ · B = 0

or equivalently
∇ · B = 0.

Combining equations (226) and (223) we get

ρ = −ε0
∂q

c2q∂t
υ · ε. (233)

From equation (233) it follows that

ρ = 0

if and only if
υ · ε = 0.

From equation (209) for the electric field εα, we can im-
mediately deduce that

υ · εα = 0. (234)

Therefore, the electromagnetic radiation does not con-
tribute to the charge density ρ. On the contrary, for the electric
field εu that accompanies the material particle, it holds that

υ · εu , 0

as follows from equation (208).
From equation (232) we obtain

B =
υ

c2 × ε

B2 =

( υ
c2 × ε

)2

B2 =

( υ
c2 × ε

)
·
( υ
c2 × ε

)
.
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After performing the necessary calculations we finally get

ε2 = c2B2 +

(υ · ε
c

)2
. (235)

We end this paragraph with an interesting observation.
Comparing equations (208) for the electric field εu with equa-
tion (65), we conclude that the vectors t and εu are parallel.
Then, the “trajectory representation theorem” informs us that
the direction of the electric field εu represents the tangential
vector t p of the trajectory Cp of the material particle.

4.7 The energy-momentum tensor of the electro-
magnetic field at macroscopic scales

The equations of this paragraph as well as of the remaining
paragraphs of this paragraph, could be stated differently, so
that they also hold for non-inertial reference frames. How-
ever, such a formulation does not serve the purposes of the
present edition. Therefore, we will formulate the equations
for an inertial reference frame, while simultaneously suggest-
ing the way in which the same equations can also be formu-
lated for a non-inertial reference frame.

From the axiomatic foundation of the theory of selfvaria-
tions, as stated in paragraph 2.2, we have that

dS 2 = 0

or, equivalently,

gikdxidxk = 0 i, k = 0, 1, 2, 3 (236)

where (
x0, x1, x2, x3

)
= (ct, x, y, z) (237)

and gik are the components of the metric tensor. In equation
(236) we use the Einstein summation convention for the in-
dices i and k.

We denote

υi =
dxi

dt
i = 0, 1, 2, 3 (238)

that is, (
υ0, υ1, υ2, υ3

)
=

(
c, υx, υy, υz

)
. (239)

From equation (236) we obtain

gik =
dx1

dt
dxk

dt
= 0

and with equation (238) we get

gikυ
iυk = 0 i, k = 0, 1, 2, 3. (240)

Using this notation, all the equations we will formulate
also hold for non-inertial reference frames if we replace dif-
ferentiation with respect to xk with covariant differentiation
with respect to xk, k=0,1,2,3.

We now denote the four-vector of velocity as

υ =


υ0

υ1

υ2

υ3

 =


c
υx

υy
υz

 (241)

and the four-vector of current density as

j =


j0

j1

j2

j3

 =

ρυ0

ρυ1

ρυ2

ρυ3

 =

ρc
ρυx

ρυy
ρυz

 (242)

as results from equations (156) and (157). Also, according to
equations (201) and (202), the four-vector of the electromag-
netic potential is

A =


A0

A1

A2

A3

 =



V
c
υ0

V
c
υ1

V
c
υ2

V
c
υ3


=



V

V
c
υx

V
c
υy

V
c
υz


. (243)

Subsequently we will symbolize the differentiation with
respect to ∂

∂xk with (, k), k=0,1,2,3.
We now consider the tensor of the electromagnetic field

T µν =
I

4π

(
FµαFνα −

1
4
gµνFαβFαβ

)
(244)

where gµν is the inverse of the matrix gµν, gµkgkν = δµν

δµν =


1 f or µ = ν

0 f or µ , ν
(245)

and Fµν is the Maxwell stress tensor

Fµν = Aν,µ − Aµ,ν. (246)

Using this notation and taking into account that in the sur-
rounding spacetime of the material particle there is an electric
current j, as given by equation (242), the energy-momentum
tensor [19–21] of the electromagnetic field is given by the
tensor

Φµν = T µν − jµAν. (247)

We now write the tensor T µν in the form

T i j =


W cS x cS y cS z

cS x

cS y σαβ
cS z

 (248)
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S = ε0ε × B (249)

where S is the Poynting vector, and ε and B are the intensities
of the electric and magnetic field, respectively. Taking into
account equations (210) and (211), as summarized in equa-
tion

B =
υ

c2 × ε (250)

equation (249) becomes

S = ε0

(
ε2

c2

)
υ − ε0

(υ · ε
c2

)
ε. (251)

The Maxwell stress tensor σαβ is given by relation

σαβ = ε0

(
−εαεβ − c2BαBβ +Wδαβ

)
(252)

where δαβ is given by relation (245), and

W =
1
2
ε0

(
ε2 + c2B2

)
(253)

ε =

 εx

εy
εz

 =
 ε1
ε2
ε3


B =

 Bx

By
Bz

 =
 B1

B2
B3

 .
Combining equations (247) and (248), we arrive at the

energy-momentum tensor

Φi j =


W cS x cS y cS z

cS x σ11 σ12 σ13
cS y σ21 σ22 σ23
cS z σ31 σ32 σ33

−

− ρV
c2


c2 cυx cυy cυz

υxc υ2
x υxυy υxυz

υyc υyυx υ2
y υyυz

υzc υzυx υzυy υ2
z

 .
(254)

We shall now prove that the scalar potential, as given by
equation (201), satisfies the relation

∂V
∂t
+ υ · ∇V = −υ · ε. (255)

From equation (212) we have that

−υ · ε = −υ
[
−∇V − ∂A

∂t

]
−υ · ε = υ

(
∇V +

∂A
∂t

)
.

Using equation (202) we have

−υ · ε = υ
(
∇V +

∂V
c∂t
υ

c
+

V
c
∂

∂t

(υ
c

))
−υ · ε = υ · ∇V +

∂V
∂t
+

V
c
υ · ∂
∂t

(υ
c

)
−υ · ε = υ · ∇V +

∂V
∂t
+

V
2c
∂

∂t

(
υ2

c

)
−υ · ε = υ · ∇V +

∂V
∂t

since υ2 = c2.
We will now prove the conservation of energy and mo-

mentum, as expressed by equation

Φ
i j
, j =
∂Φi j

∂x j = 0. (256)

We begin with an observation which allows us to avoid
complex calculations. Equation (256) holds in classical elec-
tromagnetic theory, i.e. if we ignore the consequences of
the selfvariations and consider the electric charge q constant,
both in the electromagnetic potential, as well as in the inten-
sity of the electromagnetic field. Furthermore, ρ = 0 in equa-
tion (254). Therefore, it is enough to prove that in equation
(256) the factors resulting from the selfvariation of the elec-
tric charge q, also vanish. Certainly, in equation (254) it holds
that ρ , 0, where the charge density ρ is given by equation
(205).

The energy density W of the electromagnetic field as
given by equation (253), as well as the Poynting vector S ,
given by equation (251), are proportional to q2. Therefore, in
our calculations we will have to take into consideration the
rate of change of the factor q2. From equations (151) and
(152) we have

∂q2

∂t
= 2q

∂q
∂t
=

2q

1 − υ · u
c2

∂q
∂w

∇q2 = 2q∇q = − 2q

1 − υ · u
c2

∂q
∂w

υ

c2 .

Thus, we arrive at equations

∂q2

∂t
=

2

1 − υ · u
c2

∂q
q∂w

q2 = −2λq2

∂q2

∂x
= 2λ

υx

c2 q2 ∂q2

∂y
= 2λ

υy

c2 q2

∂q2

∂z
= 2λ

υz

c2 q2

λ = − 1

1 − υ · u
c2

∂q
q∂w
.

(257)
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From equation (255), and for i = 0, we have that

∂Φ0 j

∂x j =
∂Φ00

∂x0 +
∂Φ01

∂x1 +
∂Φ02

∂x2 +
∂Φ03

∂x3 =

∂

c∂t
(W)

∂

∂x
(cS x) +

∂

∂y

(
cS y

)
+
∂

∂z
(cS z)

− 1
c2

[
∂

c∂t

(
ρVc2

)
+
∂

∂x
(ρVcυx)+

∂

∂y

(
ρVcυy

)
+
∂

∂z
(ρVcυz)

]
and using relations (257), which we apply on the quantities
W, S x, S y, S z, which are proportional to q2, we get

∂Φ0 j

∂x j = −2λW + 2λυxS x + 2λυyS y + 2λυzS z

−V
c

[
∂ρ

∂t
+
∂

∂x
(ρυx) +

∂

∂y

(
ρυy

)
+
∂

∂z
(ρυz)

]
−ρ

c

(
∂V
∂t
+ υx
∂V
∂x
+ υy
∂V
∂y
+ υz
∂V
∂z

)
∂Φ0 j

∂x j = 2λ
(
−W + υxS x + υyS y + υzS z

)
−V

c

[
∂ρ

∂t
+ ∇ · (ρυ)

]
− ρ

c

(
∂V
∂t
+ υ · ∇V

)
and from the equation of continuity, as well as equation (254),
we get

∂Φ0 j

∂x j = 2λ
(
−W + υxS x + υyS y + υzS z

)
+
ρ

c
(υ · ε)

and with equations (251) and (252) we get

∂Φ0 j

∂x j = 2λε0

−1
2
ε2 − 1

2
B2 +

υ2
x

c2 ε
2 − υxεx

(υ · ε
c2

)
+
υ2
y

c2 ε
2

−υyεy
(υ · ε

c2

)
+
υ2

z

c2 ε
2 − υzεz

(υ · ε
c2

)]
+ ρ

(υ · ε
c

)

∂Φ0 j

∂x j = −2λε0

−1
2
ε2 − 1

2
c2B2 +

υ2
x + υ

2
y + υ

2
z

c2 ε2

−
− 2λε0

[
− (υ · ε)

(
υxεx + υyεy + υzεz

)]
+ ρ

(υ · ε
c

)
and since it is υ2

x + υ
2
y + υ

2
z = c2 and also

υxεx + υyεy + υzεz = υ · ε,

we see that

∂Φ0 j

∂x j = −2λε0

[
−1

2
ε2 − 1

2
c2B2 −

(υ · ε
c

)2
]
+ ρ

(υ · ε
c

)
.

From equation (235) we obtain

∂Φ0 j

∂x j = −2λε0
1
2

(υ · ε
c

)2
+ ρ

(υ · ε
c

)
∂Φ0 j

∂x j =

(υ · ε
c

) [
ρ − λε0

υ · ε
c

]
= 0

since
ρ − λε0

υ · ε
c
= 0. (258)

Indeed, substituting the factor λ from equations (257), we
have

λε0
υ · ε

c
= − 1

1 − υ · u
c2

∂q
q∂w
ε0
υ · ε

c

λε0
υ · ε

c
= − 1

1 − υ · u
c2

∂q
q∂w
ε0
υ

c
(εu + εα).

From equation (234) we have

υ · εα = 0.

Hence, we see that

λε0
υ · ε

c
= − ε0

1 − υ · u
c2

∂q
q∂w
υ

c
εu

and with equation (208) for the electric field εu we get

λε0
υ · ε

c
= − ε0

1 − υ · u
c2

∂q
q∂w

q
(
1 − u2

c2

)
4πε0r2

(
1 − υ · u

c2

)3

υ

c

(υ
c
− u

c

)

λε0
υ · ε

c
= − ∂q
∂w

1 − u2

c2

4πr2
(
1 − υ · u

c2

)4

(
1 − υ · u

c

)

λε0
υ · ε

c
= − ∂q
∂w

1 − u2

c2

4πr2
(
1 − υ · u

c2

)3 .

Applying equation (205) we get

λε0
υ · ε

c
= ρ

ρ − λε0
υ · ε

c
= 0.

The validity of equation (256) for i = 1, 2, 3 is proven
similarly.

In paragraph 4.5 we proved that the selfvariations are in
agreement with the conservation of energy and momentum.
The proof was done in two different ways: by direct calcu-
lation, and by applying the continuity equation. While it is
of interest that the two different proofs, both lead to the con-
clusion that the selfvariations are compatible with the conser-
vation principles of Physics, the calculation for the energy-
momentum tensor was done for a completely different, and
very substantial, reason. At macrocosmic scales, that is at
large distances from the material particle, where equations
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(151) and (152) hold, the energy-momentum tensor Φi j, as
given by equation (254), indeed contains all the information
about the energy content of spacetime. At microcosmic scales
the equations of the theory of selfvariations highlight addi-
tional parameters about the energy content of spacetime.
These parameters bring the quantum phenomena to the fore-
front.

4.8 The energy-momentum tensor of the generalized
photon at macrocosmic scales

In this paragraph we shall study the energy-momentum tensor
for the generalized photon that balances the selfvariation of
the rest mass of the material particle. Using our notation the
energy-momentum tensor is given by

Φi j =
D
c2


c2 cυx cυy cυz

υxc υ2
x υxυy υxυz

υyc υyυx υ2
y υyυz

υzc υzυx υzυy υ2
z

 (259)

with the energy density D given by equation (167).
We shall prove the conservation of energy and momentum

as given by equation

Φ
i j
, j =
∂Φi j

∂x j = 0. (260)

For i = 0 we have

∂Φ0 j

∂x j =
∂Φ00

∂x0 +
∂Φ01

∂x1 +
∂Φ02

∂x2 +
∂Φ03

∂x3

∂Φ0 j

∂x j =
∂

c∂t

(
Dc2

c2

)
+
∂

∂x

( D
c2 cυx

)
+
∂

∂y

( D
c2 cυy

)
+
∂

∂z

( D
c2 cυz

)
∂Φ0 j

∂x j =
1
c

[
∂D
∂t
+ ∇ · (Dυ)

]
and with equation (168) we get

∂Φ0 j

∂x j = 0.

For i = 1 we have

∂Φi j

∂x j =
∂Φ10

∂x0 +
∂Φ11

∂x1 +
∂Φ12

∂x2 +
∂Φ13

∂x3

∂Φi j

∂x j =
1
c2

[
∂

∂t
(Dυx) +

∂

∂x
(Dυxυx) +

∂

∂y

(
Dυxυy

)]
+

+
1
c2

[
∂

∂z
(Dυxυz)

]
∂Φi j

∂x j =
1
c2

[
υx

(
∂D
∂t
+ ∇ · (Dυ)

)
+ D

(
∂υx

∂t
+ υ · ∇υx

)]

and with equation (168) we get

∂Φi j

∂x j = υx

(
∂D
∂t
+ ∇ · j

)
+

1
c2 D

(
∂υx

∂t
+ υ · ∇υx

)
and with (185) we arrive at

∂Φi j

∂x j =
D
c2

(
∂υx

∂t
+ υ · ∇υx

)
. (261)

From equation (33) we have

∂υx

∂t
+ υ · ∇υx =

∂

∂t
(c cos δ) + υ · ∇ (c cos δ)

∂υx

∂t
+ υ · ∇υx = −c sin δ

(
∂δ

∂t
+ υ · ∇δ

)
and with equation (81)(b) we get

∂υx

∂t
+ υ · ∇υx = 0. (262)

Combining equations (261) and (262), we see that

∂Φi j

∂x j = 0.

We can similarly prove the validity of equation (259) for
i = 2, 3.

By comparing the results of the last two paragraphs we
find substantial differences between the generalized photon
that counterbalances the selfvariation of the electric charge
and the generalized photon that counterbalances the selfvari-
ation of the rest mass of the material particle. Within the
energy-momentum tensor of the first, there appears the elec-
tromagnetic field, as expressed by the first matrix of the sec-
ond part of equation (254). On the contrary, in the expression
of the energy-momentum tensor of equation (259), no cor-
responding matrix appears. Therefore, the generalized pho-
ton counterbalancing the rest mass does not correspond to a
kind of field with the structure and content of the electromag-
netic field. Furthermore, by comparing the second matrix of
equation (254) with the matrix of equation (259), we observe
that in place of the potential V in the first, the factor c2 ap-
pears in the second. These observations hold even if we for-
mulate the equations for a non-inertial reference frame (we
have already suggested a way for formulating the equations
in non-inertial reference frames). By careful observation of
the equations appearing in paragraphs 4.2, 4.3 and 4.4, we re-
alize that the difference in the “behavior” of the couples (ρ, j)
and (D, J) is the result of the different way the electric charge
and the energy transform according to Lorentz-Einstein. It is
exactly this difference that is captured on tensors (254) and
(259). The generalized photon gives us the exact mechanism
of transport of energy and momentum from one material par-
ticle to the other. At the same time, it highlights the simi-
larities and differences between the electromagnetic and the
gravitational interaction.
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We could call the generalized photon that counterbalances
the selfvariation of the rest mass by a different name. In any
case it is obvious when we refer to the electric charge and
when we refer to the rest mass. We shall, therefore, keep the
name “generalized photon” for both cases.

The observation we made at the end of the previous para-
graph regarding the tensor given by equation (254), also holds
for tensor (259). It is valid at macrocosmic scales. At mi-
crocosmic scales, further parameters emerge from the the-
ory of selfvariations, which cannot be given by the energy-
momentum tensor.

4.9 The internality of the universe to the measurement
procedure

The selfvariations hypothesis brings to the foreground the
“internality of the Universe to the measurement procedure”.
Usually, in order to measure a physical quantity, we define
as unit an arbitrary quantity with which we compare other
physical quantities of the same kind. If the defined unit of
measurement depends on the rest mass or the electric charge,
then it is itself subject to the selfvariations. This fact must be
taken into account every time we perform a measurement.

The photon does not have rest mass or electric charge
and is, therefore, not affected by the selfvariations. The ev-
idence we have suggests that the selfvariations take place at
extremely slow rates. Therefore, the first consequence of the
selfvariations we expect to observe is the following: photons
with great lifetimes will be measured to have less energy than
expected.

The extremely slow rate of evolution of the selfvariations,
combined with the “internality of the Universe to the mea-
surement procedure”, do not allow their immediate observa-
tion in the laboratory. In the laboratory we only observe the
consequences of the selfvariations. These consequences are
the potential fields and the quantum phenomena.

5 The quantitative determination of the selfvariations

5.1 Introduction

In the present paragraph we develop the main axis of the
structure of the theory of selfvariations. We determine quan-
titatively the rate of evolution of the selfvariations, and for-
mulate the law of selfvariations.

The law of selfvariations dominates from the microcos-
mic scales up to the observations we conduct billions of light
years away. It reveals the causes of quantum phenomena,
while it contains as physical information the totality of the
cosmological observational data. At the same time, it sets
the path for understanding the interactions between material
particles.

The equations resulting from the law of selfvariations are
of fundamental nature for the science of Physics and the re-
lated Physical Sciences. They contain a large amount of phys-
ical information, which permits the full understanding of

physical reality.

5.2 The law of selfvariations

The conclusions derived in the previous paragraphs refer to
the surrounding spacetime of the material particle. These
conclusions are grounded on the second proposition-axiom
of the theory of selfvariations, which states that

dS 2 = 0. (263)

This proposition is equivalent to the relation ∥υ∥ = c
which holds in every inertial system of reference.

In figure 4 the rest mass m0 and the electric charge q of
the material particle act at point A(x, y, z, t) with the value
they acquired at the moment w = t − r

c . Thus, we have that
m0 = m0(w) and q = q(w). For the relevant calculations and
proofs we have taken into consideration the axioms of the the-
ory of selfvariations, but we have not yet defined the rate of
evolution of their manifestation. In order to study the con-
sequences of the selfvariations we have to determine quanti-
tatively the first proposition-axiom of the theory of selfvaria-
tions.

Equation (263), combined with the first proposition-
axiom of the selfvariations, leads directly to the concept of
the “generalized photon”. The material particle emits gener-
alized photons, and each generalized photon carries energyE
and momentum P, in order to counterbalance the change in
energy and momentum that results from the selfvariations of
the rest mass of the material particle. If the material parti-
cle also carries electric charge, then the generalized photon
carries electric charge as well, in order to counterbalance the
variation of the electric charge of the material particle due to
the selfvariations.

The rate of evolution of the selfvariations is determined
axiomatically with the help of the total energy Es and the total
momentum Ps, which is emitted simultaneously and in all
directions by the material particle, according to the following
proposition-axiom: “The rest mass m0 and the electric charge
q of every material particle vary according to the action of the
operators

∂

∂t
→ − i
ℏ

Es ∇ → i
ℏ

Ps (264)

where Es and Ps denote the total energy and total momentum
of the generalized photons emitted simultaneously by the ma-
terial particle in all directions, and ℏ = h

2π , where h is Planck’s
constant”.

Stated in the form of equations, relations (264) can be
written as

∂m0

∂t
= − i
ℏ

Esm0

∇m0 =
i
ℏ

Psm0

(265)
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and
∂q
∂t
= − i
ℏ

Esq

∇q =
i
ℏ

Psq.

(266)

In equations (265) and (266) we use the same symbol for
the energy Es and the momentum Ps. But these are not the
same physical quantities. In equations (265) the energy Es

and the momentum Ps counterbalance the consequences of
the selfvariations of the rest mass. In equations (266) they
counterbalance the consequences of the selfvariations of the
electric charge. Later, we shall modify equation (266) in or-
der to make this difference transparent.

The emission of generalized photons by the material par-
ticle comes about, initially, as a consequence of the principles
of conservation of energy, momentum and electric charge.
The operators given in relations (264) determine the relation
between the material particle and the generalized photons, in-
dependently from the principles of conservation. Equations
(265) and (266) express in a quantitative manner the law of
selfvariations.

According to the law of selfvariations the rest mass m0
and the electric charge q are functions of time t, as well as of
the position of the material particle

m0 = m0(Xp,Yp,Zp, t)
q = q(Xp,Yp,Zp, t).

(267)

The dependence of the rest mass and the electric charge,
not only on time, but also on the spatial position, is to be ex-
pected. Even if in some inertial frame of reference they only
depend on time, in another inertial frame of reference they
will also depend on the position, according to the Lorentz-
Einstein transformations.

From equation (200), and for u = 0, we take that Ps = 0,
so that the second equation of the couple of equations (265)
gives ∇m0 = 0, whereas the first equation can be written as

dm0

dt
= − i
ℏ

E0m0

ṁ = − i
ℏ

E0m0

E0 = iℏ
ṁ0

m0
. (268)

Here, we denote the differentiation with respect to time by
(•), and we set Es = E0 (the necessity of denoting Es = E0
will become apparent later on).

Furthermore, from the principle of conservation of energy
at the instant of emission of the generalized photons, we ob-
tain that

(m0c2 + E0)• = 0. (269)

Combining equations (268) and (269) we arrive at equa-
tion (

m0c2 + iℏ
ṁ0

m0

)•
= 0. (270)

Equation (270) both contains as physical information, and
justifies, the whole corpus of the current cosmological obser-
vational data, as described in paragraph 7.

5.3 The “percentage function” Φ

The law of selfvariations expresses the total interaction of the
generalized photons, which are emitted simultaneously by the
material particle, with its rest mass and electric charge. How-
ever, in a particular direction υ

c , the material particle emits
generalized photons of energy E and momentum P. There-
fore, we have to derive quantitatively the partial contribution
of a single generalized photon of energy E and momentum P
to the law of selfvariations.

We have to answer the following question:
“Which mathematical equation correlates the energy E

and the momentum P of a single generalized photon emit-
ted towards a particular direction υ

c , to the selfvariations of
the rest mass m0 and the electric charge q of the material par-
ticle?”

Thus, we are seeking the form of equations (265) and
(266) that correspond to a single generalized photon.

Based on the law of selfvariations, the answer to this
physical problem can only be given by the following state-
ment:

“The partial contribution of a single generalized photon to
the selfvariations of the rest mass m0 and the electric charge
q of the material particle is given by any mathematical ex-
pression which agrees with the operators defined in equations
(264). If we sum the contributions of the single general-
ized photons towards all directions, during their simultaneous
emission by the material particle, we have to end up with the
equations given in (265) and (266)”.

Considering this physical problem from its mathematical
aspect, we can choose arbitrarily any mathematical expres-
sion giving the partial contribution of a single generalized
photon according to the law of selfvariations, which satisfies
the operators (264). Then, we can compare the results ob-
tained by our particular choice with physical reality. On the
other hand, we can choose the mathematical expression tak-
ing into account some specific physical criteria beforehand.

A fundamental case for the partial contribution of a gen-
eralized photon according to the law of selfvariations arises
from the following observation: A single generalized pho-
ton counterbalances only a percentage of the total energy,
momentum and electric charge that result from the selfvari-
ations. Therefore, we must examine whether the contribution
of a single generalized photon to the law of selfvariations is
correlated with a percentage Φ of the rest mass m0 and elec-
tric charge q. In this case, the partial contribution to the law
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of selfvariations for a single generalized photon of energy E
and momentum P will be given by the set of equations

∂(Φm0)
∂t

= − i
ℏ

Em0

∇(Φm0) =
i
ℏ

Pm0

(271)

∂(Φq)
∂t

= − i
ℏ

Eq

∇(Φq) =
i
ℏ

Pq.
(272)

Summing in all directions of emission of generalized pho-
tons in the first equation of the set of equations (271), we ob-
tain relations ∑ ∂(Φm0)

∂t
= − i
ℏ

∑
Em0

∂

∂t

(∑
Φm0

)
= − i
ℏ

m0

∑
E

∂

∂t

(
m0

∑
Φ
)
= − i
ℏ

m0

∑
E.

Since it holds that
∑

E = Es and the total percentage of
the contributions is 1, that is

∑
Φ = 1, we get

∂m0

∂t
= − i
ℏ

m0Es.

This is the first equation of the set of equations (265).
Also, from the second equation of the set of equations

(271) we obtain relations∑
∇(Φm0) =

i
ℏ

∑
Pm0

∇
(∑

(Φm0)
)
=

i
ℏ

m0

∑
P

∇
(
m0

∑
Φ
)
=

i
ℏ

m0

∑
P.

Since
∑
Φ = 1 and

∑
P = Ps, we see that

∇m0 =
i
ℏ

m0 Ps.

This is the second of the equations given in (265).
We can perform the same procedure for equations (272)

as well. Therefore, a single generalized photon can contribute
to the selfvariation with a percentage Φ of the rest mass or
the electric charge, and then this contribution is expressed by
equations (271) and (272).

From equations (271) we obtain

Φ
∂m0

∂t
+ m0

∂Φ

∂t
= − i
ℏ

Em0

Φ∇m0 + m0∇Φ =
i
ℏ

Pm0.

From equations (169) we also obtain

Φ
1

1 − υ · u
c2

∂m0

∂w
+ m0

∂Φ

∂t
= − i
ℏ

Em0

−Φ 1

1 − υ · u
c2

∂m0

c∂w
υ

c
+ m0∇Φ =

i
ℏ

Pm0.

Eliminating from the equations the quantity m0, we obtain

1

1 − υ · u
c2

∂m0

m0∂w
+
∂Φ

∂t
= − i
ℏ

E

− 1

1 − υ · u
c2

∂m0

m0c∂w
υ

c
+ ∇Φ = i

ℏ
P.

Finally, we arrive at the set of equations

E = Φ
iℏ

1 − υu
c2

∂m0

m0∂w
+ iℏ
∂Φ

∂t

P = Φ
iℏ

1 − υu
c2

∂m0

m0c∂w
υ

c
− iℏ∇Φ.

(273)

The functionΦ can be any mathematical function, defined
on the material particle and obeying relation∑

Φ = 1 (274)

However, it has to be considered a function depending on
the direction in space, since this is implied by the summation
given in equation (274).

According to the operators defined in (264), the continu-
ous evolution of the selfvariations with the passage of time is
assured by the condition

Es , 0. (275)

This condition is a straightforward consequence of the
first proposition-axiom of the theory of selfvariations.

We are seeking now to derive the relation between the
total momentum Ps and the total energy Es. According to
equation (200) this relation can be written as

Ps = Es
u
c2 . (276)

Here, u denotes the velocity of the material particle at the
moment of the emission of the generalized photons.

This relation has to be reconsidered for the following rea-
son: During the proof of this relation in paragraph 4.3, we
have taken into consideration equation (168), that is equation

J = D
υ

c2 .
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This equation presupposes the validity of the condition

P = E
υ

c2 (277)

for every single generalized photon emitted towards any di-
rection defined by υc , as depicted in figure 6. However, equa-
tions (273) reveal a more complex, and certainly different re-
lation, between the momentum P and the energy E of a single
generalized photon. Therefore, we have to reconsider the va-
lidity of equation (276), since we cannot base its proof on
equation (277). As we shall see immediately, equation (276)
is of general validity, and is compatible with the set of equa-
tions (273).

We consider a material point particle at rest, as depicted
in figure 7. In order for this particle to remain at rest, the total
momentum emitted simultaneously and towards all directions
has to vanish, that is

P
′

s = 0. (278)

If the case were different, the material particle would un-
dergo an arbitrary motion, as a consequence of the princi-
ple of conservation of momentum. From equation (278), and
from the set of transformations (164) for the total energy Es

and the total momentum Ps, we arrive at equation (276).
Thus, we have

Es = γ
(
E
′
s + uP

′
sx

)
Psx = γ

(
P
′
sx +

u
c2 E

′

s

)
Psy = P

′
sy

Psz = P
′
sz.

Since, according to equation (278) it holds that(
P
′

sx, P
′

sy, P
′

sz

)
= (0, 0, 0) ,

we obtain the following relations

Es = γE
′
s

Psx = γE
′
s

u
c2

Psy = 0

Psz = 0.

We also have that u =

 u
0
0

, thus we obtain

Es = γE
′
s

Ps = γE
′
s

u
c2 .

Finally, we have

Es = γE
′
s

Ps = Es
u
c2 .

This is equation (276). Furthermore, we also obtain equa-
tion

Es = γE
′

s = γE0 =
E0√

1 − u2

c2

. (279)

Here, we denote
E
′

s = E0. (280)

A material particle at rest can emit generalized photons
of different energies for different directions. If the gener-
alized photons emitted in opposite directions have opposite
momenta, the material particle will remain at rest. But the
momentum of a generalized photon can also be balanced by
two other generalized photons emitted towards appropriate
directions and with appropriate energies. In reality, there is
an infinite number of combinations of emmision of general-
ized photons, with infinite combinations of energies and di-
rections of emission. In each of these cases where equation
(278) holds, the particle remains at rest. The case of emission
of identical generalized photons in all directions by a material
particle at rest is only one among the infinite number of cases
satisfying equation (278).

Therefore, by rotating the unit vector υ
′

c around the point
particle at rest, as depicted in figure 7, we expect a change in
the energy of the generalized photons. Exactly this is shown
by equations (273), while at the same time they highlight
the factors defining the energy and momentum of each sin-
gle generalized photon.

5.4 The accompanying particle

In the previous paragraph we proved equations (276) and
(279):

Ps = Es
u
c2

Es =
E0√

1 − u2

c2

. (281)

Equations (281) show that the total energy and momen-
tum emitted simultaneously and in all directions by the ma-
terial particle behaves as a particle moving with velocity u,
and accompanying the material particle. There is a definite
correspondence between equations (281) and equations

P = mu

m =
m0√
1 − u2

c2
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which give the momentum P and the mass m of the material
particle.

According to equations (281), the accompanying particle
has rest energyE0. This is the rest energy E

′
s from equation

(280). Therefore, the accompanying particle has a rest mass
given by E0

c2 .
According to the first proposition-axiom of the theory of

selfvariations, the rest mass E0
c2 of the accompanying particle

changes with the passage of time. Hence, we seek the coun-
terparts of equations (265), which define the rate of change of
the rest mass E0

c2 , or equivalently the rest energy E0. As such,
we obtain the corresponding form of equations (265)

∂E0

∂t
=

i
ℏ

mc2E0 =
i
ℏ
γm0c2E0 =

i
ℏ

m0c2√
1−u2

c2

E0

∇E0=−
i
ℏ

muE0=−
i
ℏ
γm0uE0=−

i
ℏ

m0√
1−u2

c2

uE0.

(282)

Equations (265) describe the effect of the generalized
photons on the rest mass of the material particle. In nature,
though, effects are always mutual. Hence, just as the general-
ized photons affect the material particle, the material particle
in turn affects the generalized photons, and these mutual in-
teractions must occur in the framework of the same physical
law. Therefore, from the outset the issue arises of the ex-
istence of a rest mass concealed within the operators (264),
and of a corresponding equation symmetrical to (265). The
quest for the partial contribution of a single generalized pho-
ton to the law of selfvariations revealed the existence of the
rest mass E0

c2 and equations (282). The existence of the rest
mass E0

c2 is predicted by the initial equations we formulated
for the macrocosmic scales, through equation (200).

A large part of the predictions of the theory of selfvari-
ations can be made without the aid of equations (282). For
example, the justification of the observational cosmological
data can be obtained from (270), which is proven indepen-
dently without resorting to equations (282). The same holds
for equations (273). However, the accompanying particle is a
direct consequence of the selfvariations. Indeed, if we com-
bine the second of equations (281) with relation (275) we see
immediately that

E0 , 0. (283)

The rest mass E0
c2 of the accompanying particle cannot

vanish. Therefore, in order to study the consequences of the
selfvariations in their totality, we have to take into account
the existence and the properties of the accompanying parti-
cle. In nature there is always the system “material particle-
accompanying particle”.

Let M0 be the rest mass of the system “material particle-

accompanying particle”, given by

M0 = m0 +
E0

c2 . (284)

We have that

∂M0

∂t
=
∂

∂t

(
m0 +

E0

c2

)
∂M0

∂t
=
∂m0

∂t
+
∂E0

c2∂t
.

Using the first equations of the sets of equations given in
(265) and (266), we obtain relation

∂M0

∂t
= − i
ℏ

Esm0 +
i
ℏ
γm0E0.

And using equation (279) we get

∂M0

∂t
= − i
ℏ
γE0m0 +

i
ℏ
γm0E0

∂M0

∂t
= 0.

(285)

Similarly, using the second equations of the sets of equa-
tions (265) and (282) we have that

∇M0 = 0. (286)

From equations (285) and (286) we conclude that the rest
mass M0 of the system “material particle-accompanying par-
ticle” is a physical quantity not affected by the process of
the selfvariations. Therefore, we can use the rest mass M0
and the rest energy M0c2 as a unit of measurement of mass
and energy, respectively. By this approach we circumvent the
methodological problems stemming from the principle of the
“internality of the universe with respect to the measurement
procedure”, as stated in paragraph 4.9.

The quantitative mathematical description of physical re-
ality depends on our ability to include in our equations the
consequences of the internality of the universe to the mea-
surement procedure. In the macrocosmic scales there is a very
simple way to accomplish this, as described in paragraph 7.
In the microcosmic scale we use as units of measurement of
mass and energy the quantities M0 and M0c2, respectively.

We rewrite now equations (265) in the form

∂

∂t

(
m0

M0

)
= − i
ℏ

Es

(
m0

M0

)
∇

(
m0

M0

)
=

i
ℏ

Ps

(
m0

M0

)
.

(287)

These equations have the exact same physical content as
equations (265). They give the rate of change of the rest mass
m0, since the rest mass M0 is not affected by the selfvaria-
tions, according to equations (285) and (286). At the same
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time, these equations highlight the action of the operators
(264) on the complex number m0

M0
∈ C, since the complex unit

i appears within the expressions of the operators. The same
procedure can be repeated for the case of equations (282) as
well, by introducing the number E0

M0c2 ∈ C, and for the whole
list of equations we have stated.

The accompanying particle has rest mass of magnitude
E0
c2 , which comes from the sum of the contributions of the gen-
eralized photons emitted simultaneously by the material par-
ticle. This is the physical content of equations (281). There-
fore, the mechanism through which the selfvariations occur
plays a fundamental role for the determination of the physical
properties of the accompanying particle, and eventually for
the physical properties of the actual system “material particle-
accompanying particle”.

5.5 The symmetrical law for the electric charge

From the study already conducted in paragraph 4.2 it follows
that the generalized photons counterbalancing the selfvaria-
tion of the electric charge q carry electric charge. Therefore,
the physical object resulting from their aggregation carries
electric charge qi.

The law of the selfvariations for the electric charge q is
given by equations (266)

∂q
∂t
= − i
ℏ

Esq

∇q =
i
ℏ

Psq.
(288)

In these equations we denote with Es and Ps the total en-
ergy and momentum emitted by the material particle simulta-
neously in all directions, and which counterbalances the vari-
ations in energy resulting from the selfvariation of the elec-
tric charge. Although we have kept the same notation, these
quantites are not the same as the ones appearing in equations
(265).

In order to repeat the study conducted for the rest mass
for the case of the electric charge, we have to define the equa-
tions symmetrical to (266). That is, we have to formulate the
counterparts of equations (266) for the electric charge qi.

The law of selfvariations for the electric charge (288) has
to be modified so that it will define the interaction of the elec-
tric charges q and qi, exactly as the law stated in equation
(265) determines the interaction of the rest masses m0 and
E0
c2 . Therefore, the second part of equation (288) has to be ex-
pressed such that the electric charge qi appears. This can only
be accomplished by the introduction of an electric potential V
through equation

Es = Vqi. (289)

With this notation, and taking into account equation

(276), equations (288) can be written as

∂q
∂t
= − i
ℏ

Vqiq

∇q =
i
ℏ

Vqi
u
c2 q.

(290)

Equations (290) and (288) have the same physical con-
tent, if and only if the electric potential V is independent of
the selfvariations.

Starting from equation (290), we can also deduce all
equations inferred in the previous paragraphs for the rest
mass, except now for the electric charge. The proof follows
similar paths, and we shall note repeat it here in full.

Firstly, it can be deduced that the potential V can be writ-
ten in the form

V = γV0 =
V0√

1 − u2

c2

. (291)

The potential V0 stays invariant under the action of the
Lorentz-Einstein transformations, and is independent of the
selfvariations. The corresponding expressions of equations
(268) and (270) are

qiV0 = iℏ
q̇
q(

q +
iℏ
V0

q̇
q

)•
= 0.

(292)

The corresponding equations to the ones given in (273)
for the generalized photon, can be formulated as

E = Φ
iℏ

1 − υ · u
c2

∂q
q∂w
+ iℏ
∂Φ

∂t

P = Φ
iℏ

1 − υ · u
c2

∂q
qc∂w

υ

c
− iℏ∇Φ.

(293)

The corresponding equations to the equations (282), that
is, the corresponding form of the law expressed in (290), are

∂qi

∂t
=

i
ℏ
γV0qqi

∇qi = −
i
ℏ
γV0q

u
c2 qi.

(294)

The corresponding relation to relation (283) is

qi , 0. (295)

The corresponding expression of equation (284), that is,
the electric charge Q of the system “material particle-accom-
panying particle” is

Q = q + qi. (296)
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The corresponding equations to equations (285) and (286)
take the form

∂Q
∂t
= 0

∇Q = 0.
(297)

The electric charge Q is not affected by the selfvariations.

5.6 Fundamental study of the generalized photon

In paragraph 4 we studied the consequences of the selfvaria-
tions in the surrounding spacetime of the material particle. In
that study we considered the validity of equation (168)

J = D
υ

c2

which presupposes the validity of equation

P = E
υ

c2 (298)

for the generalized photon.
We know by now that the energy E and the momentum

P of the generalized photon are not correlated through the
simple relation (298). For the generalized photon that results
from the selfvariation of the rest mass, equations (273) hold

E = Φ
iℏ

1 − υ · u
c2

∂m0

m0∂w
+ iℏ
∂Φ

∂t

P = Φ
iℏ

1 − υ · u
c2

∂m0

m0c∂w
υ

c
− iℏ∇Φ.

(299)

For the generalized photon that results from the selfvaria-
tion of the electric charge, equations (293) hold

E = Φ
iℏ

1 − υ · u
c2

∂q
q∂w
+ iℏ
∂Φ

∂t

P = Φ
iℏ

1 − υ · u
c2

∂q
qc∂w

υ

c
− iℏ∇Φ.

(300)

Equations (299) and (300) lead to a completely different
relation from (298), between the energy E and the momentum
P of a generalized photon.

We will study the generalized photon, as given in equa-
tions (299). The study of equations (300) is exactly the same.

The percentage-function Φ depends on the direction υ
c

and can, therefore, be written as Φ = Φ (δ, ω), and can also
depend on the moment, w = t − r

c , of emission of the general-
ized photon, so that

Φ = Φ (w, δ, ω) . (301)

From the first of equations (299) we have

E = Φ
iℏ

1 − υ · u
c2

∂m0

m0∂w
+ iℏ
∂Φ

∂t

and with equation (301), we get

E = Φ
iℏ

1 − υ · u
c2

∂m0

m0∂w
+ iℏ

(
∂Φ

∂w

∂w

∂t
+
∂Φ

∂δ

∂δ

∂t
+
∂Φ

∂ω

∂ω

∂t

)

and with equations (11), (41) and (42) we get

E = Φ
iℏ

1 − υ · u
c2

∂m0

m0∂w
+

+
iℏ

1 − υ · u
c2

(
∂Φ

∂w
− u · β

r
∂Φ

∂δ
− u · γ

r sin δ
∂Φ

∂ω

)
.

(302)

From the second of equations (299), we have

P = Φ
iℏ

1 − υ · u
c2

∂m0

m0c∂w
υ

c
− iℏ∇Φ

and with equation (301) we get

P = Φ
iℏ

1 − υ · u
c2

∂m0

m0c∂w
υ

c
− iℏ

(
∂Φ

∂w
∇w + ∂Φ

∂δ
∇δ + ∂Φ

∂ω
∇ω

)

and with equations (12), (51) and (52), we get

P = Φ
iℏ

1 − υ · u
c2

∂m0

m0c∂w
υ

c
+

+
iℏ

1 − υ · u
c2

∂Φ

∂w

υ

c2 −
iℏ
r
∂Φ

∂δ

 u · β
1 − υ · u

c2

υ

c2 + β

−
− iℏ

r sin δ
∂Φ

∂ω

 u · γ
1 − υ · u

c2

υ

c2 + γ

 .
(303)

We now denote

Ei = Φ
iℏ

1 − υ · u
c2

∂m0

m0∂w

Pi = Φ
iℏ

1 − υ · u
c2

∂m0

m0c∂w
υ

c

(304)
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EΦ = iℏ
∂Φ

∂t
=

iℏ

1 − υ · u
c2

∂Φ

∂w
− iℏu · β

r
(
1 − υ · u

c2

) ∂Φ
∂δ
−

− iℏu · γ

r
(
1 − υ · u

c2

)
sin δ

∂Φ

∂ω

PΦ = −iℏ∇Φ = iℏ

1 − υ · u
c2

∂Φ

∂w

υ

c2−

− iℏ
r
∂Φ

∂δ

 u · β
1 − υ · u

c2

υ

c2 + β

−
− iℏ

r sin δ
∂Φ

∂ω

 u · γ
1 − υ · u

c2

υ

c2 + γ

 .

(305)

With this notation, equations (302) and (303) can be writ-
ten as

E = Ei + EΦ
P = Pi + PΦ.

(306)

Combining equations (302) and (303), we obtain relation

P = E
υ

c2 −
iℏ
r
∂Φ

∂δ
β − iℏ

r sin δ
∂Φ

∂ω
γ (307)

relating the energy E and momentum P of the generalized
photon.

The energy-momentum pair (EΦ, PΦ) can be decomposed
into three partial pairs

Ew =
iℏ

1 − υ · u
c2

∂Φ

∂w

Pw =
iℏ

1 − υ · u
c2

∂Φ

∂w

υ

c2

(308)

Eδ = −
iℏu · β

r
(
1 − υ · u

c2

) ∂Φ
∂δ

Pδ = −
iℏ
r
∂Φ

∂δ

 u · β
1 − υ · u

c2

υ

c2 + β


(309)

Eω = −
iℏu · γ

r
(
1 − υ · u

c2

)
sin δ

∂Φ

∂ω

Pω = −
iℏ

r sin δ
∂Φ

∂ω

 u · γ
1 − υ · u

c2

υ

c2 + γ


(310)

EΦ = Ew + Eδ + Eω
PΦ = Pw + Pδ + Pω.

(311)

It is easy to prove that, in the case of constant-speed mo-

tion with velocity u =

 u
0
0

, each of the energy-momentum

pairs (Ei, Pi), (Ew, Pw), (Eδ, Pδ), (Eω, Pω) transforms auto-
nomously, independently of the rest, according to the
Lorentz-Einstein transformations. Furthermore, an invariant
amount of energy corresponds to each pair.

We shall calculate the four invariant amounts of energy. In
the same way, we can prove the independent Lorentz-Einstein
transformations of the four energy-momentum pairs.

From equation (305) we have

E2
i − c2 P2

i = E2
i − c2E2

i

( υ
c2

)2

and since υ2 = c2, we get

E2
i − c2 P2

i = 0. (312)

From equation (308) we have

E2
w − c2 P2

w = E2
w − c2E2

w

( υ
c2

)2

and from υ2 = c2, we get

E2
w − c2 P2

w = 0. (313)

From equation (309) we have

E2
δ − c2 P2

δ = −
ℏ2 (u · β)2

r2
(
1 − υ · u

c2

)2

(
∂Φ

∂δ

)2

+

+
c2ℏ2

r2

(
∂Φ

∂δ

)2
 u · β
1 − υ · u

c2

υ

c2 + β


2

and since it is u · β = 0, υ2 = c2,β2 = 1, we get

E2
δ − c2 P2

δ = −
ℏ2 (u · β)2

r2
(
1 − υ · u

c2

)2

(
∂Φ

∂δ

)2

+

+
ℏ2 (u · β)2

r2
(
1 − υ · u

c2

)2

(
∂Φ

∂δ

)2

+

(
cℏ
r
∂Φ

∂δ

)2

E2
δ − c2 P2

δ =

(
cℏ
r
∂Φ

∂δ

)2

. (314)

Similarly, from equations (310) we get

E2
ω − c2 P2

ω =

(
cℏ

r sin δ
∂Φ

∂ω

)2

. (315)
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From the transformations (127) we get

cℏ
r′
∂Φ

∂δ′
=

cℏ

γr
(
1 − u

c
cos δ

) ∂Φ
∂δ
γ
(
1 − u

c
cos δ

)

cℏ
r′
∂Φ

∂δ′
=

cℏ
γr
∂Φ

∂δ
. (316)

Therefore, the second part of equation (314) remains in-
variant according to the Lorentz-Einstein transformations.

From transformations (124) and (127) we have

cℏ
r′ sin δ′

∂Φ

∂ω′
=

cℏ

γr
(
1 − u

c
cos δ

) sin δ

γ
(
1 − u

c
cos δ

)
∂Φ

∂ω

cℏ
r′ sin δ′

∂Φ

∂ω′
=

cℏ
r sin δ

∂Φ

∂ω
. (317)

Therefore, the second part of equation (315) remains in-
variant under the Lorentz-Einstein transformations.

From equation (307) we can calculate the total invariant
energy of the generalized photon

E2 − c2 P2 = E2 − c2
(
E
υ

c2 −
iℏ
r
∂Φ

∂δ
β − iℏ

r sin δ
∂Φ

∂ω
γ

)2

and taking into consideration that the set of vectors υc ,β,γ
constitute an orthonormal basis, we get

E2 − c2 P2 = E2 − E2 +

(
cℏ
r
∂Φ

∂δ

)2

+

(
cℏ

r sin δ
∂Φ

∂ω

)2

E2 − c2 P2 =

(
cℏ
r
∂Φ

∂δ

)2

+

(
cℏ

r sin δ
∂Φ

∂ω

)2

. (318)

According to equations (316) and (317), the second part
of equation (318) remains invariant under the Lorentz-
Einstein transformations.

We will now prove that:
“In the case of constant-speed motion with velocity

u =

 u
0
0

 ,
pairs (Ei, Pi) , (Ew, Pw) correspond to a flow of energy and
momentum into the surrounding spacetime. On the contrary,
pairs (Eδ, Pδ) and (Eω, Pω) correspond to a redistribution of
energy and momentum in the surrounding spacetime”.

From equation (109) together with the second of equa-
tions (308), we get

Pi · R =
iℏ

1 − υ · u
c2

∂m0

m0∂w

υ

c2 r
(υ

c
− u

c

)

Pi · R =
iℏ

1 − υ · u
c2

∂m0

m0c∂w
r
(
1 − υ · u

c2

)

Pi · R = iℏr
∂m0

m0c∂w

Pi ·
R
r
= iℏ

∂m0

m0c∂w
. (319)

Similarly, from equation (109) together with the second
of equations (308) we get

Pw ·
R
r
= iℏ
∂Φ

c∂w
. (320)

We conclude that both the momentum Pi, as well as the
momentum Pw, have a component along the direction of vec-
tor R, as depicted in Figure 6.

Combining equation (109) with the second of equations
(309), we get

Pδ · R = −
iℏ
r
∂Φ

∂δ

 u · β
1 − υ · u

c2

υ

c2 + β

 r
(υ

c
− u

c

)

and since υ2 = c2 and υ · β = 0, we obtain

Pδ · R = −iℏ
∂Φ

∂δ

 u · β
1 − υ · u

c2

υ

c2

(υ
c
− u

c

)
− u · β

c


Pδ · R = −iℏ

∂Φ

∂δ


u
c
β

1 − υ · u
c2

(
1 − υ · u

c2

)
− u · β

c


Pδ · R = 0. (321)

Similarly, from equation (109) and the second of equa-
tions (310) we get

Pω · R = 0. (322)

Both the momentum Pδ, and the momentum Pω, are ver-
tical to the vector R of Figure 6.

We will now prove that:
“The generalized photon carries intrinsic angular momen-

tum S, independent of the distance r. The component Su of
the intrinsic angular momentum S along the direction of the
motion of the material particle does not depend upon the ve-
locity u of the motion”.
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In Figure 4, the angular momentum S of the generalized
photon with respect to the (constant) point of emission
E

(
xp (w) , yp (w) , zp (w) , w

)
is

S = r × P

and with equation (6) written in the form

r =
r
c
υ

we get

S =
r
c
υ × P =

r
c
υ × (Pi + Pw + Pδ + Pω) . (323)

Denoting
Si =

r
c
υ × Pi

Sw =
r
c
υ × Pw

Sδ =
r
c
υ × Pδ

Sω =
r
c
υ × Pω

(324)

equation (323) can be written as

S = Si + Sw + Sδ + Sω. (325)

From the first of equations (324) we have

Si =
r
c
υ × Pi

and with the second of equations (304) we get

Si = 0. (326)

From the second of equations (324) we have

Sw =
r
c
υ × Pw

and with the second of equations (308) we get

Sw = 0. (327)

From the third of equations (324) we have

Sδ =
r
c
υ × Pδ

and with the second of equations (309) we have

Sδ = −iℏ
∂Φ

∂δ

υ

c
×

 u · β
1 − υ · u

c2

υ

c2 + β


Sδ = −iℏ

∂Φ

∂δ

υ

c
× β

and since it is υc × β = γ, we get

Sδ = −iℏ
∂Φ

∂δ
γ. (328)

From the fourth of equations (324) we have

Sω =
r
c
υ × Pω

and with the second of equations (310) we get

Sω = −
iℏ

sin δ
∂Φ

∂ω

υ

c
×

 u · γ
1 − υ · u

c2

υ

c2 + γ


and since υc × γ = −β, we get

Sω =
iℏ

sin δ
∂Φ

∂ω
β. (329)

Equation (325) can now be written as

S =
iℏ

sin δ
∂Φ

∂ω
β − iℏ

∂Φ

∂δ
γ. (330)

We now calculate the component Su of the angular mo-
mentum S along the direction of motion of the material parti-
cle.

For u , 0 we have

Su =
u
∥u∥S

and with equation (330) we get

Su =
u
∥u∥

(
iℏ

sin δ
∂Φ

∂ω
β − iℏ

∂Φ

∂δ
γ

)
. (331)

For constant-speed motion with velocity u =

 u
0
0

, and

taking into consideration equations (35) and (36), we obtain
from equation (331)

S u =
iℏ

sin δ
∂Φ

∂ω
(− sin δ)

S u = −iℏ
∂Φ

∂ω
. (332)

In the case of constant-speed motion with velocity u =

 u
0
0

,
from the transformations of equations (124) ω′ = ω, we con-
clude that the angular momentum S u does not depend on the
inertial reference frame. Furthermore, it does not depend on
the angle δ, i.e. the angle formed between the direction of
emission υ

c of the generalized photon and the velocity u of
the material particle in Figure 6.

We will now study the changes in energy and momentum
that take place during the motion of the generalized photon
with velocity υ, after its emission by the material particle.
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From the fundamental mathematical theorem, specifically
from equation (86) for f = Ei, f = Ew, f = Eδ and f = Eω,
we have

∂Ei

∂t
+ υ · ∇Ei = c

∂Ei

∂r
∂Ew
∂t
+ υ · ∇Ew = c

∂Ew
∂r

∂Eδ
∂t
+ υ · ∇Eδ = c

∂Eδ
∂r

∂Eω
∂t
+ υ · ∇Eω = c

∂Eω
∂r

and with the first of equations (304), (308), (309) and (310),
we get

∂Ei

∂t
+ υ · ∇Ei = 0

∂Ew
∂t
+ υ · ∇Ew = 0

∂Eδ
∂t
+ υ · ∇Eδ = −

c
r

Eδ

∂Eω
∂t
+ υ · ∇Eω = −

c
r

Eω.

(333)

Similarly, after combining equations (87), (88), (89) with
the second parts of equations (304), (308), (309) and (310),
we get

∂Pi

∂t
+

(
grad Pi

)
υ = 0

∂Pw
∂t
+

(
grad Pw

)
υ = 0

∂Pδ
∂t
+

(
grad Pδ

)
υ = −c

r
Pδ

∂Pω
∂t
+

(
grad Pω

)
υ = −c

r
Pω.

(334)

From the equations of this paragraph we conclude that
there are physical quantities that do not depend on the dis-
tance r. Such physical quantities are the energy-momentum
pairs (Ei, Pi) and (Ew, Pw), as well as the angular momenta
S and S u. These quantities are defined for r = 0, that is, on
the material particle. On the contrary, the energy-momentum
pairs (Eδ, Pδ) and (Eω, Pω), as well as the rest energies cℏ

r
∂Φ
∂δ

and cℏ
r sin δ

∂Φ
∂ω

, are defined only in the surrounding spacetime of
the material particle, due to the appearance of the factor 1

r .
Furthermore, they vanish for r → +∞, while they attain large
values for small values of r, i.e. close to the material particle.

5.7 The simplest case of a generalized photon

The simplest generalized photon arises in the case where the
percentage Φ is constant:

∂Φ

∂t
= 0

∇Φ = 0.
(335)

In this case, equations (299) and (300) are rewritten, re-
spectively

E = Φ
iℏ

1 − υ · u
c2

∂m0

m0∂w

P = Φ
iℏ

1 − υ · u
c2

∂m0

m0c∂w
υ

c

(336)

E = Φ
iℏ

1 − υ · u
c2

∂q
q∂w

P = Φ
iℏ

1 − υ · u
c2

∂q
qc∂w

υ

c
.

(337)

From the second of equations (335) we obtain

∇Φ = 0

and from equation (301) we get

∂Φ

∂w
∇w + ∂Φ

∂δ
∇δ + ∂Φ

∂ω
∇ω = 0

and from the linear independence of the vectors ∇w,∇δ,∇ω
(paragraph 2.5) we get

∂Φ

∂w
= 0

∂Φ

∂δ
= 0

∂Φ

∂ω
= 0.

(338)

Replacing equations (338) into the equations of the last
paragraph causes the energy-momentum pairs

(Ew, Pw) , (Eδ, Pδ) , (Eω, Pω)

to become zero, the angular momentum S becomes zero, and
so do the rest energies cℏ

r
∂Φ
∂δ

and cℏ
r sin δ

∂Φ
∂ω

. The energy-mo-
mentum pair (Ei, Pi), as given by equations (336), does not
become zero. Therefore, the generalized photon is defined
for r = 0, i.e. on the material particle.

We shall now prove that the interaction of the material
particle with every generalized photon is instantaneous dur-
ing the moment w of the emission of the generalized photon.
More specifically, we shall prove that the generalized photon
keeps its energy E and moment P constant, after its emission
by the material particle.

From equation (86) of the fundamental mathematical
theorem, and for f = E, we have

∂E
∂t
+ υ · ∇E = c

∂E
∂r
. (339)

From the first of equations (336), and since it holds that
m0 = m0 (w), we get

∂E
∂r
= 0 (340)
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and from equation (339) we see that

∂E
∂t
+ υ · ∇E = 0. (341)

From equation (341) we conclude that the energy E of the
generalized photon remains constant during its motion with
velocity υ, after its emission by the material particle.

Combining equations (336) we obtain relation

P = E
υ

c2 (342)

between the momentum P and energy E of the generalized
photon.

From equation (87) for f = E
c , we obtain

∂

∂t

(
E
υ

c2

)
+

(
grad

(
E
υ

c2

))
υ =
υ

c
∂E
∂r

and with equations (340) and (342) we get

∂P
∂t
+

(
grad P

)
υ = 0. (343)

From equation (343) we conclude that the momentum P
of the generalized photon remains constant during its motion
with velocity υ, after its emission by the material particle.

According to equations (341) and (343), the generalized
photon does not exchange energy and momentum with the
material particle after its emission. The interaction between
the material particle and every generalized photon takes place
instantaneously at the moment of emission of the generalized
photon. Furthermore, according to equation (342), there is a
continuous flow of generalized photons moving with velocity
υ, from the material particle into the surrounding spacetime,
on the condition, of course, that the percentage Φ remains
constant.

We can undertake a similar study for the generalized pho-
ton resulting from the selfvariation of the electric charge. It
suffices to replace equations (336) with equations (337) in the
above study.

5.8 The cosmological data “condensed” into a single
equation

In the inertial frame of reference S ′, where the material par-
ticle is at rest, the first of equations (350) can be written as

E′ = Φiℏ
∂m0

m0∂w′
+ iℏ
∂Φ

∂t′
. (344)

Summing in all directions of emission of generalized pho-
tons, and taking into consideration that

∑
E′ = E0 and

∑
Φ =

1, from equation (344) we obtain

E0 = iℏ
∂m0

m0∂w′
. (345)

During the emission of the generalized photons by the
material particle it is r′ = 0, and equation (3) can be writ-
ten as w′ = t′, therefore we get ∂m0

∂w′ =
dm0
dw′ =

dm0
dt′ = ṁ0, and

equation (345) can be written as

E0 = iℏ
ṁ0

m0
(346)

which is equation (268).
In the inertial reference frame S ′, where the material par-

ticle is at rest, and for r′ = 0, hence for w′ = t′, the first of
equations (282) can be written as

Ė0 =
i
ℏ

m0c2E0. (347)

Eliminating the rest energy E0, we get(
iℏ

ṁ0

m0

)•
= i
ℏ
m0c2iℏ

ṁ0

m0(
iℏ

ṁ0

m0

)•
= −ṁ0c2

(
iℏ

ṁ0

m0
+ m0c2

)•
= 0 (348)

which is equation (270).
In paragraph 5.2 we derived equation (270) by combining

equation (346) with the principle of conservation of energy.
In the derivation we conducted in this paragraph we combined
equation (346) with the symmetric law (282). Furthermore,
from the derivation procedure we have followed, it becomes
obvious that the percentage-function Φ does not play any role
in equation (348), i.e. in equation (270).

If we borrow equation (394), E0 = iℏH, from paragraph
7, and combine it with equation (346), we obtain ṁ0

m0
= H ∼

2 × 10−18s−1. In the cosmological data we observe the conse-
quences of the real increase of the rest masses of the material
particles, which takes place at an extremely slow rate.

In paragraph 7 the differential equation (348) is solved.
As we shall see, this equation contains as information the to-
tality of the cosmological data. The cosmological data are
“condensed” within a single equation.

5.9 The generalized particle

From the previous study it becomes evident that the selfvari-
ations correlate every material particle with the surrounding
spacetime. Fundamental physical characteristics of the ma-
terial particle, like the rest mass and the electric charge, are
correlated with spacetime. Furthermore, each material parti-
cle contributes to the energy content of spacetime in a strictly
defined manner.

The relation between the material particle and the sur-
rounding spacetime is determined by two fundamental physi-
cal objects predicted by the theory of selfvariations: the gen-
eralized photon and the accompanying particle. These two
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physical objects are related to each other since the accompa-
nying particle results from the aggregation of the generalized
photons. All the equations we have stated in the preceding
paragraphs and preceding paragraphs, concern the relation of
the material particle either with the generalized photon, or
with the accompanying particle.

In the surrounding spacetime of the material particle, and
for each generalized photon, we know exactly what is ex-
pressed by equation (263), dS 2 = 0: the generalized photon
moves with velocity υ of magnitude ∥υ∥ = c in every inertial
frame of reference. According to the second statement-axiom
we have posed, equation dS 2 = 0 also holds for the accompa-
nying particle, which, as an aggregation of generalized pho-
tons, is related with the propagation of the selfvariations in
the four-dimensional spacetime. The question then arises, as
to how equation dS 2 = 0 is expressed in the part of spacetime
where the generalized photons aggregate.

The accompanying particle has rest energy E0 and, there-
fore, rest mass E0

c2 , 0. The combination dS 2 = 0 and
E0
c2 , 0 renders the accompanying particle an intermediate
state between “matter” and the “photon”. It is a completely
new physical object predicted by the theory of selfvariations,
which introduces us into an unknown territory of physical re-
ality. The first question we have to answer is how do the
relations dS 2 = 0 and E0

c2 , 0 become compatible with each
other.

About the intermediate state of matter we can give the
following interpretation:

The aggregation of the generalized photons implies the
co-incidence of different points (dS 2 = 0) in the part of space-
time where the aggregation takes place. This interpretation is
in agreement with the strict application of the axioms of the
theory of selfvariations.

At this point we are required to make two observations
about the relation of the theory of selfvariations with the the-
ory of relativity. These observations have to do with the rela-
tion between the energy content and the properties of space-
time.

For the derivation of the Lorentz-Einstein transformations
we consider two observers who exchange signals moving
with velocity c. If we consider the exchange of signals mov-
ing with a different velocity, for example acoustic signals,
we end up with different transformations. Judging by the re-
sult, both on theoretical, and on experimental grounds, we
know that the transformations derived by the first method are
correct, whereas the transformations derived by the second
method are wrong.

The theory of selfvariations predicts the generalized pho-
ton in the surrounding spacetime of the material particles.
There is a continuous exchange of generalized photons be-
tween the material particles, in other words, a continuous
exchange of signals moving with velocity c. The exchange
of signals with velocity c is not simply a hypothesis we can

make for the derivation of the Lorentz-Einstein transforma-
tions, but a continuous physical reality. Therefore, the theory
of selfvariations strengthens the theoretical background of the
special theory of relativity.

The general theory of relativity correlates the properties
of spacetime with its energy content. The theory of self-
variations gives us the detailed contribution of each mate-
rial particle to the energy content of spacetime. In the part
of spacetime where the aggregation of generalized photons
takes place, the material particle interacts with the accom-
panying particle. This interaction concerns a strictly distinct
subset of the total energy content of spacetime. While we as-
sume a unified spacetime, whose properties are defined by its
total energy content, each particle interacts and is correlated
with only a subset of the energy content of spacetime. In re-
ality, every material particle occupies its “own” spacetime.
For every material particle the properties of its “own” space-
time are determined by the generalized photons with which
it interacts. Therefore, the co-incidence of different points of
spacetime concerns the accompanying particle for every ma-
terial particle, and does not constitute a general property of
spacetime.

The law of selfvariations has been stated based on the ac-
companying particle. Relation (264), in combination with the
symmetric laws (282) and (290), expresses the continuous in-
teraction of the rest mass m0 and the electric charge q of the
material particle with the energy E0 of the accompanying par-
ticle. Therefore, we cannot refer just to the material particle,
or just to the accompanying particle. What exists in nature is
the system of the two particles, which behaves as a “general-
ized particle” that occupies a part of spacetime.

The co-incidence of different points in the part of space-
time occupied by the generalized particle alters the trajecto-
ries and velocities of the generalized photons compared to
the strictly defined trajectories and velocities we studied in
the preceding paragraphs. In the case of co-incidence of all
points belonging to this part of spacetime, the concepts of
trajectory and velocity of the generalized photons loose their
meaning. The trajectory and velocity of the material particle
will suffer the same consequences, if the material particle be-
longs to the part of spacetime where the aggregation of the
generalized photons takes place.

In Figures 4 and 6 imagine that, for the material particle,
the points of spacetime within the interior of a sphere of cen-
tre E and radius r coincide. The physical object in the interior
of the sphere constitutes a generalized particle with a specific
rest mass. In every point of the spherical surface, the gener-
alized photon moves with velocity υ of magnitude ∥υ∥ = c.
None of the axioms of special relativity and of the theory of
selfvariations are violated. Furthermore, the co-incidence of
different points of spacetime within the interior of the sphere,
concerns the material particle, and does not constitute a gen-
eral property of spacetime.

The investigation of the internal structure and physical
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properties of the generalized particle is the central issue for
the theory of selfvariations. We have to answer specific ques-
tions regarding the generalized particle, and develop specific
methods for the study of its physical properties.

A fundamental question concerns the distribution of the
total rest mass M0 of the generalized particle, between the
material particle (m0) and the accompanying particle

(
E0
c2

)
. Of

equal importance is the size of the portion of spacetime occu-
pied by the generalized particle.

A basic method for the study of the generalized particle
is the elimination of the velocity, which also represents the
trajectory, from the equations of the theory of selfvariations.
It is not the only method, though. In the following paragraph
we present the basic study for the generalized particle.

6 The quantum phenomena as a consequence of the
selfvariations

6.1 Introduction

The intermediate state between “matter” and “photon” pre-
dicted by the theory of selfvariations, is responsible for the
quantum phenomena. The study of the generalized photon
leads to the Schrödinger and the Klein-Gordon equations, as
well as to the wave equation of Maxwell’s theory of electro-
magnetism.

The elimination of the kinematic characteristics of the
material particle from the equations of the selfvariations,
emerges as the fundamental method for the study of the gen-
eralized particle and, eventually, of quantum phenomena.
This is what is actually done by all the theories developed
during the last century in order to interpret quantum phenom-
ena.

The basic method for the study of the generalized particle
is complemented by the percentage-function Φ. The Φ func-
tion has to do with the generalized photon and, by extension,
with the generalized particle. Furthermore, it is related with
the interactions of the material particles. Function Φ inex-
tricably links the quantum phenomena with the interactions
of the material particles. The investigation of its properties
furthers the theory of selfvariations beyond the bounds of the
present edition.

6.2 The distribution functions of the rest mass

According to equation (284)

M0 = m0 +
E0

c2 (349)

the rest mass M0 of the generalized particle is equal to the
sum of the rest masses of the material particle (m0) and the
accompanying particle

(
E0
c2

)
. One way of studying the inner

structure of the generalized particle is to study how the rest
mass M0 is distributed to each of the two particles. Knowing
the sum of the rest masses m0 and E0

c2 , it suffices to calculate

one of the “distribution functions”, that is, one of the complex
numbers X = m0

M0
, Ψ = E0

M0c2 , Z = m0c2

E0
.

But it is

X + Ψ =
m0c2

M0c2 +
E0

M0c2 =
m0c2 + E0

M0c2

and with equation (349) we get X + Ψ = 1. Therefore, it
suffices to study either function Ψ

Ψ =
E0

M0c2 (350)

or function Z

Z =
m0c2

E0
(351)

in order to determine the distribution of the rest mass M0 into
m0 and E0

c2 .
Initially, we will study the effects of the selfvariations on

the function Z. From equation (351) we have

∂Z
∂t
=

1
E0

∂m0c2

∂t
− m0c2

E2
0

∂E0

∂t

and with the firsts of equations (265) and (282) we get

∂Z
∂t
= − 1

E0

i
ℏ

Esm0c2 − m0c2

E2
0

i
ℏ
γm0c2E0

and with equation (279) we get

∂Z
∂t
= − 1

E0

i
ℏ
γE0m0c2 − m0c2

E2
0

i
ℏ
γm0c2E0

∂Z
∂t
= − i
ℏ

m0c2

E0
γ
(
m0c2 + E0

)
and with equation (349) we get

∂Z
∂t
= − i
ℏ

m0c2

E0
γM0c2

and with equation (351)

∂Z
∂t
= − i
ℏ
γM0c2Z. (352)

From equation (351) we obtain

∇Z =
1

E0
∇m0c2 − m0c2

E2
0

∇E0

and with the second of equations (265) and also (266) we get

∇Z =
1

E0

i
ℏ

Psm0c2 +
m0c2

E2
0

i
ℏ
γm0uE0

and with equation (276) we have

∇Z =
1

E0

i
ℏ

Es
u
c2 m0c2 +

m0c2

E2
0

i
ℏ
γm0uE0.
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Using equation (279) we get

∇Z =
1

E0

i
ℏ
γE0

u
c2 m0c2 +

m0c2

E2
0

i
ℏ
γm0uE0

∇Z =
i
ℏ

m0c2

E2
0

γ
(E0

c2 + m0

)
u.

Through equation (349) we get

∇Z =
i
ℏ

m0c2

E2
0

γM0u

and with equation (351) we get

∇Z =
i
ℏ
γM0uZ. (353)

The differential equations (352) and (353) offer the advan-
tage that the rest mass M0 that appears on their second part,
does not depend on the selfvariations. On the other hand,
they also have a disadvantage. We do not know the additional
conditions we have to introduce for the rest mass M0 in order
to solve the system of differential equations (352) and (353).
These additional conditions are related to a more general in-
vestigation of the equations of the theory of selfvariations,
which is not included in the present edition.

We shall now study how the selfvariations affect function
Ψ. From equation (350) we have

∂Ψ

∂t
=
∂

∂t

(
E0

M0c2

)
and with equation (285) we obtain

∂Ψ

∂t
=

1
M0c2

∂E0

∂t

and with the first of equations (282) we get

∂Ψ

∂t
=

1
M0c2

i
ℏ
γm0c2E0

and from equation (350) we get

∂Ψ

∂t
=

i
ℏ
γm0c2Ψ. (354)

From equation (350) we have

∇Ψ = ∇
(

E0

M0c2

)
and with equation (286) we obtain

∇Ψ = 1
M0c2∇ (E0)

and using the second of equations (282) we get

∇Ψ = 1
M0c2

(
− i
ℏ
γm0uE0

)

and with equation (350) we arrive at

∇Ψ = − i
ℏ
γm0uΨ. (355)

The differential equations (354) and (355) have the advan-
tage that the rest mass m0 of the material particle appears in
their second part. This fact allows us to introduce additional
conditions in order to solve the system of differential equa-
tions (354) and (355). We present this study in the following
two paragraphs.

The distribution functions determine the distribution of
the rest mass of the generalized particle between the mate-
rial particle and the accompanying particle. For every point
A (x, y, z, t) in the part of spacetime where the generalized par-
ticle can reside, these distribution functions acquire specific
values. These values, in turn, define the values of the rest
masses m0 and E0

c2 .
The behavior of the generalized particle can be influenced

by any cause that interacts with the generalized particle in the
part of spacetime it occupies. An external cause can redis-
tribute the rest mass of the generalized particle, directing it
either to the material particle, or to the accompanying parti-
cle. In the first case, the generalized particle will behave as
a material particle with a well-defined trajectory, energy, etc.
In the second case, the generalized particle will spread out
in spacetime, while the consequences resulting from the ag-
gregation of the generalized photons will be strengthened and
intensified. We observe such a case in the double-slit experi-
ment for the electron and for material particles in general (we
assume that the reader is familiar with the double-slit experi-
ment).

The study of the distribution functions is a fundamental
goal in order to understand the behavior of the generalized
particle.

6.3 The Schrödinger equation

From equation (354) we have

∂2Ψ

∂t2 =
i
ℏ
γm0c2 ∂Ψ

∂t
+

i
ℏ
γc2Ψ

∂m0

∂t

and with equation (354) and the first of equations (265), we
get

∂2Ψ

∂t2 = −
γ2m2

0c4

ℏ2 Ψ +
i
ℏ
γc2Ψ

(
− i
ℏ

Esm0

)
and with equation (279) we get

∂2Ψ

∂t2 = −
γ2m2

0c4

ℏ2 Ψ +
i
ℏ
γc2Ψ

(
− i
ℏ
γE0m0

)
∂2Ψ

∂t2 = −
γ2m2

0c4

ℏ2 Ψ +
γ2m0c2E0

ℏ2 Ψ

∂2Ψ

∂t2 = −
γ2m0c4

ℏ2

(
m0 −

E0

c2

)
Ψ. (356)
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From equation (355) we have

∇2Ψ = − i
ℏ
γm0u∇Ψ − i

ℏ
γΨu∇m0

and with equation (355) together with the second of equations
(265), we get

∇2Ψ = −
γ2m2

0
u2

ℏ2 Ψ − i
ℏ
γΨu

( i
ℏ

Es
u
c2 m0

)
and with equation (279) we get

∇2Ψ = −
γ2m2

0
u2

ℏ2 Ψ − i
ℏ
γΨu

( i
ℏ
γE0

u
c2 m0

)
∇2Ψ = −

γ2m2
0
u2

ℏ2 Ψ +
γ2m0E0u2

c2ℏ2 Ψ

∇2Ψ = −γ
2m0u2

ℏ2

(
m0 −

E0

c2

)
Ψ. (357)

We now consider the case where the rest mass M0 is
mainly distributed to the material particle. This happens when∥∥∥∥∥ E0

m0c2

∥∥∥∥∥ << 1

or when
E0 → 0.

Under these conditions equation (357) can be written as

∇2Ψ = −
γ2m2

0
u2

ℏ2 Ψ. (358)

We will now eliminate the velocity u from equation (358),
within the framework of the analysis we performed in para-
graph 5.9 for the generalized particle. For small velocities u,
it is γ ∼ 1, and equation (358) can be written as

∇2Ψ = −
m2

0
u2

ℏ2 Ψ. (359)

Furthermore, denoting by ε the constant sum of the ki-
netic energy 1

2 m0u2 and the potential energy U = U (x, y, z)
of the material particle, we have

1
2

m0u2 + U = ε

u2 =
2 (ε − U)

m0
.

Replacing factor u2 into equation (359) we obtain

∇2Ψ = −2m0 (ε − U)
ℏ2 Ψ (360)

which is the time-independent Schrödinger wave-function.

From the initial conditions,
∥∥∥∥ E0

m0c2

∥∥∥∥ << 1 or E0 → 0, we
set, and from equation (349) we obtain m0 → M0, therefore
equation (360) can be written in the form

∇2Ψ = −2M0 (ε − U)
ℏ2 Ψ. (361)

From the derivation process we have followed it becomes
obvious that the Schrödinger equation only approximately de-
scribes the internal structure of the generalized particle.

6.4 The Klein-Gordon equation

The way in which we chose to eliminate the velocity from
equation (358) had as a consequence the appearance of the
potential energy U in Schrödinger’s equation (360). We will
now eliminate the velocity u from function Ψin a different
manner. Combining equations (356) and (357), we obtain

∂2Ψ

∂t2 − c2∇2Ψ =

−γ
2m0c4

ℏ2

(
m0 −

E0

c2

)
Ψ +
γ2m0c2u2

ℏ2

(
m0 −

E0

c2

)
Ψ

∂2Ψ

∂t2 − c2∇2Ψ = −γ
2m0c4

ℏ2

(
1 − u2

c2

) (
m0 −

E0

c2

)
Ψ

and since γ = 1√
1− u2

c2

, we get

∂2Ψ

∂t2 − c2∇2Ψ = −m0c4

ℏ2

(
m0 −

E0

c2

)
Ψ

∂2Ψ

∂t2 − c2∇2Ψ +
m0c4

ℏ2

(
m0 −

E0

c2

)
Ψ = 0. (362)

In the case where
∥∥∥∥ E0

m0c2

∥∥∥∥ << 1 or E0 → 0, equation (362)
can be written as

∂2Ψ

∂t2 − c2∇2Ψ +
m0c4

ℏ2 Ψ = 0 (363)

which is the Klein-Gordon equation. With the conditions we
posed, it follows that m0 → M0 in equation (363).

Of particular interest is the case m0 = 0, where from equa-
tion (362) we obtain

∂2Ψ

∂t2 − c2∇2Ψ = 0

∇2Ψ − ∂
2Ψ

c2∂t2 = 0. (364)

From equation (349) for m0 = 0 we get E0 = M0c2.
Therefore, all of the rest energy of the generalized particle
has shifted to the accompanying particle. Furthermore, we
get ∥Ψ∥ =

∥∥∥∥ E0
M0c2

∥∥∥∥ = 1. In every case we solve the differen-
tial equation (364), we should modify the final solution such
that the wave-like behavior of a scalar quantityΨ appears, for
which we demand that ∥Ψ∥ = 1.
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6.5 The central role of the percentage function Φ in the
internal structure and the physical properties of the
generalized particle

According to equations (302) and (303) the energy E and the
momentum P of a single generalized photon depends on the
percentage function Φ. Furthermore, according to equation
(330), the intrinsic angular momentum S of a single gener-
alized particle depends exclusively on the percentage func-
tion Φ. The generalized particle emerges in the part of space-
time where the aggregation of the generalized photons takes
place. Therefore, the percentage function Φ plays a funda-
mental role, both for the internal structure, as well as for the
physical properties of the generalized particle.

Function Φ allows the comprehension of the extent of the
portion of spacetime occupied by the generalized particle. In
paragraph 5.6 we determined the physical quantities that can
only be defined in the surrounding spacetime of the material
particle. These physical quantities are inversely proportional
to the distance r. Therefore, the space occupied by the gen-
eralized photon can extend to infinity, with the consequences,
of course, predicted by the corresponding equations for its en-
ergy, momentum, and angular momentum. Since each gener-
alized photon can extend to infinity, the same also holds for
the part of space where the aggregation of the generalized
photons takes place. Therefore, the generalized particle can
extend to infinity.

In the case of the simplest generalized photon, as we stud-
ied it in paragraph 5.7, there results an instantaneous interac-
tion of the material particle with the accompanying particle.
This interaction takes place at the instant of emission of the
generalized photon, exactly at the point where the material
point particle resides. Therefore, in this case the generalized
particle is a point particle.

In conclusion, we can say that the generalized particle can
extend from a point of spacetime up to an infinite distance
from the material particle. Furthermore, in each case, the ex-
tent of the part of spacetime in which the generalized particle
extends, is determined by the percentage function Φ.

For the derivation of the Schrödinger and the Klein-
Gordon equations, we based our investigation on equation
(349), M0 = m0+

E0
c2 . A fundamental piece of information, re-

lated with the function Φ, is missing from this equation. The
generalized photon carries rest energy, according to equations
(314) and (315), which depends on the functionΦ and the dis-
tance r. In other words, right from the start, the generalized
photon, and therefore the generalized particle, are correlated
with a rest energy in the surrounding spacetime of the ma-
terial particle. The rest mass corresponding to this rest en-
ergy does not appear in equation (349). For the same reason,
the angular momentum does not appear in the Schrödinger
and the Klein-Gordon equations, since the internal angular
momentum of the generalized photon depends exclusively on
function Φ, according to equation (330).

Function Φ expresses the potential of a material particle
to emit generalized photons of different energies for differ-
ent directions. Theoretically, we cannot predict exactly how
function Φ depends on the internal structure of the material
particle. Quite likely we can do this by performing some
measurements. But we can predict theoretically an impor-
tant factor on which function Φ depends, that results from the
continuous exchange of generalized photons between mate-
rial particles. This exchange of generalized photons is equiv-
alent to a variation of function Φ. According to equations
(302), (303) and (330), the energy, momentum and intrinsic
angular momentum of the generalized photon are exactly cor-
related with the variation of function Φ. We, therefore, come
to the conclusion that the quantum phenomena are interre-
lated with the interactions of the material particles, the con-
necting link being function Φ. Function Φ is related with the
interactions between material particles, but also with the en-
ergy of the generalized photons and, by extension, with the
generalized particle.

In paragraph 5.9 we referred to the fundamental method
for studying the generalized particle. We analyzed the reasons
for which we have to expunge the velocity from the equations
of the theory of selfvariations in order to study the internal
structure and the physical properties of the generalized parti-
cle. Of equal importance is the inclusion of function Φ in the
study of the generalized particle.

Observing the Schrödinger operators [22–26], as used in
quantum mechanics, we realize that the first consequence of
their use is the elimination of the kinematic characteristics of
the material particle from the resulting differential equations.
Function Φ does not appear in the final equations, since it
does not exist as a concept within the physical theories of the
last century. It is represented, though, by the physical quanti-
ties related with the interactions in which the material particle
participates, by the potential energy or the generalized mo-
mentum of the material particle. Analogous is the procedure
followed by Dirac [27] for the derivation of his eponymous
equation.

One of the questions about the generalized particle, to
which we deliberately did not refer in paragraph 5.9, is the
probability of finding the material particle at a specific mo-
ment, in a specific position in the part of spacetime occupied
by the generalized particle. There are many physical quan-
tities related with the Schrödinger operators. Judging by the
success of quantum mechanics, one way to study the gener-
alized particle is through statistical interpretation. We must
not forget, though, that a single cause suffices in order to shift
the rest energy of the generalized particle, either towards the
material particle, or towards the accompanying particle. One
and only cause is sufficient for the corpuscular or wave-like
behavior of the generalized particle to emerge.

By investigating the properties of function Φ or by mak-
ing concrete hypotheses regarding function Φ, we can extend
our study of quantum phenomena and the interactions of par-
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ticles. On the contrary, in paragraph 5.8 we showed that equa-
tion (348) does not depend on function Φ. This allows us to
solve it and investigate it completely. We present that study
in the next paragraph.

7 The cosmological data as a consequence of the
selfvariations

7.1 Introduction

The origin of matter is already recorded in the cosmological
observational data. We just lacked a fundamental piece of
information in order to decode it: the law of selfvariations.

The redshift of distant astronomical objects, the cosmic
microwave background radiation and the information
obtained by the analysis of this radiation, the increased lu-
minosity distances of supernovae, the large-scale, as well as
small-scale, structure of matter in the universe, the large-scale
isotropy and flatness of the universe, the slight variation of the
fine structure constant, and the arrow of time, all share the law
of selfvariations as a common cause.

The law of selfvariations contains as information the en-
tire corpus of the cosmological observational data, as we ob-
serve and record them since the time of Hubble. Behind the
barrage of interventions made in order to bring the Standard
Cosmological Model in agreement with the cosmological ob-
servational data, lies our ignorance about the fundamental law
of selfvariations. The physical theories of the past century do
not possess the necessary completeness in order to explain the
cosmological observational data.

The improved scientific observation instruments we pos-
sess record persistently, and with ever increasing detail, the
consequences of the law of selfvariations.

7.2 The fundamental equations

The cosmological data concern the observation of the Uni-
verse at long distances, that is, in the past. At a distant as-
tronomical object, located at a distance r from Earth, the rest
mass m0 (r) of a material particle in the past is smaller, com-
pared to the laboratory rest mass m0 of the same material par-
ticle we measure “now” on Earth. The electric charge q (r)
also differs from the laboratory value q of the electric charge
as measured “now” on Earth. We calculate the quantity m0 (r)
as a function of m0, and q (r) as a function of q. In this man-
ner, we incorporate into our equations the consequences re-
sulting from the internality of the Universe to the process of
measurement.

In the following, and using the known physical laws, we
determine the consequences of the selfvariations for distant
astronomical objects. Furthermore, we can determine the
consequences of the selfvariations in the electromagnetic
spectra of the astronomical objects we receive “now” on
Earth. We shall prove that equation (348)(

m0c2 + iℏ
ṁ0

m0

)•
= 0 (365)

which holds for every material particle contains as informa-
tion the entirety of the cosmological data.

We will solve equation (365) for a material particle in the
case of a flat and static universe. This equation contains as
information the redshift of distant astronomical objects. Fur-
thermore, it predicts that the gravitational interaction cannot
play the role attributed to it by the Standard Cosmological
Model. It informs us that the gravitational interaction cannot
lead the Universe either to collapse or to expansion. Conse-
quently, there is no point of solving equation (365) within an
expanding Universe.

Equation (365) contains as information the fact that the
total energy of the Universe is zero. Therefore, after solving
the equation, it can be verified a posteriori that the Universe
is flat.

From equation (365) we have that(
m0c2 + iℏ

ṁ0

m0

)•
= 0(

i
ℏ

m0c2 − ṁ0

m0

)•
= 0

i
ℏ

m0c2 − ṁ0

m0
= k. (366)

Here, k is the constant of integration. From equation (366)
we see that

m0 = −
ikℏ
c2

1
1 − exp (kt + µ)

. (367)

Here, µ is the constant of integration.
Let us suppose that we observe “now” on Earth, the elec-

tromagnetic spectrum of an astronomical object located at a
distance r away from Earth. The emission of the electromag-
netic spectrum from the astronomical object took place be-
fore a time interval ∆t = r

c . According to equation (367) the
rest mass m0(r) of the material particle at the moment of the
emission of the corresponding electromagnetic spectrum was

m0 = −
ikℏ
c2

1

1 − exp
(
k
(
t − r

c

)
+ µ

) . (368)

Combining equations (367) and (368) we have that

m0(r) = m0
1 − exp (kt + µ)

1 − exp
(
k
(
t − r

c

)
+ µ

) .
Setting

A = exp (kt + µ) (369)

we obtain
m0(r) = m0

1 − A

1 − A exp
(
−kr

c

) . (370)

Equation (370) expresses the rest mass m0(r) of the ma-
terial particle in the distant astronomical object and before a
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time interval ∆t = r
c , compared with the laboratory value of

the rest mass m0 of the same material particle. In this way
we include in the equations we state the consequences of the
internality of the Universe with respect to the measurement
process, as set forth in paragraph 4.9.

If we remove the imaginary unit i from equation (365), or
replace it by any arbitrary constant b , 0, we will again end
up with equations (369) and (370). The problems caused by
the internality of the Universe with respect to the measure-
ment procedure can only be evaded through equation (370).
Only after comparing the rest masses m0(r) and m0 can we
measure the consequences of the selfvariations.

From equation (369) we obtain for the parameter A

dA
dt
= Ȧ = kA. (371)

From equation (367) we also obtain

ṁ0 = m0
k exp (kt + µ)

1 − exp (kt + µ)
.

Through equation (369) we see that

ṁ0 = m0
kA

1 − A
. (372)

Combining equations (268) and (372) we obtain

E0 = iℏ
kA

1 − A
. (373)

In the case of the electric charge the corresponding equa-
tion to equation (365) is the second of equations (292)(

q +
iℏ
V0

q̇
q

)•
= 0. (374)

This gives us the corresponding solution

q (r) = q
1 − B

1 − B exp
(
−k1r

c

) (375)

B = exp (k1t + µ1) (376)

dB
dt
= Ḃ = k1B. (377)

Here, k1 and µ1 are the constants of integration.
The corresponding equation to equation (372) is equation

q̇ = q
k1B

1 − B
. (378)

Combining the first of equations (292) with equation
(378) we obtain

qiV0 = iℏ
k1B

1 − B
. (379)

This equation is the corresponding equation to equation
(373).

If we remove from equation (374) the imaginary unit i, or
if we replace it by any arbitrary constant b , 0, we will still
arrive at equations (375) and (376). The problems caused by
the internality of the Universe with respect to the measure-
ment procedure can only be evaded through equation (375).
We can only measure the consequences of the selfvariations
by comparing the electric charges q (r) and q.

7.3 The redshift of the far distant astronomical objects

The wavelength λ of the linear spectrum of an atom is in-
versely proportional to the factor m0q4, where m0 is the rest
mass and q the electric charge of the electron. We denote by
λ the wavelength of the linear spectrum we observe “now”
on Earth, and which originates from the atoms of an astro-
nomical object located at distance r. With λ0 we denote the
wavelength of the same kind of atom as measured in the lab-
oratory “now” on Earth.

We have that

λ

λ0
=

m0q4

m0(r)q4 (r)
.

Using equations (370) and (375) we obtain

λ

λ0
=

1 − A exp
(
−kr

c

)
1 − A


1 − B exp

(
−k1r

c

)
1 − B


4

. (380)

For the redshift z of the astronomical object we obtain

z =
λ − λ0

λ0

z =
λ

λ0
− 1.

Using equation (380) we see that

z =
1 − A exp

(
−kr

c

)
1 − A


1 − B exp

(
−k1r

c

)
1 − B


4

− 1. (381)

This equation constitutes the full mathematical expres-
sion for the redshift z of the linear spectrum of distant as-
tronomical objects.

We shall now perform an approximation. From the cos-
mological data we know that the fine structure constant

α =
e2

4πε0cℏ

remains constant for observations we make at very large dis-
tances from Earth. Therefore, the value of the electric charge
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q (r) differs minimally from the laboratory value q in the re-
gion of the Universe we observe. Therefore, we can write
equation (381) in a simpler form, that is

z =
1 − A exp

(
−kr

c

)
1 − A

− 1. (382)

Here, we used the approximation q (r) = q.
Equation (382) holds for the regions of the Universe that

can be surveyed by the scientific observation instruments we
currently have at our disposal. We shall return to the issue of
the fine structure constant in another paragraph.

From equation (369) we see that

A > 0. (383)

According to equation (382), and since the value of the
redshift z increases with the distance r, it holds that

k > 0. (384)

From equation (382), and for r → +∞ , we obtain

zmax =
1

1 − A
− 1

zmax =
A

1 − A
. (385)

We have that zmax > 0, A > 0, as given in relation (383),
thus we get

1 − A > 0

A < 1. (386)

Now, it holds that

z < zmax.

Using equation (385) we obtain

z <
A

1 − A
.

Due to relation (386) we obtain

z(1 − A) < A
z − zA < A
z < (1 + z)A

z
1 + z

< A.

Through relation (386) we finally arrive at

z
1 + z

< A < 1. (387)

This inequality holds for every redshift z, and allows us to
estimate the range of values the parameter A acquires.

From equation (382), and for r = 0, we obtain z = 0, thus

z
′
=

dz
dr
=

1 − A exp
(
−kr

c

)
1 − A

kA exp
(
−kr

c

)
c (1 − A)

.

For r = 0 we get

z
′
(0) =

dz
dr

]
r=0
=

kA
c (1 − A)

.

We expand equation (382) giving z = z (r) into a Taylor
series, and only to first order terms

z (r) = z (0) + z
′
(0)

z (r) = 0 +
kA

c (1 − A)
r

cz =
kA

1 − A
r.

Comparing with Hubble’s law cz = Hr , we obtain

kA
1 − A

= H. (388)

where H is the Hubble parameter.
From equation (388) we obtain k = H 1−A

A . The range of
values of parameter A, as determined from inequality (387),
allows us to estimate the extremely small value of the con-
stant k. Now, according to equation (371), the parameter A
increases at an extremely slow rate, and remains practically
constant in the measurements we conduct.

For the energy E, which results during nuclear fission, nu-
clear fusion, and more generally, every case where the con-
version of rest mass into energy takes place, we obtain

E (r)
E
=

m0(r)c2

m0c2 .

Using equation (370) we see that

E (r)
E
=

1 − A

1 − A exp
(
−kr

c

)

E (r) = E
1 − A

1 − A exp
(
−kr

c

) . (389)

For the photons which result from the conversion of mass
into energy we have

λγ

λ0γ
=

ch
E (r)
ch
E

=
E

E (r)
.
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Using equation (389) we obtain

λγ

λ0γ
=

1 − A exp
(
−kr

c

)
1 − A

λγ − λ0γ

λ0γ
=

1 − A exp
(
−kr

c

)
1 − A

− 1

zγ =
1 − A exp

(
−kr

c

)
1 − A

− 1. (390)

Equations (390) and (382) are identical. However, beyond
the limits reached by our current observations, the redshift z
of the linear spectrum is given in general by equation (381).

From equation (382) we obtain

1 + z =
1 − A exp

(
−kr

c

)
1 − A

. (391)

Combining equations (370) and (391) we have that

m0(z) =
m0

1 + z
. (392)

Combining equations (389) and (391) we see that

E (z) =
E

1 + z
. (393)

Combining equations (373) and (388) we obtain

E0 = iℏH (394)

for the laboratory value of the energy E0.

7.4 The graphs of the functions r = r(z) and R = R(z)

From equation (382) we have that

z =
1 − A exp

(
−kr

c

)
1 − A

− 1

z =
A

1 − A
exp

(
−kr

c

)
.

Solving for r we obtain

r =
c
k

ln
(

A
A − z (1 − A)

)
. (395)

This equation gives the distance r of the astronomical ob-
ject as a function of the redshift z.

From equation (388) we obtain k = H 1−A
A , and after re-

placing the constant k into equation (395), we get

r =
c
H

A
1 − A

ln
(

A
A − z (1 − A)

)
. (396)

Fig. 10: The graph of distance r of a distant astronomical object as a
function of the redshift z. As we increase the value of the parameter
A from 0.900 to 0.999, the curve r = r (z) approaches a straight line.
The graph has been made with H = 60 km

sMpc as the value of Hubble’s
constant.

This equation is more convenient than equation (395),
since we know the value of the Hubble parameter H, as well
as the range of values of the parameter A from inequality
(387), that is

z
1 + z

< A < 1.

In Figure 10 we present the graph of the curve r = r (z)
for H = 60 km

sMpc , and for the values of A = 0.900, A = 0.950,
A = 0.990, A = 0.999 up to z = 5. We observe that as the
value of the parameter A increases, the curve tends to be a
straight line.

We shall now prove that for A → 1− the equivalent equa-
tions (382) and (396) tend to Hubble’s law

cz = Hr (397)

From equation (388) we have k = 1−A
A H, and after substi-

tuting into equation (382), we obtain

z =
1 − A exp

(
−1 − A

A
H
c

r
)

1 − A
− 1.

We denote by x = 1−A
A , therefore x→ 0+ for A→ 1−, and
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A = 1
x+1 , so we have

z =
1− 1

x + 1
exp

(
−x

Hr
c

)
1 − 1

x + 1

−1 =
x + 1− exp

(
−x

Hr
c

)
x

− 1

lim
A→1−

(z) = lim
x→0+

(z) = lim
x→0+


x + 1 − exp

(
−x

Hr
c

)
x

− 1


0
0
=

lim
x→0+

(
1 +

Hr
c

exp
(
−x

Hr
c

)
− 1

)
=

Hr
c
.

Equation (396) gives the distance r of the astronomical
object, when we know the value of its redshift z. On the other
hand, if we measure the distance based on the luminosity of
the astronomical object, we shall always find it to be larger
than the one given by equation (396). The reason is simple:
The energy feeding the radiation of the astronomical objects
originates from nuclear fusion, and more generally, from the
conversion of rest mass into energy. According to equation
(389), this energy E (r) is less than the expected energy E.
Therefore, the luminosity of the astronomical object is itself
lower than the standard luminosity we use.

The luminosity distance R of an astronomical object is
defined by equation

J =
1

4πR2

dE
dt
. (398)

In this equation, J denotes the power per unit surface we
receive from the astronomical object, whereas the power dE

dt
refers to the “standard candle” we are using.

If the real distance of the astronomical object is r, then we
obtain for the power per unit surface J

J =
1

4πr2

dE (r)
dt
. (399)

From equations (398) and (399) we get

1
R2

dE
dt
=

1
r2

dE (r)
dt
.

Using equation (393) we have that

1
R2

dE
dt
=

1
r2

1
1 + z

dE
dt

R2 = r2 (1 + z)

R = r
√

1 + z. (400)

Combining equations (400) and (396) we see that

R =
c
H

A
1 − A

√
1 + z ln

(
A

A − z (1 − A)

)
. (401)

Fig. 11: The graph of the luminosity distance R of astronomical ob-
jects as a function of the redshift z. The measurement of the luminos-
ity distances of type Ia supernova confirms the theoretical prediction
of the law of selfvariations.

The measurements conducted for the determination of
Hubble’s constant H, have not taken into account the conse-
quences of equation (400). Even for the case of small values
of the redshift z it holds that R > r. The measurement of Hub-
ble’s parameter H with the use of the luminosity distances of
astronomical objects is correct only for very small values of
z, where it holds that R ∼ r. Such measurements result in
a value of H = 60 km

sMpc . Measurements performed have in-
cluded astronomical objects with large values of the redshift
z, thus increasing the value of the parameter H to values rang-
ing between 72 and 74 km

sMpc .
Today, we perform measurements with high accuracy.

Taking into consideration the consequences of equation (400)
we expect the parameter H to be measured close to 60 km

sMpc ,
independently of the redshift z of the astronomical object.
We, of course, refer to measurements of the parameter H, on
the basis of the luminosity distances of astronomical objects.

Equally well to equation (401) we can also use the equa-
tion which results after combining equations (400) and (397),
that is

R =
c
H

z
√

1 + z. (402)

For H = 60 km
sMpc and c = 3 × 105 km

s this can be written as

R = 5000 z
√

1 + z. (403)

The luminosity distance R is given in Mpc. In the graph
of figure 11 we present the graph of the function R = R (z),
as given in equation (403) and up to values of the redshift
z = 1.5.
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Type Ia supernova are cosmological objects for which we
can measure their luminosity distance R. Furthermore, this
measurement can be conducted at large distances, where the
consequences of equation (393) are measurable.

At the end of the last century this kind of measurements
were conducted by independent scientific groups. The graph
thet results from these measurements exactly matches graph
7.4.2 which is predicted theoretically by the theory of self-
variations. In order to explain the inconsistency of the Stan-
dard Cosmological Model with graph 7.4.2, the existence of
dark energy was invented and introduced [28–30].

7.5 Gravity cannot play the role attributed to it by the
Standard Cosmological Model

From equation (388) we obtain k = 1−A
A H, and

k
c
=

1 − A
A

H
c
. (404)

For H = 60 km
sMpc , A = 0.999, c = 3 × 105 km

s we have that

k
c
= 2 × 10−7 1

Mpc
. (405)

We replace this value of k
c into equation (370) and obtain

m0 (r) = m0
0.001

1 − 0.999 exp
(−2 × 10−7r

) . (406)

Here, the distance r is measured in Mpc.
For values of r of the order of magnitude of kpc, equation

(406) gives that m0 (r) = m0. Therefore, the strength of the
gravitational interaction is not affected in the scale of galactic
distances. For example, for distance r = 100 kpc, equation
(406) gives m0 (r) = 0.99999 m0. Therefore, the selfvaria-
tions do not affect the stability of the solar system, galaxies,
and galaxy clusters.

On the contrary, for distances of order of magnitude of
Mpc, equation (406) predicts a clearly smaller value of m0(r),
compared to m0. For example, for r = 100 Mpc equation
(406) gives m0(r) = 0.98 m0. The strength of the gravitational
interaction exerted on our galaxy by a galaxy from a distance
of 100 Mpc is 98% of the expected. For r = 2 × 103 Mpc
equation (406) gives m0(r) = 0.7145 m0. The strength of the
gravitational interaction exerted by a galaxy, which is located
at a distance of 2000 Mpc, on our galaxy is only 71.45% of
the expected.

Therefore, we conclude that due to the selfvariations the
gravitational interaction is weakened at cosmological dis-
tances and cannot play the role attributed to it by the Standard
Cosmological Model. The gravitational interaction domin-
ates and rules at a local level, at scales of a few hundreds or
thousands of kpc.

We note that if we chose a different value for the param-
eter A, from the values permitted by inequality (387), all the

arithmetic values appearing in equation (406) shall be altered.
However, the same conclusions will be drawn about the rela-
tion between rest masses m0(r) and m0.

The rest mass is given as a function of the redshift z from
equation (392)

m0(z) =
m0

1 + z
.

For z = 0.1 we get m0(z) = 0.9091 m0, for z = 1 we
have m0(z) = 0.5 m0, and for z = 9 we see that m0(z) =
0.1 m0. The strength of the gravitational interaction exerted
by an astronomical object with redshift z = 9 on our galaxy
is only 10% of the expected.

For even greater distances the gravitational interaction
practically vanishes.

7.6 The very early Universe

All the equations we have stated in this paragraph are com-
patible with the condition r → ∞. The equations are stated
in such a way that the condition r → ∞ offers us information
about the very early Universe.

For r → ∞ equation (370) gives

m0 (r → ∞)→ m0 (1 − A) . (407)

The inequality (387)

z
1 + z

< A < 1

holds for every value of the redshift z, hence A → 1. There-
fore, from relation (407) we conclude that the initial form of
the Universe only slightly differs from the vacuum.

Similarly, from equation (375) we have that

q (r → ∞)→ q (1 − B) . (408)

This relation does not lead to the same consequences as
relation (407). We know that the electric charge exists in op-
posite physical quantities in the Universe. Because of this, the
total electric charge of the Universe is zero. Relation (407)
informs as that the energy content of the very early Universe
also tends to zero. The very early Universe only slightly dif-
fers from the vacuum. It possesses, though, a very important
property which determines its evolution. It is temporally vari-
able due to the selfvariations.

The increase of the rest masses and the electric charges
destroys the initial homogeneity and state of rest, induces the
first minute motions of the particles, and shifts the system
to a temperature slightly above 0 K (temperature reflects the
kinetic state of the particles in the system). The evolution of
the selfvariations with the passage of time leads the Universe
to the form in which we observe it today.

In general, this is the prediction for the begining and evo-
lution of the Universe from the equations we have stated. This
prediction is also verified from the calculations presented in
the following paragraphs.
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7.7 The Universe is flat

From the principle of conservation of energy we conclude that
the total energy content of the Universe is constant, and re-
mains the same at every moment. Relation (407) informs us
that the energy content of the very early Universe tends to
zero. Therefore, the same holds today as we observe the Uni-
verse. Because of this, the Universe is flat.

The difference between the current state of the Universe
and its initial state is the following: The rest masses of par-
ticles have increased, but this increase is counterbalanced by
the generalized photons that flood spacetime, and by the
strengthening of all kinds of negative potential energies that
result as a consequence.

The observations conducted by the COBE and WMAP
satellites confirm that the Universe is flat. Other observational
data lead us to the same conclusion.

7.8 The origin of the cosmic microwave background
radiation

The laboratory value for the Thomson scattering coefficient
[31, 32] is

στ =
8π
3

q4

m2
0c2
. (409)

Here, q and m0 are the electric charge and the rest mass
of the electron, respectively. At a distant astronomical object
the Thomson coefficient is

στ (r) =
8π
3

q4 (r)
m2

0 (r) c2
. (410)

Combining these equations we get that

στ (r)
στ

=

(
m0

m0(r)

)2 (
q (r)

q

)4

. (411)

From the observations we have made on the variation of
the fine structure constant we know that, for large distances r,
it holds that q (r) = q. Therefore, at a very good approxima-
tion, equation (411) can be written as

στ (r)
στ

=

(
m0

m0(r)

)2

.

Using equation (370) we obtain that

στ (r)
στ

=


1 − A exp

(
−kr

c

)
1 − A


2

. (412)

For very large distances (r → ∞) very close to the initial
state of the Universe, and at a temperature of about 0 K, equa-
tion (412) gives

στ (r → ∞)
στ

=

(
1

1 − A

)2

. (413)

But according to inequality (387), A → 1. Therefore, in
the very distant past, and for a temperature of the Universe
just slightly above 0 K, the Thomson scattering coefficient
acquires enormous values, rendering the Universe opaque.
The cosmic microwave background radiation we observe to-
day, originates in this phase of the evolution of the Universe.
The conditions we described refer to the whole expanse of
the Universe. That is why the cosmic microwave background
radiation seems to originate “from everywhere”.

Equation (412) gives the value of the scattering coefficient
at distant astronomical objects. Combining this equation with
equation (382) gives

στ (z)
στ

= (1 + z)2

στ (z) = στ (1 + z)2 . (414)

This equation is easier to use, since it expresses the Thom-
son scattering coefficient as a function of the redshift z of the
distant astronomical object. We can also write equation (414)
in the form

στ (z) =
8π
3

e4

m2
ec2 (1 + z)2 (415)

where e and me denote the electric charge and the mass of the
electron, respectively.

The Thomson coefficient concerns the scattering of pho-
tons of low energy E. For high energy photons it is replaced
by the Klein-Nishina coefficient, given in the laboratory by

σ =
3
8
στ

m0c2

E

[
ln

(
2E

m0c2

)
+

1
2

]
(416)

and by relation

σ (z) =
3
8
στ (z)

m0 (z) c2

E (z)

[
ln

(
2E (z)

m0 (z) c2

)
+

1
2

]
(417)

for the distant astronomical object.
From equations (392) and (393) we obtain

m0 (z) c2

E (z)
=

m0c2

E
.

Therefore, equation (417) can be written as

σ (z) =
3
8
στ (z)

m0c2

E

[
ln

(
2E

m0c2

)
+

1
2

]
.

Using equation (416) we have

σ

σ (z)
=
στ
στ (z)

.

Using equation (414) we take that

σ (z) = σ (1 + z)2 . (418)

The two scattering coefficients depend in the same way
upon the redshift z, and the distance r.
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7.9 The decrease of the atomic ionization energies at
distant astronomical objects

The ionization and excitation energy Xn of the atoms is pro-
portional to the factor m0q4, where m0 is the rest mass of the
electron and q is its electric charge. Thus, we have

Xn (r)
Xn

=
m0 (r)

m0

(
q (r)

q

)4

.

After applying the familiar approximation q (r) = q we
obtain

Xn (r)
Xn

=
m0 (r)

m0
.

Using equation (370) we have

Xn (r)
Xn

=
1 − A

1 − A exp
(
−kr

c

) . (419)

Through equation (382) we see that

Xn (z) =
Xn

1 + z
. (420)

According to this equation the redshift z affects the rate of
ionization of the atoms in distant astronomical objects. Boltz-
mann’s equation

Nn

N1
=
gn

g1
exp

(
− Xn

KT

)
(421)

expresses the number of the ionized atoms Nn occupying
the energy level n in a stellar surface which is at thermody-
namic equilibrium. With Xn we denote the excitation energy
from the energy level 1 to the level n, T stands for the tem-
perature of the stellar surface in Kelvin, K = 1.38× 10−23 J/K
is Boltzmann’s constant, and gn is the degree of degeneracy
multiplicity of level n, that is, the number of energy levels
into which level n splits in the presence of a magnetic field.

Combining equations (420) and (421), we obtain for the
distant astronomical object relation

Nn

N1
=
gn

g1
exp

(
− Xn

KT (1 + z)

)
. (422)

In the case of the hydrogen atom, for n = 2, X2 = 10.15
eV = 16.24 × 10−19 J, g1 = 2 , g2 = 8 and for a solar surface
temperature T ∼ 6000 K, equation (421) shows that only one
atom out of 108 occupies the n = 2 state. At the same temper-
ature, equation (422) gives that for a redshift value of z = 1
we have N2

N1
= 2.2 × 10−4, for z = 2 we have N2

N1
= 5.8 × 10−3,

and for z = 5 we have N2
N1
= 0.15.

The conclusions drawn from the current and the previ-
ous paragraph demand a reexamination of the conclusions we
have drawn from the observation of the electromagnetic spec-
trum of distant astronomical objects.

For very large distances, that is, in the very distant past,
equation (419) gives

Xn (r → ∞) = Xn (1 − A) . (423)

This equation informs us that the very early Universe was
ionized at some stage [33]. The ionization energies of the
atoms had very small values. We can reach the same conclu-
sion if we substitute into equation (420) very large values of
the variable z, or if in equation (421) we replace the energy
Xn with Xn (1 − A).

7.10 On the fine structure constant

In the preceding paragraphs we saw that due to the manifes-
tation of the selfvariations, energy, momentum, angular mo-
mentum and electric charge flow from the material particles
to the surrounding spacetime. The first consequence of the
selfvariations is the potential to transfer energy, momentum,
angular momentum and electric charge from one material par-
ticle to another, i.e. the interaction between the material par-
ticles. The gravitational and electromagnetic interactions de-
termine the starting point for the quantitative determination of
the selfvariations. Because of this, we supposed that the rest
masses and the electric charges, and not any other physical
quantity, vary with the passage of time. We offer this remark
since, at cosmological scales, equation (365) justifies all of
the cosmological observational data we possess, and it could
be supposed that the electric charge remains constant. Such
an assumption cannot hold within the framework of the the-
ory of selfvariations, where the selfvariations of the electric
charge are responsible for the electromagnetic field.

By analyzing the electromagnetic spectra reaching Earth
from distant quasars from distances up to 6 × 109ly [34–36],
the value of the fine structure constant α remains constant.
More precisely, there are indications of a very slight variation
of the parameter α.

The parameter α depends on the electron charge q, as
given in

α =
q2

4πε0cℏ
. (424)

Therefore, this parameter is not constant. We have

α (r)
α
=

(
q (r)

q

)2

.

Using equation (375) we also have

α (r)
α
=

(
q (r)

q

)2

=


1 − B

1 − B exp
(
−k1r

c

)


2

. (425)

From this equation it can be inferred that the parameter
α (r) (essentially the electric chargeq (r)), remains constant
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for large distances r when the constant k1 or the parameter B
acquire extremely small values. According to relation (408)
we have that

q (r → ∞)→ q (1 − B) .

This relation can be written as

α (r → ∞)→ α (1 − B)2 .

Therefore, the value of the electric charge and of the pa-
rameter α in the very early Universe are only determined by
the value of the parameter B. Hence, the parameter B has a
very small value, independently of the value of constant k1.

For very small values of the parameter B we see that

q (r → ∞)→ q (1 − B)→ q.

This prediction does not cause any problems at the initial
state of the Universe, since the electric charge exists in cou-
ples of opposite physical quantities. Such a relation cannot
hold for the case of the rest mass, and indeed we know that

z
1 + z

< A < 1

m0 (r → ∞)→ m0 (1 − A)→ 0.

From equation (376) we obtain B > 0. Thus, we arrive at
the conclusion that the parameterB acquires extremely small
positive values.

The extremely small value of the parameter B assures the
stability of the value of the parameter α for large distances
r. Hence, we turn our attention not to the arithmetic value
(which is likely to be extremely small, as is the case for the
constant k = 1−A

A H), but to the sign of the constant k1.
For k1 > 0 we obtain successively that

k1 > 0

−k1r
c
< 0

exp
(
−k1r

c

)
< 1, (B > 0)

B exp
(
−k1r

c

)
< B

−B exp
(
−k1r

c

)
> −B

1 − B exp
(
−k1r

c

)
> 1 − B,

(
1 − B exp

(
−k1r

c

)
> 0

)
1 − B

1 − B exp
(
−k1r

c

) < 1.

From equation (425) we have that

α (r)
α
=

(
q (r)

q

)2

< 1 k1 > 0.

Therefore, for k1 > 0 we will measure a slight decrease of
the parameter α at large distances. Similarly, it turns out that
for k1 < 0 we will measure a slight increase of the parameter
α at large distances [37]

α (r)
α
=

(
q (r)

q

)2

> 1, k1 < 0.

Based on the observational data we currently have, mea-
surements of the variation of the parameter α have to be con-
ducted for distances greater than 6 × 109 ly. The extremely
small value of the (positive) parameter B renders these mea-
surements difficult, in both cases.

7.11 The large structures in the Universe

The increase of the rest masses with the passage of time
strengthens the gravitational interaction and accumulates
matter towards various directions. The consequences of the
accumulation of matter depend upon the quantity of the ac-
cumulated matter, as well as on the volume it occupies. In
all cases, the total initial energy of the accumulated matter is
zero, according to relation (407).

At large scales, at distances of order of magnitude 109 ly,
the distribution of matter must have been determined by a
large-scale destruction of the absolute homogeneity of the
vacuum in the very early Universe. This explains the colossal
webs of matter through vast expances of empty space that we
observe with the modern observational instruments.

At smaller scales, within the dimensions of a galaxy, the
accumulation of matter increases the temperature, as a result
of the conversion of the gravitational potential energy into
heat. A percentage of the particles of matter accumulates in
a first central core of high temperature, while the remaining
percentage remains distributed in the surrounding space dur-
ing the period of accumulation. The slow rate at which the
selfvariations occur, strengthens, also at a slow rate, the mag-
nitude of the gravitational interaction, and allows a consider-
able percentage of the particles to remain in the surrounding
space.

A further accumulation of the first core will lead to the
formation of a second, more centralized core, until the tem-
perature reaches the point where nuclear fusion starts. The
initiation of nuclear fusion prevents the further accumulation
of matter.

We separated the process of the accumulation into two
phases, and we mentioned two cores for the following rea-
son: The initial percentage of matter which remained outside
the initial central core concerns the initial phase of the accu-
mulation and is at a low temperature, slightly above 0K [38].
However, the percentage of matter which stays outside the
second, and real central core, already has a high temperature.
If we take into account the very high value of the Reynolds
coefficient in this region, turbulent vortices will be generated.
Therefore, the formation of stars should occur in this region.
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In the final central core, the density of matter should be larger
than in the rest of the galaxy. Clusters of galaxies are formed
through similar processes.

Rough calculations give an equation correlating the mass
and the volume of a galaxy [39–42]. This relation is con-
sistent with the data we possess about galaxies (and galaxy
clusters). But in reality, the process of accumulation is not
separated into phases, but evolves in a continuous manner,
from its beginning up to the formation of a galaxy. There-
fore, we can only reach safe conclusions on the issue through
computer simulations.

7.12 The origin of matter and the arrow of time

The equations of the theory of selfvariations predict at the
limit, in the very distant past, that the beginning of the Uni-
verse was the vacuum. Therefore, we cannot consider a point
to be the beginning of the universe, as proposed by the Stan-
dard Cosmological Model. All the points within the Universe
are equivalent. The Universe originates “from everywhere”,
exactly as the cosmic microwave background radiation does
(paragraph 7.8). Which physical mechanism can lead to such
a result?

The theory of selfvariations predicts that the generalized
particle can behave in such a way. The correlation of the
vacuum with the condition dS 2 = 0 leads to such an
interpretation, as we analyzed it in paragraph 5.9 and in para-
graph 6.

What happens at the microcosm is a repetition at a local
level, in a region of spacetime, of the condition that dom-
inated throughout the spacetime occupied by the Universe
during its emergence from the vacuum. That is how the slight
perturbations of enormous spatial dimensions emerged within
the initial homogeneity of the vacuum.

These perturbations were recorded on the cosmic micro-
wave background radiation that followed (2.74 K) and which
also originates from the whole Universe, as discussed in para-
graph 7.8. Moreover, these perturbations are responsible for
the large-scale distribution of matter in the Universe (para-
graph 7.11).

The theory of selfvariations solves a fundamental prob-
lem of physical reality, which the physical theories of the last
century are unable to solve. The equations of the theory of
selfvariations include the arrow of time. The Universe origi-
nates from the vacuum and evolves towards a particular direc-
tion, which is determined by the selfvariations. The selfvari-
ations continuously “distance” the Universe from the state of
vacuum, but the Universe remains consistent with its origin:

The origin of matter from the vacuum, combined with the
principles of conservation, has as a consequence that the en-
ergy content of the Universe is zero.

In the laboratory, the internality of the Universe to the pro-
cess of measurement apparently “freezes” the time evolution
of the selfvariations. On the contrary, the consequences of

the selfvariations are directly imprinted on the observations
we conduct at large distances. The Universe we observe to-
day, and the complex processes taking place in Nature, are the
results of the evolution of the selfvariations with the passage
of time.

7.13 The future evolution of the Universe

The range of values parameter A takes is given by inequality
(387)

z
1 + z

< A < 1.

Furthermore, equation (371) informs us that the parame-
ter A approaches unity at an exceptionally slow rate, due to
the extremely small value of the constant k = 1−A

A H.
The parameter A appears in all of the equations we have

stated. Because of this, the evolution of this parameter
through time also determines the future evolution of the Uni-
verse, at least in the observations we will conduct in the far
future.

From equation (388) we have that

Ḣ = k
Ȧ (1 − A) + AȦ

(1 − A)2 .

Using equation (371) we obtain

Ḣ = k
kA

(1 − A)2

Ḣ =
1
A

(
kA

1 − A

)2

Ḣ =
1
A

H2.

For A ∼ 1,H = 60 km
sMpc = 2 × 10−18 s−1

Ḣ = 4 × 10−36s−2.

The Hubble parameter varies at an extremely slow rate.
We shall now see how the redshift z varies with the pas-

sage of time. From equation (382) we get

z =
1 − A exp

(
−kr

c

)
1 − A

− 1

z =
A

1 − A

(
1 − exp

(
−kr

c

))
.

(426)

For the same distance r we have that

ż =
( A
1 − A

)• (
1 − exp

(
−kr

c

))
ż =

Ȧ
(1 − A)2

(
1 − exp

(
−kr

c

))
.
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Using equation (371) we see that

ż =
kA

(1 − A)2

(
1 − exp

(
−kr

c

))
.

Considering equation (426) we obtain

ż =
k

1 − A
z

ż =
1
A

kA
1 − A

z.

Through equation (388) we arrive at

ż =
H
A

z. (427)

For H = 2 × 10−18s−1 = 6.3 × 10−11year−1 and A ∼ 1 we
obtain

ż = z · 6.3 × 10−11year−1. (428)

The rate of increase of the redshift z is a measure with
which to evaluate the future evolution of the Universe.

8 The Topographic Theorem

For a material point particle, the velocity υ of the selfvaria-
tions is defined by equation (6)

υ =
c
r

r. (429)

This equation refers solely to the material point particle.
On the contrary, equation (33)

υ

c
=

 cos δ
sin δ cosω
sin δ sinω

 (430)

has more general validity. The velocity in equation (430) sat-
isfies the relation ∥υ∥ = c, without necessarily having the
form (429). Therefore, we have to study the properties of the
velocity υ, as they follow from equation (430). The differ-
entiation between the two equations occurs in equations (43)
and (44)

∇δ = λ1
υ

c
+ Kβ + Lγ

∇ω = λ2
υ

c
+ Mβ + Nγ

which take the form

∇δ = − ∂δ
c∂t
υ

c
+ Kβ + Lγ

∇ω = −∂ω
c∂t
υ

c
+ Mβ + Nγ.

(431)

We will mention the general properties of the velocity υ,
without citing the relevant proofs.

The coefficients ∂δc∂t , K, L, ∂ωc∂t , M, N are not independent
from each other, but are constrained by the following com-
patibility equations:

∂δ

c∂t
(L − M sin δ) + (KM + LN) cos δ − γ · ∇K+

+β · ∇L = 0

∂ω

c∂t
(L − M sin δ) +

(
M2 + N2

)
cos δ − γ · ∇M+

+β · ∇N = 0

∂K
∂t
+ υ · ∇K = −c

(
K2 + LM sin δ

)
∂L
∂t
+ υ · ∇L = −cL (K + N sin δ)

∂M
∂t
+ υ · ∇M = −cM (K + N sin δ)

∂N
∂t
+ υ · ∇N = −c

(
LM + N2 sin δ

)
∂

∂t

(
∂δ

c∂t

)
+ υ · ∇

(
∂δ

c∂t

)
= −K

∂δ

∂t
− L sin δ

∂ω

∂t
∂

∂t

(
∂ω

c∂t

)
+ υ · ∇

(
∂ω

c∂t

)
= −M

∂δ

∂t
− N sin δ

∂ω

∂t
.

(432)

These equations are valid in every inertial frame of refer-
ence.

For the inertial reference frames S and S ′, as we defined
them in paragraph 3, the following Lorentz-Einstein transfor-
mations hold

∂δ′

c∂t′
=
∂δ

c∂t
+

u
c

K sin δ

1 − u
c

cos δ

K′ =
K

γ
(
1 − u

c
cos δ

) L′ =
L

γ
(
1 − u

c
cos δ

)
∂ω′

c∂t′
sin δ′ =

∂ω

c∂t
sin δ − u

c
M sin δ

sin δ

1 − u
c

cos δ

M′ sin δ′ =
M sin δ

γ
(
1 − u

c
cos δ

)
N′ sin δ′ =

N sin δ

γ
(
1 − u

c
cos δ

) .

(433)

We define the vector

t = ∇δ × sin δ∇ω = t1 υc + t2β + t3γ =

= (KN sin δ − LM sin δ)
υ

c
+

+

(
∂δ

c∂t
N sin δ − L

∂ω

c∂t
sin δ

)
β

+

(
K
∂ω

c∂t
sin δ − ∂δ

c∂t
M sin δ

)
γ.

(434)
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The topography of the generalized photon is defined by
the following theorem:

Theorem 5. The Topographic Theorem. For every inertial
frame of reference and for every generalized photon, the fol-
lowing hold:

1. If it is (t1, t2, t3) , (0, 0, 0), then the generalized photon
is of one spatial dimension. The material points of the
generalized photon are arranged on a curve. At each
point of the curve the vector t is tangent on the curve.

2. The generalized photon can have two spatial dimen-
sions, with its material points arranged on a surface.
Then at each point of the surface, the vector n, vertical
to the surface, is given by n = ∇δ

∥∇δ∥ =
∇ω
∥∇ω∥ .

3. If the material points of the generalized photon are ar-
ranged in the three-dimensional space, then it is K =
L = M sin δ = N sin δ = ∂δ

c∂t =
∂ω
c∂t sin δ = 0.

For the material point particle and for the velocity vector
(429), we obtain from equations (51) and (34)

∂δ

c∂t
= − u · β

cr
(
1 − υ · u

c2

)
K =

1
r

L = 0

sin δ
∂ω

c∂t
= − u · γ

cr
(
1 − υ · u

c2

)
M sin δ = 0 N sin δ =

1
r
.

Thus, we get

t1 = KN sin δ − LM sin δ =
1
r2 , 0

and, therefore, it is t , (0, 0, 0). Consequently, in the case
of equation (429) the generalized photon is of one spatial
dimension. Therefore, the trajectory representation theorem
emerges, as we saw in paragraph 2.4.

The topographic theorem permits the study of the self-
variations for non-point material particles.
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